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ENGINEERING. 





I 





BREAKING GROUND. 

WessteR, and other lexicographers, give but one 
definition of the word Engineering—to wit, ‘ noun 
“masculine; the business of an engineer.” The title 
of this journal has been chosen, therefore, as typify- 
ing the business, art, and profession of the engineer, 
although the word Engineering may be also employed 
as an adjective. It has grown into English from the 
good old Latin, ingenium, whereby the Romans ex- 
pressed, in an exalted sense, their idea of heart, mind, 
abilities, or genius. One would have sup posed that 
the other professions would have long ago appropriated 
a word of so much meaning, not to say grandeur, and 
so plastic in its application. Yet, whether our judg- 
ment be impartial or no, we believe that no other field 
of thought and action deserves the term so much as our 
own. The foundation of the churchman’s profession 
is in faith and goodness, that of the law should be in 
right and common sense. The pliysician may be said 
to come nearer to that close and responsible observa- 
tion and interpretation of nature to which ingenium 
best applies; but where the professor of the healing 
art watches the pulse of mortal life, the engineer goes 
straight to the very heart of immortal nature. All its 
grand forces and wonderful phenomena are open to his 
touch. Here is gravity, keeping a universe in order ; 
the sea a level pathway for the commerce of the world, 
and acting for ever and for ever in a thousand ways for 
the good of man, or as long as man shall endure. There 
is cohesion, and here is heat; there chemical affinity, 
and here electricity; now evaporation and again con- 
densation, together with elasticity, friction, inertia, 
and, hardly less, those eternal and imperial laws of 
pressure, stability, virtual velocities, and vis vivd which 
reign over the whole empire of construction. No man 
stands so close to Nature as-the engineer ; none other 
dare, or can, bid her do this, and do that, as the 
etigineer may do, and, indeed, does daily. The philo- 
sopher may go before, discovering the laws of forces 
and the relations of matter. Thus did Galileo, Newton, 
and Liebnitz, and in later times, Lavoisier, Black, and 
Davy, and still later, Faraday, Thomson, and Rankine. 
Their discoveries were the foundations of engineering 
science, but valuable only in the proportion to which 
they have been, and may be, turned to account in prac- 
tice. This is the profession of the engineer, as defined 
in the charter which Telford obtained, for himself and 
his associates, from George the Fourth—* the art of 
“directing the great sources of power in nature, for 
“the use and convenience of man.” Strictly, all non- 
militant engineers are civil engineers—the term mecha- 
nical engineer being a sub-definition, representing a 
branch of civil engineering, although all civil engineers 
are not mechanical engineers. Even those who would 
not wish to be styled military engineers are now engaged 
in the construction of forts and other permanent works 
of defence, as also in the construction of ordnance and 
ships of war. Telford, however, restricted the defini- 
tion of the works of the civil engineer, very justly, to 
those serving “as the means of production and traffic 
“in states, both for external and internal trade, as 
“applied in the construction of roads, bridges, aque- 
“ducts, canals, river navigation, and docks, for internal 
“intercourse and exchange, and in the construction of 
“ports, harbours, moles, breakwaters, and lighthouses, 
“and in the art of navigation by artificial power for 
“the purposes of commerce, and in the construction 
“and adaptation of machinery, and in the drainage of 
“cities and towns.” This is a good definition, but the 
modern idea of Engineering goes even further. The 
wealth of nations and: the happiness of mankind are 
augmented in a wonderful degree by the labours of 
engineers. As Sir John Gray said, last simmer, to 
the Mechanical Engineers at the Dublin Exhibition, 
“We may call you the civilising engineers,” and truly 
our profession—possibly more than all others—is work- 
ing out a grand labour of civilisation. Fifty years are 
as nothing in the history of mankind—as nothing in 
relation to time. Yet fifty years have made England 
anew nation. Say what we may of ancestry and race, 
we have become a new people. Not, perhaps, that: we 
are less proud and warlike, nor are we more courtly in 
bearing. But there is tenfold more practical sense, 
more genuine Christian feeling—tenfold more material 








happiness. The great middle class has arisen, bringing 
up and bringing down on both sides. We have pros- 
pered beyond precedent, but this has been by the im- 
pulse which Engineering, including the thousand prac- 
tical applications of science, has given to every depart- 
ment of production. What can we say of the increase 
of our manufacturing power within the last fifty years ? 
Look at the inland revenue returns. In 1815, the 
returned profits upon realised property, including mines, 
quarries, and ironworks, were less than one and a half 
millions. Now these, with the profits returned from 
new investments of realised property, are upwards of 
twenty millions. The profits from houses are more 
than threefold greater; the incomes from trades and 
professions have increased in a nearly equal ratio, and 
while the population of the kingdom has doubled, so 
has the average crop or produce of each acre of culti- 
vated land. Life, with anything like comfort, was, 
before, a hard battle for the many, although there 
were always the happy, and the luxurious few. Man, 
in the aggregate, was ever fighting with nature, of 
which he understood little, and from which he got but 
little. Now he has learned that she is the kind 
mother of us all, and that we have only to seek and 
apply her laws, to realise a degree of wealth and 
material happiness beyond the wildest dreams of past 
generations. We have indeed reached an age of luxury, 
but without effeminacy. We believe there are but few 
of our middle class who could be induced to exchange 
their own homes and appliances for comfort for the 
noblest villas of ancient Rome, even with all the soft- 
ness and splendour of an Italian climate. But while 
we have possessed ourselves of luxuries of which Rome, 
in its grandest days, could not boast, we have treasured 
our pristine heroism, and all the stronger and manlier 
qualities. We have, indeed, set an immeasurably 
highér value upon human life than was the case of old; 
but we need only higher objects to dare and do as 
much as man has ever dared and done. England has 
all the strength of heart and strength of arm which 
have borne her proudly through centuries of change, 
but she has reached a pitch of civilisation, in the higher 
and Christian, as well as the material, sense of the 
term, with which no former period of our history can 
be compared. Law, which represents the best feel- 
ing and opinion of our age, is now supreme. Count 
Rumford, only sixty years ago, had to inform the Fel- 
lows of the Royal Society that, on his return from 
Munich, his coach was stopped and robbed, at six 
o’clock in the evening, in St. Paul’s Churchyard, and 
that he had been thus deprived of papers containing 
the results of years of experiment! What single inci- 
dent could we imagine which could more strongly con- 
trast the England of 1805 with the England of 1866? 
Not that crime has ceased, nor is it likely ever to be 
extinguished; but the tendencies to crime have been 
greatly lessened, by lessening ignorance and want; 
and we therefore maintain that to Engineering—taki 
the term in its broader sense, as including the practi 
application of natural laws to all won purposes—is 
mainly due the progress which this nation has made, 
not merely in wealth, but in a higher civilisation. 
Engineering has done more tlian war and diplomacy; 
it has done more than the Church ana the Universities ; 
it has done more than abstract philosophy and 
literature. It has done more than our laws have done, 
and it has in many ways reacted upon them to their 
improvement. It has done more than commerce, for 
it has created commerce where before it was not. 
Engineering, by affording one of the grandest examples 
of the advantages of practical thought, has brought 
mankind to think more, and to better purpose, than 
they had done before. It is the province of the engi- 
neer to liberate wan from ignoble drudgery; to better 
him, and to lead him to better hiinself, ‘by the work of 
his brain rather than that of his hands, It has been 
rather the example of Engineering, and the new aids 
which it gave to thought—for what are printing, 
especially the steam press—the post office system, wit. 
our penny postage, and what the electric telegraph, 
and all our thousand improved channels of intercourse, 
but the results of Engineering in its broader sense P— 
it has been this example and these aids which have so 
stimulated that higher, although utilitarian order of 
thought, which so distinguishes this century from any 
former period of history. This order of thought is 
ennobling, because it brings us to deal with laws and 


let us say, from above, as the grandest evidences of 
creative power, and of Divine goodness. There can be 
nothing mean or coarse in Engineering. When we 
beho!d man, raising from the depths of the earth the 
rough ore and the dingy coal, and with the help of the 
one fashioning the other into the hot, breathing, and 
gleaming, yet obedient engine, stronger than an ancient 
host, and ready to work in a thousand ways as man 
never could have wrought, we see and own that the 
engineer is not merely a craftsman nor a tradesman, 
but a practical philosopher of the highest class. We 
seem even more than ever to realise Hamlet’s grand 
apostrophe: “ How noble in reason, how infinite in 
“faculty . . . in apprehension how likea God!” After 
all, Engineering is the science of life, and of living 
prosperously and worthily. 

It is impossible, now-a-days, to say, by any mere rule, 
who is ak who is not an engineer. Nor do we wish, 
nor do we expect, to see diplomas given to those who 
may be thought emeritus in engineering science. The 
Press and the immeasurable facilities for intercourse 
which modern habits, the penny post, and the telegraph 
have placed in our hands, render diplomas unnecessary. 
We all of us now know, as soon as the reputation of a 
professional man is worth knowing, whether he is sound 
or whether he is a quack. There is no excuse, now, 
for those who are victims to quackery, whether in 
Engineering or in other professions. ‘If they will accept 
advice they can always be well and honestly advised. 
And while this journal lives it will always hold out 
both hands, one with encouragement for genuine talent, 
the other with a whip of nettles for humbugs and 
quacks who mount Engineering, as a wooden horse to 
popular favour, to wealth and fame. 

Now to business. This journal is begun because its 
conductor is convinced that there is no other worthy 
to represent Engineering. Indeed, did he choose to 
rely upon the opinions of others, he. might, with hun- 
dreds of letters before him from leading members of 
the profession, declare the general feeling, to wit, that 
there is no really Engineering newspaper. But this 
opinion onlycoincides—as well-thought opinions formed 
after proper and honest reasoning from conspicuous 
facts, may coincide—with hisown. Heis ina position 
from which, perhaps better than any one else, he can say, 
how so-called Engineering journals are conducted. It 
is only just to say that they are seldom conducted ty 
engineers, sometimes, indeed, by gentlemen of insuffi- 
cient education—sometimes, it may as well be said, by 

ersons who are not gentlemen at all. Whatever may 
be the faults of the patent system, there will be those 
to suggest that one of its worst faults is the facility 
which it affords for the pretensions of a considerable 
class of newspaper adventurers, and for palming off 
new patents, which any one can cheaply collect at the 
Patent Office, as worthy engineering matter. Patents 
are granted in encouragement of useful inventions ; 
but of a thousand patents, a large number are trash, 
while hundreds of others are for matters of no real 
general interest. Yet the journals which are by 
courtesy termed engineering newspapers, seize weekly 
upon the patents then issuing, as if they represented 
engineering thought and practice of attested value. In 
most cases, indeed, the conductors of the — 
engineering journals are patent agents, and the 
svcweliy Waskests and describe the inventions of thelr 
own clients, or of whoever will pay for engravings— 
not to say descriptions or commendations. As for 
executed works, representing the responsible practice 
of engineers, there is next to ——- If, by chance, 
an account of a new bridge, or a railway station, or a 
blast furnace, or a pier, be printed, it is more com- 
monly taken, with or without acknowledgment, from 
the Zimes, which really contains far more engineering 
news than all the technical papers taken together. As 
for the leading articles in the engineering journals, they 
are mostly unreadable, and hence unread. They are to 
a great extent without knowledge, without construc- 
tion, without thought, ‘and perhaps without taste. 
They are not written by engineers, but often by the 
most ignorant pretenders. The correspondence is 
sometimes good, but mostly bad. ' In many papers, any 
rubbish is printed as correspondence, especially if it is 
seen to provoke controversy. Few gentlemen of 
standing dare, indeed, write, over their own names, to 
the so-called engineering papers, and there is hardl 
one of these which has not, at some time, laid itself 
open to the law, in respect of libellous communications. 
he “ scissorings,” of which many of these papers are 
largely formed, are commonly either irrelevant to the 
subject of engineering, or of but little interest. 


ENGINEERING may not reform these defects alto- 
gether, but it will do its best. Its articles will be 
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prictical advancement of engineering science, art, and 
Interests. It will describe and analyse, and if need be, 
criticise executed works to the exclusion of patented 
schemes, undigested by working. It will strive to 
collect and present the greatest amount of engineering 
news, and it will discuss honestly and earnestly, every- 
thing likely to advance engineering practice. It will 
be as well for those who may be at any time disposed 
to wonder at plain out-spoken words, to understand 
that whatever may appest in these pages, is from the 
pens of gentlemen who believe they know what they 
are about, and, who at any rate are thoroughly in 
earnest. It is hoped that no real field of engineering 
will be neglected. Works of construction, such as 
were more strictly considered by Telford, in his defini- 
tion of the art of the engineer, will receive much, but 
not exclusive attention. The steam engine, and other 
prime movers, will be largely considered, and so will 
inventions of much promise or of attested value. Iron 
ship construction, improved buildings, gas-works, water 
works, sewerage works, and telegraphs, will have their 
share of attention. And so will each addition to the 
artificial means of national offence‘and defence, as re- 
presented by forts, batteries, ships of war, gunboats, 
ordnance, armour, &c. The iron and steel manufacture, 
the selection, and preparation of the materials of con- 
struction, agricultural machinery, &c., will all occupy 
goodly space in these columns. And, withal, whatever 
is likely to elevate the profession, and especially to 
infuse a higher order of artistic feeling in engineering 
practice, will meet with special exposition. 


LITERATURE 
‘ 
—— 
The Modern System of Naval Architecture. By J. Scorr 
Russet, F.R.S. London ;: Day and Son, Gate-street, 
Lincoln’s Inn Fields. 1865. 


We shall do no injustice whatever to previous 
writers on Naval Arehitecture, when we say that this 
is in every sense the greatest work on that subject 
which has appeared, It is the greatest in size, for it 
consists of three volumes, each measuring 28 inches by 
20; one volume forming the text, and the remaining 
two consisting of illustrative plates. It is the greatest 
also in cost ; for it is charged to subscribers 30, and to 
non-subscribers 40 guineas, in its unbound state, It 
is likewise greatest in pretensions, for the author 
states that it ‘‘ embodies the thought, the experiment, 
‘* the practical experience of a laborious lifetime. It 
‘* is meant to teach a young race of naval architects, 
‘* shipbuilders, and engineers, the theoretical princi- 
** ples, the practical methods of construction, and the 
‘* mechanical resources by which they may surpass the 
‘* works of their fathers in excellence of design, in truth 
‘‘of workmanship, and in the qualities of speed, 
** economy, and safety ; so that the fleets of the future 
“* may fulfil with credit to the constructors, and with 
** success to the owners, all their great tasks.” And 
in another place he says: ‘‘ What [ am most anxious 
** about is, that no one should take this book for what 
‘it is not. Its aim is to create new fleets, not to 
“celebrate old ones.” It must be acknowledged also 
that, whether these exceedingly high pretensions are 
fulfilled or not, this work is certainly the greatest in 
its actual scope, and in its depth and breadth of treat- 
ment, of all the books on Naval Architecture that have 
ever appeared. 

The space at our disposal is much too limited to 
admit of anything like an exhaustive review of Mr, 
Scott Russell’s work—a work which probably deserves 
extremes of both praise and censure more than any 
other professional work that has appeared for man 
years. ‘The very genius and power of the author, which 
give measureless value to many of his disquisitions, not 
unfrequently lead him on to generalisations which 
conflict with many of those circumstances and condi- 
tions which a naval architect, shipbuilder, and engineer 
is bound to regard, if he vould make his works suc- 
cessful in this commercial, not to say mercenary, world. 
We might illustrate this ia many ways. Taking, for 
example, the best form of pow or entrance which is to 
be given to fast ships, we find Mr. Scott Russell con- 
tinually discussing this in its relation to the abstract 
form of least resistance in water ; asubject concerning 
which his British Association experiments undoubtedly 
elicited invaluable information, and he himself has no 
less certainly put forward some of the most profound 
and beautiful theories ever developed. Yet we venture 
to say that under no circumstances can the best form 
of a ship’s bow be truly determined, in disregard of the 
nature and weight of the material of which it is to be 
formed; and from the moment when it became neces- 
sary, or was supposed to become necessary, to cover 





the whole length of a ship with armour to any depth 
whatever, the necessity arose for materially modifying 
the form and character of the bows of our ships to suit 
these altered circumstances. in, taking the modern 
question of the dimensions of iron-clads into consider- 
ation, it will be found, if we mistake not, that at the Royal 
Institution, the Institutions of Civil Engineers and Naval 
Architects, and elsewhere, Mr. Scott Russell projected 
enormous ships as essential to the carrying of 8, 9, and 
10-inch armour; and although in the work before us 
these views are somewhat softened down, in the pre- 
sence of such designs as those of the Bellerophon and 
Hercules, still the obvious tendency of the author’s 
mind was to draw abstract theories too readily and 
authoritatively into the sphere of practical work. And 
we are of opinion that the same remark may be made 
in reference to his various observations on turret ships, 
which, although moderate and sound in many respects, 
everywhere avoid that actual comparison of what is 
really possible, weight for weight, in the broadside and 
turret systems, upon which the decision of responsible 
persons must rest more immediately than upon any 
other consideration whatever. Nor, while taking ex- 
ceptions, can we pass over the singular nomenclature— 
we had almost said jargon—with which the author has 
disigured what is really a very original and beautiful 
mode of treating the stability of ships. In the chap- 
ters on this subject we find paragraphs headed “ Power 
and Properties of Shoulders,” “ Round Shoulders,” 
“Inclined Shoulders,” “ Triangle, two Wet Angles,” 
and so forth. And, as the last faults that shall be 
mentioned here, and for which the publishers and not 
the author are probably responsible, we must complain 
of the unwieldy dimensions of the volume of “text,” 
and the large size of the type generally, while some 
information of great importance (such as the speeds 
of Her Majesty’s ships) is printed in a type and with 
a degree of closeness that render it exceedingly diffi- 
cult to refer to. us 

We do not consider that the fleets of the future will 
be to any large extent moulded upon the authority of 
this mts that result, we fear, is but a too sanguine 
anticipation of the author; but at the same time we 
have no doubt whatever that the naval construction of 
the future will be very materially influenced by it. It 
is the fashion in many quarters, we know, to admit 
the undoubted and undoubtable genius and ability of 
Mr. Scott Russell, and at the same time to decry all 
his works as failures, This, however, is most unjust. 
There are many professional improvements of which he 
has been the first and indomitable pioneer. No man 
has ever done so much to a simplify, and 
cheapen the construction of our ships as he has done in 
the structure of the Great Eastern, the Annette, and 
other vessels built by him; and at the last meeting of 
the Institution of Naval Architects, Mr. Reed, the 

resent Chief Constructor of the Navy, spoke of Mr. 
Russell’s labours in that respect as those of which any 
professional man might well be proud, and implied 
that the improvements made in the Bellerophon in this 
particular respect would probably have been mucb less 
extensive but for the noble example which had been set 
in the Great Eastern. In fact it is hardly saying too 
much, probably, to assert that in this branch of ship- 
building the mere instincts and first thoughts of Mr. 
Scott Russell are sounder and more valuable than the 
most matured knowledge of many who are nevertheless 
ractising the art with success. And as regards the 
corms of vessels also, there can be no doubt that in the 
main Mr. Scott Russell’s principles are as sound as 
they are original ; and there are but few men so capa- 
ble as himself of limiting and modifying them to meet 
shifting circumstances, whenever he can _ restrain 
the natural impetuosity and ambition of his mind 
sufficiently for the purpose. 

For these reasons we regret that on this occasion we 
can do but very imperfect justice to the work before 
us, although we shall be tempted no doubt from time 
to time to return to it, and bring to the notice of our 
readers some of its principal disquisitions. We must 
say, however, that it is a magnificent production, most 
copious and original in its treatment of every —— 
discussed, abounding with suggestive and costly illus- 
trations, and admirably well adapted to accomplish its 
main object, that of instructing and stimulating the 
minds of the rising generation of naval architects and 
marine engineers. tts one great defect, namely, a too 
dogmatic and oracular mode of putting everything, is 
balanced by so much real vigour and power of thought 
that, although there may be a few weak minds incapable 
of discriminating between what is wholly true, and 
what is but partially true, or not true at all, its general 
effect will be to awaken in the minds of most that habit 
and power of thought which are, after all, immeasure- 
ably more valuable now-a-days than any nice and timid 


adherence to established rules. We doubt if so large 
and costly a work, with all its many merits, will com- 
mand an early sale to any great extent, but we are 
quite sure that it will have a permanent one. We are 
equally sure that those who will feel most indebted to 
Mr. Scott Russell for the labour and pains he has be- 
stowed upon it, are those who are the most capable of 
appreciating the thought and knowl -dge with which it 
ahvente, It is a monument which will endure lon 
after its author has passed away, and like himself will, 
notwithstanding some imperfections, become more 
and more esteemed hereafter. 








Treatise on Iron Shipbuilding: Its History and Progress as 
comprised in a Series of Experimental Researches on the 
Laws of Strain; the Strengths, Forms, and other Con- 
ditions of the Material ; and an Inquiry into the Present 
and Prospective State of the Navy, including the Experi- 
mental Results on the Resisting Powers of Armour Plates 
and Shot at High Velocities. By W1ti1AM FarrBairn, 
Esq., C.E., LL.D., F.R.S., &c. &e. &c. London: 
Longmans, Green, and Co. 1865. 

In addition to the experience of a lifetime in the art 
of construction in iron, Mr. Fairbairn has long enjoyed 
unusual facilities for the collection of the contemporary 
experience of others. He was long ago (although we 
are referring only to that period when he was a middle- 
aged man) an earnest seeker after physical truths, and he 
was then, as now, not only sendy.bes desirous to spread 
as widely as possible all the knowledge he had gained. 
From the moment when an individual begins to address 
the public, he becomes himself a public man; to con- 
tinue so for at least as long a time as the period of his 
public communications; if not, indeed, historical through 
alltime. Mr. Fairbairn first experimented, and then 

ave his results to the public through the Manchester 
iterary and Philosophical Society, afterwards through 
the British Association, and finally through the Royal 

Society itself. All this—irrespective of his important 

professional engagements in the design and construc- 

tion of almost every class of machinery, and of many 
of the works more exclusively appropriated by the pro- 
fession of the civil pore wont we say, of his public 

contributions to science thus made him, not merely a 

— man, but a public instructor; and as such, 

undreds, possibly thousands, of other inquirers or 
practical engineers have for years been not merely 
ready, but delighted to correspond with him, contri- 
buting what they could, and receiving whatever of his 
stores of knowledge he could at the moment return to 
them. Mr. Fairbairn’s correspondence, which—and 
he is a man now venerable for his years—he still con- 
tinues in his own hand, and with all the genial feeling 
of youth, is very extensive. From his position, although 
the head of large engineering works, he has had every 
opportunity of generalising, and his writings, which 
are now —if such a comparison can be pardoned—almost 
as voluminous as they are valuable, are always distin- 
guished by a sincere regard for broad principles, and 
_ we think, wholly free from the prejudices of a 
craft. 

In his new work Mr. Fairbairn very rapidly goes 
over the history of iron shipbuilding, introducing, how- 
ever, something here and there from his own know- 
ledge. On page 8, the author begins the consideration 
of the strains to which ships are subjected in a sea-way. 
That the “ liquid rollers,” as Mr. Fairbairn aptly terms 
the waves, making their way under a ship’s bottom, 
act upon the ship in the manner of a moving load along 
a girder, must have long ago been perceived by prac- 
ticalmen. As early as 1852, Mr. Bourne, in his work 
on the Screw Propeller, compared the hull of a ship to 
a bridge girder, and showed that both required to be 
designed upon the same general principles. But we 
are assigning no priority as to the idea itself. It would 
soon occur to most constructing engineers when the 
circumstances of a ship in a heavy sea were first sug- 
gested to them. 

Mr. Fairbairn, with a full knowledge of Professor 
Rankine’s attainments, appears quite ready to adopt 
the result of his investigations, as to the extent of the 
straining action of the sea upon a ship’s hull. Pro- 
fessor Rankine, after a good deal of mathematical 
reasoning, concludes that the most severe bending 
action which can act upon a ship afloat, viz., that which 
takes place when she is supported amidships upon a 
wave crest, and dry at the ends—cannot exceed that 
due to the weight of the ship with a leverage of one- 
twentieth of her length, and the racking action cannot 
exceed about sixteen one-hundredths of her weight. 
Mr. Vernon, the eminent shipbuilder of Liverpool, 
whose conclusions Mr. Fairbairn adopts, has worked 
out the application of these constants to large ships of 
given sections of material in their hulls, and he finds 





that the greatest bending strain, as tension, is a little 
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under 4 tons per square inch, the “ thrust ” (compres- 
sion) 2 tons 7 ewt., and the racking stress less than a 
ton per square inch, so that we may conclude that, 
in any circumstances, an iron ship, with plenty of sea- 
room, is even safer than an iron railway bridge, espe- 
cially if its span equal the length of the ship. “ But,” 
it will be said, “an iron ship is for ever being strained, 
first one way and then the other, and these alternations 
of strain must count by millions in number within the 
life of a ship.” So Mr. Fairbairn, some years ago, tried 
the effect of repeated applications of a given load to a 
beam of known breaking weight. The joints of an iron- 
riveted beam were found to sustain 3,000,000 changes, 
or repeated applications of a load equal to one-fourth 
of the known Gosling weight, and this without any 
apparent injury to its strength. Then the load was in- 
creased to one-third of the estimated original breaking 
weight, and, after 313,000 repetitions of the strain, the 
beam broke down, showing that the effect of a mode- 
rate strain, sufficiently often repeated, was in time as 
destructive as the full breaking load of the beam when 
new. And, although iron railway bridges are “ passed” 
by the Board of Trade inspectors, where the strains, 
under maximum loads, do not exceed five tons per 
square inch, Mr. Fairbairn believes that this strain, 
being exerted alternately in opposite directions in the 
same sections of the ship, is too great. The destruc- 
tive number of alternations might not take place in a 
single storm, “ but,” says the author, “the destructive 
effect goes on accumulating in the course of years. 
Hence, it is highly desirable that iron ships should be 
built much stronger than they are at present.” It does 
not require that any one expressing such an opinion as 
this shall have merely built or sailed iron ships; and it 
is not, we think, for shipbuilders, however skilled in 
construction, to gainsay it, for it rests upon a class of 
evidence derived from experiments such as few, if any, 
engineers other than Mr. Fairbairn have ever under- 
taken, and the results of which appear to be conclusive. 
Considering the section of a ship as that of a girder 
with three flanges corresponding to the iron in the 
upper and lower decks and in the bottom—the web and 
depth of the girder being represented by the iron in 
the sides of the ship—Mr. Fairbairn expresses, alge- 
braically, the strains acting upon it. But, without 
giving the numerical results, we may say that the form 
of an iron hull and the nature of the strains to which 
it is subjected, must prevent more than an approximate 
application of the conclusive laws of strains which 
govern the proportions of plain girders or beams. In 
the work itself, to which we must refer our readers, 
the investigation of the various strains, upon the theory 
of a girder, is carried out in considerable detail. Ina 
further notice of Mr. Fairbairn’s work we shall have 
occasion to notice his conclusions as to the construc- 
tive details of shipbuilding. 








The Life, Times, and Scientific Labours of Edward Somerset, 
second Marquis of Worcester; to which is addéd a Re- 
print of his “ Century of Inventions” (1663), with a 
Commentary thereon. By Henry Dircks, Esq., C.E. 
London: Quaritch. Royal 8vo. 

Mr. Drrcks, in a work, which displays a high order of 
literary ability, careful antiquarian research, much in- 
genuity, and, withal, thorough honesty of purpose, gave 
to the world, something like a year ago, an elaborate 
personal history of Lord Worcester, the reputed in- 
ventor of the steam engine. It is almost exactly two 
centuries since the death of the noble but unfortunate 
marquis—noble by birthand by many attested virtues, yet 
unfortunate in lifeandin history. So long as the Steam 
Engine shall exist, the name of Worcester will, in all 
likelihood, be associated with it; yet it is difficult, and 
Mr. Dircks’s almost exhaustive (and in point of artistic 
and typographical merit, admirable) work fails, we think, 
to connect that nobleman with its invention in a practic- 
able form. We regret this, and most engineers will share 
our regret, that there is so little to identify the English 
nobleman-engineer with an invention which, in common 
conversation, we are all so ready to ascribe to him. In 
Whitbread’s brewery, in Chiswell-street, there is a 
venerable engine, stil at work, the second, we believe, 
erected by Boulton and Watt, in London, the first having 
been set up at the Albion Mills, Borough. The old 
engine in Chiswell-street has, of course, been almost 
entirely reconstructed, bit by bit, yet, like the knife of 
perennial anecdote, it is still the original entity—the 
old engine of 1785. In the engine-room hangs a 
silvered and engraved plate mounted in a frame, which 
begins thus: “The Steam Engine was first invented 
“by the most noble Edward Somerset, Marquis and Earl 
“of Worcester, 1665, Improved by Captain Thomas 
“Savery, 1699,” &c. &c. Not that we need go toa 
brewery for such an extract from written tradition, but 
this extract appearing with its context as it does, 





possibly with the sanction, originally, of Watt himself, 
records a wide-spread belief among engineers. 

Now, in doubting whether Lord Worcester was, in 
reality, the inventor of the steam engine, although 
not whether he supplied, by suggestion merely, an 
essential principle of its action, we are anxious not 
to disparage, in any way, the literary and historical 
value of Mr. Dircks’s book. Whether Worcester 
was, in any sense, a great inventor, it is now beyond 
question that he was, not merely by title, but by 
nature, a noble and honourable, as well as an inge- 
nious man; and his life, told as Mr. Dircks has told it, 
is one of much interest. His “ Century of Inventions,” 
although dedicated to King Charles II., was, in its 
author’s own words, written only “for the superficial 
satisfaction of a friend’s curiosity.” The “ friend,” 
we may suppose, could not have been a man of much 
depth of thought, for the ‘ Century” is so worded as 
either to provoke the accusation of quackery, or “ stuff,” 
or to excite curiosity, instead of satisfying it—provid- 
ing any one took its propositions seriously into con- 
sideration. The sixty-eighth proposition, in order, re- 
lates to “an admirable and most forcible way to drive 
“up water by fire,” clearly, upon its author’s indistinct 
account, by the pressure of steam. Now, as a mere 
conception, there was, no doubt, originality in this. 
Mr. Dircks, who has apparently bestowed the greatest 
pains upon the verification of dates, and in establishing 
the correlation of contemporary matters, mentions the 
probability that Lord Worcester, whether living in the 
Savoy or at Raglan Castle, possessed and habitually 
read the writings of Vitruvius, Hero of Alexandria, De 
Caus, John Bate, &c., all reprinted, or for the first time 
printed, in Latin, French, or English, some years before 
the “Century.” Mr. Bennet Woodcroft’s excellent 
republication of Hero’s writings, dedicated to the late 
Prince Consort, is now, perhaps, out of print, yet many 
engineers have it by them, and it may be consulted in 
many libraries. De Caus’s work was well known in 
1655, published as it had been in different editions 
in Heidelberg and at Paris. From these books, read, 
as they were almost certainly read, by Lord Worcester, 
his ingenious mind would have little difficulty in form- 
ing some such scheme as is rather indistinctly set forth 
in the sixty-eighth proposition of the “Century.” But 
Mr. Dircks, with a want of cohesion, we think, seeks to 
identify this proposition with the marquis’s machine 
for raising water, actually made and worked by him on 
the south bank of the Thames, apparently not far from 
the present site of the old works of the London Gas 
Company. In the “Century,” the noble author speaks 
of having seen the water forced to a height of 40 feet, 
and it happens that contemporary accounts mention 
“forty geometrical feet” also, as the height to which 
the water was raised by the machine at Vauxhall. 
Dr. Hook, writing to Boyle, ridiculed this machine, 
which he had seen, as being apparently “one of the 
“perpetual motion fallacies,’ and Lord Brereton had 
made a bet of 5/. that it would not succeed. Dr. Hook, 
in general terms, also described, in his letter, an in- 
vention which he referred to Scottus’s “ Mechanics,” 
and which was no more than the rotary pump patented 
some forty years ago by Mr. Siebe, and now known in 
the States as “Cary’s pump,” and used in some of the 
American ‘steam fire engines, and also in the blast 
machine so much used in the States, and known as 
“ Mac Kenzie’s blower.” But Dr. Hook said nothing 
of boilers, steam cocks, pressure, or condensation, in 
his mention of the Vauxhall machine. He went, he 
said, “to laugh at it,” and he appears to have come 
away laughing, although his visit was at about the time 
of the marquis’s death (1667). But in 1664, M. 
Sorbiére, a French hydrographer, had paid a flying visit 
to England, and, besides a great deal else, he, too, had 
seen the machine at Vauxhall. He observed that it 
would raise water, “by the strength of one man,” to 
the height of 40{t. He says nothing of steam. ‘The 
quantity raised, “by the strength of one man,” toa 
height of 40 ft., was “four large buckets,” in “ the 
“space of one minute of time.” Now, could we only 
know what was reckoned a “large bucket” of water, 
we could soon see whether it was the mere strength of 
the one man, or some other power that accomplished 
the work. We are forced to guess what the buckets 
were,—let us guess three gallons to the bucket, although 
we are of course open to correction. Four such buckets, 
raised 40 ft. per minute, would represent only 4800 ft.- 
pounds of mechanical work, which, with a good ad- 
ditional allowance for friction, would be quite within 
the strength of a man of ordinary muscle. M. Sorbiére 
appears to have been a careful and an intelligent ob- 
server, yet he remarked that a more “ powerful help to 
“the wants of the public” would probably be found in a 
two horse whim, then about to be set to work for raising 
water at Somerset House. 





In 1669, Cosmo de Medici, Grand-Duke of Tuscany, 
travelled in England, and, like many travellers, wrote, 
or compassed the writing, of a book on his return to 
Italy. He, too, saw the Vauxhall machine, then more 
than five years at work. It raised water “ more than 
“forty geometrical feet”—not by steam, from anything 
that appears, but “by the power of one man only.” 
Confirming Sorbiére’s account, De Medici stated that 
“in a very short space of time” the machine drew up 
“four vessels” of water to that distance, viz., 40 ft. 
Now, if the man worked by “ shifts” with others, so as 
to keep the machine going for twelve hours a day, 8640 
gallons would be raised to a height of 40 ft., and it is 
not clear that more than this daily quantity was then 
required by those who received their water, under a 
“high service,” at Lambeth. The population was not 
great, and the consumption of water, where raised 
artificially, was no doubt small. But there is no evi- 
dence that the machine was continuously used for any 
purpose of water supply. 

If we argue the case upon probabilities, there are 
strong but conflicting inferences to be drawn. It seems 
unlikely that the marquis would have sought and ob- 
tained a special Act of Parliament, conferring upon 
him the monopoly of his ‘‘ Water Commanding Engine:” 
strange that he should have composed his impassioned 
prayer of thanksgiving; strange that he should have 
resolved to have a model of his invention buried with 
him, had it been only a manual machine. But there 
have been innumerable instances of infatuation where 
seemingly great powers of contrivance were combined 
with notable weakness of execution. On the other 
hand, it seems not less remarkable that an invention, 
for which its author claimed so much, should have 
never attracted serious notice, and obtained a careful 
description at the hands of the contemporary founders 
of the Royal Society, or of the other clever writers of 
the period. The invention certainly never attained any 
permanent result of value, at least in the seventeenth 
century, whatever Savery might have done afterwards. 
And Mr. Woodcroft has taken the pains to ascertain 
that no model of the “‘ Water Commanding Engine,” or 
any other model, was buried in the marquis’s grave at 
Raglan. 

We confess to disappointment, not with the author 
of the admirable work under notice, but a disappoint- 
ment at the fact, that despite all that has been so often 
repeated, and so widely believed, it does not at all 
appear that amy steam apparatus whatever was at any 
time practically applied by Lord Worcester to the 
raising of water. Here we have an elaborate—although 
of course not a completely exhaustive—account of his 
life; at any rate the most complete account of him 
ever likely to be written—a work filled with abundant 
evidence of the most painstaking research, a work 
written in a generous and sympathising spirit, and 
with every attribute of conscientiousness. Yet we do 
not find anything, in point, beyond occasional sug- 

estive facts that the Marquis of Worcester might 
iave done a little, practically, with steam as a motive 
power in raising water. We are willing to admit that 
the sixty-eighth proposition in the “ Century” would 
apply well to Savery’s engine, but so, too, it might be 
made to apply to an impracticable contrivance, but as to 
the practicability of which many an ingenious, although 
incompetent, man might deceive himself. It is almost 
useless to forcibly stretch its application, for it is 
vague and indistinct in description, and we should but 
open the door to quackery if we ascribed real merit 
upon the strength of words of doubtful meaning ; 
words, especially, written more than two hundred years 


0. 

Then there are the curious vertical grooves, a foot 
wide, and 40 ft. high, in an outer wall of Raglan 
Castle—grooves at which thousands have wondered, as 
other thousands have wondered at the ABRACADABRA 
of a “ Pentacle,” or at recesses, partially closed by 
brickwork, in the inner walls of ruined abbeys and 
convents. Now the grooves in the walls of Raglan 
Castle may indicate any one of many things. ‘The 
may have received the gear of the drawbridge to whic 
they are near. They may have served some purpose of 
waterworks actuated by hand. They may have been 
formed in pursuance of some experiment which termi- 
nated unsuccessfully. But no logical mind would 
conclude that because these grooves might have received 
pipes connected with apparatus for raising water by 
steam, therefore water was raised, practically, by steam. 
Indeed, after what Mr. Dircks has shown us, we must 
say that the Marquis of Worcester’s connexion with 
the steam engine, in any practicable form, is wholly 
inferential. But, in saying this, we do not wish to 
detract at all from Lord Worcester’s real claims. He 
was a most ingenious man; he employed his skilled 
mechanic, Caspar Kaltoff, for nearly forty yeass, in work- 
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ing at his schemes, and he spent in all many thousands 
—perhaps we should say many hundreds of thousands 
—of pounds, in working some of them out practically. 
A hundred thousand pounds, two centuries ago, was 
almost, if not quite, as much as half a million, or even a 
million, now. Yet we are not to assume that because 
so much money was spent it gave any useful return. 
Indeed, we cannot now trace a single useful invention 
clearly to the Marquis of Worcester, nor has Mr. 
Direks done so, although he has shown such an 
admiration of his hero as to indicate that he would, 
if he conscientiously could, give him the full credit 
for the invention of the steam engine. With an 
evident wish to do the best for him, Mr. Dircks 
is (and we regret it for the sake of history) unable 
to supply one single drawing of any contrivance 
approac =" the steam L invented by the noble 
marquis. Knowing that the “ unparalleled workman, 
“both for trust and skill, Caspar Kaltoff,” was for 
thirty-five years constantly engaged in costly experi- 
ments for the marquis, one would like to know what 
was the state of mechanical craft at the time. Mr. 
Bennet Woodcroft, fortunately, can show very well 
what it was. He, by a lucky series of accidents, 
lately rescued from oblivion two copies of a work by 
Sir + heme Morland, an admirzble miniature likeness 
of the worthy knight, an actual calculating machine, 
made for Sir Samuel in his own time, exactly corre- 
sponding to the description in his own book. The 
workmanship of this is excellent, and shows what could 
be done two centuries ago. Those interested in such 
matters may obtain a view of the whole series by ap- 
plying to Mr. Woodcroft. It has become a belief, of 
ate years, that our ancestors of a few generations ago, 
were ignorant of all upon which we most pride our- 
selves—utilitarian and exact knowledge. A little 
research will show that there was much in the time 
of the Commonwealth, and in the reigns of the 
Charleses, to stimulate an even less excitable genius 






































THE PROPOSED CHANNEL FERRY. 


Tue phrase “ London to Paris in ten hours” is one 
which is familiar to most of us, yet, notwithstanding 
the well known shortness of the time in which a trip 
between the two capitals can be performed, there are 
many people who regard the journey with a certain 
amount of dread, arising in a great measure from the 
discomforts attendant upon the passage across the 
Channel. We are sure, therefore, that the proposal for 
forming a Channel ferry, which is now before parlia- 
ment, is one which, if properly carried out, will meet 
with great public favour. It is intended that the 
steamers forming the ferry shall be one-third longer than 
those now running between Holyhead and Kingstown ; 
that they shall be roofed over, and that the trains 
—coming, say, from London—shall be run bodily on 





to their decks, carried across the Channel, and tran- 
shipped to the French lines on the other side. The 
new boats are, under ordinary circumstances, to per- 
form the passage in one hour, during which time the 
passengers may either remain in the carriages or avail 
themselves of the waiting and refreshment rooms with 
which the steamers will be furnished. The Custom 
House officers can also examine the luggage during 
the passage; and it is expected that the whole journey 
from Loaten to Paris can thus be performed in eight 
hours. In order to carry out the scheme, for which 
the capital is already provided, it will be necessary 
to deepen the harbour and lengthen the pier at Calais; 
and these works have already been authorised by the 
Emperor of the French. At Dover some slight works 
will suffice, and the requisite notices of a bill to use 
the harbour and pier have been given. Owing to the 
great size of the steamers, it is expected that little 
inconvenience will be caused by the short chopping 
seas of the Channel. Mr. J. Fowler is the engi- 
neer, and the Earl of Malmesbury is stated to be the 
chairman of the company. It is expected that the 


THE IRON-CLAD FRIGATE BELLEROPHON. 


THE accompanying engravings represent the principal details 
of construction of the Bellerophon, the general features of which 
ship are described in another column: 

Fig. 1 shows a vertical section of the stern framing, with the 
balanced rudder and the screw shaft tube. The balanced rudder 
is so pivoted, that one-third of its area is before and two-thirds 
are abaft the centre line of the pivot. It is supported at the head 
on the stout solid transverse frames of the sliip by means of a 
collar keyed to the rudder head, and working on a series of 
conical rollers, somewhat after the fashion in which the rudder 
of the Niagara frigate and other American vessels is supported. 
The tiller which works the rudder is shown broken off on the fore 
side of the rudder head, and the locking plate on the aft side. 
All these details are protected by the armour, which is complete 
as high as the deck above them. Under the counter of the ship 
outside is a forged block or collar of iron, intended to receive the 
upward blow of the rudder should the ship strike the ground at 
that part, the liability to which is got rid of as far as possible by 
keeping the heel of the rudder above the level of the keel. The 
rudder itself is formed with a stout angle-iron box shaft extend- 
ing from head to heel in the line of the rudder head, so that the 
rudder may form a sort of sternpost for transmitting the blow 
to the collar under the counter. No part of the weight of the 
rudder is borne by the keel plates at the heel of it, which appear 
to be very slight in the engraving, but these keel plates spread 
out horizontally in the form of a broad fan, so as to give lateral 
— to the rudder heel, and resist the strain thrown on the 
rudder when put over to a large angle with the ship at speed, 
These keel plates are firmly secured to the heel of the solid stern- 
post on the fore side of the screw aperture, The head of this 
sternpost is spread out horizontally in order to afford a large 
surface to receive its connexions with the framing and plating of 
the hull. Into the sternpost, near the head, is introduced a 
3-inch tube, built up of Low Moor plates, and of the full length 
of the engineers’ brass tube for the screw shaft packings. is 
thick iron tube is connected with a series of seven transverse 
frames, which are attached to it all round its circumference by 
means of angle irons, and on the outside of these frames the 
plating of the bottom is worked. The thickness of the post is 
Just sufficient to allow all the riveted work to be conveniently 
got at inside as well as outside, down to the very heel of the 


ship. 

Fig. 2 is a transverse section taken through Fig. 1 between the 
rudder and the sternpost; and Fig. 3 is a similar section taken 
through one of the frames which enclose the iron tube. 








than that of Edward Somerset, Lord Worcester. 


ferry may be brought into operation in two years’ time. 








Fig. 4 illustrates the manner in which the stem is formed, 
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supported for ramming, and connected with the keel. It isa 
massive forging, shaped with an angle for striking an enemy 
below her armour; the light single line starting upwards from 
the point of the stem indicating the light, masking iron-head, 
which has recently been fitted to the ship to reduce the plough- 
ing action of the bow as the ship moves through the sea. The 
horizontal pointers are continuations of the longitudinal frames 
of the ship, which abut against the stem, and, being filled in 
solid with horizontal plating, really bring the whole strength of 
the ship’s frames as far as possible to the support of the 
stem. 

Fig. 5 is a section at the foremost end of the keel, and shows 
also how the bow plating of bottom laps onto the stem. This 
plating is double in the Bellerophon for 30 feet from the stem, 
consisting of two #-inch thicknesses on each side, so that the 


Tue East Inpran Rattway.—The whole 
line from Calcutta to Delhi has been worked 
without interruption since the completion of 
the great bridge over the Jumna at Allahabad 
on the 15th August last. When we say from 
— to ry a - points re- 
spectively on the Hooghly and Jumna, o 
site thoes two cities. It is antici ated that the 
line will be opened into Delhi within the pre- 
sent year; and a scheme involving an outlay 
of one and a half millions sterling is under 
consideration by the Indian Government and 
the East Indian Railway Board for a bridge 
over the Hooghly and a central station in 
Caleutta. The average length of line in work 
for the half year ending in June was 1111} 
miles; and Messrs. Brassey, Wythes and Perry 
are already engaged in the construction of the 
new chord line, which will add greatly to the 
extent, as well as the traffic of the East Indian 
system. 

Tue “ 300-PounDER” Wootwicu Gun.— 
It is understood that more than 200 coil-built 
smooth bore guns, made at Woolwich and 
Elswick, and of a weight of 12 tons each, and 
of a bore of 10} in., are now awaiting the 
fitting within them of 9-in. steel inner tubes, 
which will then be the regulation calibre ot 
these guns when finally issued to the navy. 
The Royal Sovereign’s five turret guns are to 
be bushed in the same manner. 

New Hypravtic Cement —It was stated 
by M. Henri Saint-Claire Deville, at a meeting 
of the Academy of Sciences, held on the 4th 
ult., that an excellent hydraulic cement can 
be obtained by heating dolomite to not less 
than about 570°, nor more than 720° Fahr., 
and then making it into a paste with water. 
Dolomite, commonly known as “ magnesian 
limestone,” is a double carbonate of magnesium 
and calcium ; it forms part of the oolitic system 
of the Alps, and the crystallised magnesian lime 
stone of Nottinghamshire, Derbyshire, York- 
shire, and Durham is of the same character. 

Tue Aaincourt’s Enarnes. — Probably 
the greatest indicated power ever yet exerted 
in a single pair ef engines was that attained 
on the recent trial of the Agincourt. With 
a nominal power of 1350 horses, the indicated 
power was 6867. With half boiler power, 3115 
indicated horse power was obtained. The full 
piston speed, with 61} revolutions per minute, 
and 4 ft. 4 in. stroke, was 533 feet per minute. 

InpIAN Freicuts, CoAL AND LABouR.— 
Since the line of the Bombay, Baroda and 
Central Indian Railway was first begun, out- 
ward freights to India have risen from 15s. per 
ton to 55s. per ton, the cost of coal at Bombay 
from 30s. to 44s. per ton, and the cost of labour 
has increased fourfold. 


Tue Scorcu Rariways rx PARLIAMENT.—The Caledonian 
Company proposes 18 new schemes, for making in the aggregate 
132 miles of railway and raising 4,933,500/. new share capital, 
together with 1,644,500/. borrowing powers. The North British 
has 12 schemes, for making 90 miles of railway and raising 
2,815,000/. additional capital on shares and 938,300/. on loan. 
The Glasgow and South Western propose four new schemes, for 
105 miles of railway, requiring 1,972,000/. share capital and 
657,300/. borrowing powers. In the last Session of Parliament the 
Caledonian were authorised to raise 2,041,500/. share capital for 
new schemes; the North British to raise 1,780,990/., and the 
Glasgow and South Western 1,826,600/., making together an 
additional share capital of 5,649,000/., and with the 12,000,0002. 
they propose for new schemes in the ensuing Session something 
like 18,000,002. of new share capital will be required from the 
shareholders, who are making a strong remonstrance. 














total support given to the stem is enormous. The heel of the 
stem is formed with a fork, between the arms of which the ver- 
tical keel plate lies, and upon which the angle irons that connect 
the keel and stem rest. Above the height shown in fig. 4 the 
stem is strongly supported by the decks, the skin plating, and 
the armour. 

Fig. 6 is a plan of the main deck, showing the positions of the 
guns and of the battery bulkheads. Fig. 7 is a midship section 
of theship. The a of the armour, backiny, and side 
is explained in our other article on the ship. The bottom 
framing consists of a series of deep longitudinal frames running 
throughout the length of the ship, and made solid and water- 
tight at the middle line and at the foot of the wing-passage 
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bulkhead. These longitudinal frames are crossed on top by 
transverse frames which receive the plating of the inner bottom, 
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and also run up increasing in size, and form the frames behind 
the armour. Underneath each of these frames, which are 4 feet 
apart below, are placed pieces of angle iron between the longitu- 
dinals lying on, and riveted to, the outer bottom plating, and 
other upright short pieces lying against, and riveted to, the longi- 
tudinals. Then the bracket plates, shown clearly in the en- 
graving, are riveted to all these frames and angle irons, thus 
connecting the plating of the outer and inner bottoms, the longi- 
tudinals, and the angle irons into one connected system. At 
intervals of 20 feet the bracket frames are replaced by solid 
frames made water-tight, which thus divide the double bottom 
into a series of independent cells, each large enough to be easily 
got into and painted, or cleaned, and yet small enough to allow 
any one, or even several of them, to be breached by rocks with- 
out endangering the ship. 


Tue Patent OrFick.—ABRIDGMENTS OF 
Sprcirications. — The abridgment of the 
patent specifications relating to the steam 
engine, was long ago authorised by the Patent 
Commissioners, and much progress has been 
made upon it. It is greatly wanted by those 
of the public who are interested in inventions 
: relating to steam. The abridgment is being 
\ prepared by Mr. Robert Meikleham, now a 

: venerable author, although but little known 
by his real name to the public. Over the pseu- 
donym of “ Robert Stuart,” he wrote the well- 
known, although now scarce, “ Anecdotes of 
the Steam Engine,” and he has written, in 
all, fifteen or sixteen scientific works, under 
various nom de plumes, one of which was 
“ Walter Burnand.” 

Tue New Gasworks FoR THE CITY OF 
Lonpon. — The committee of the Common 
Council of the City of London, appointed to 
consider the question of an improved supply of 
gas, recommended, early last month, a site on 
the north barik of the Thames, about six miles 
below the city. The estimated cost of the 
a ae site, together with works and mains 

or supplying the whole city, is said to be but 

425,000/. ‘The parliamentary plans have been 
lodged, and the fate of the new scheme will be 
watched with unusual interest. 

Tue QuEEN’s Pension To Miss Roperts. 
—There are many of our readers who will learn 
with sincere pleasure of the Queen’s munificent 
grant of a pension of 206/. per annum out of 
the Civil List to the daughter of the late 
Mr. Richard Roberts, whose inventions and 
life-long labours as an engineer contributed so 
much to the wealth of Great Britain, Apart 
from the public services thus graciously recog 
nised, pe in some small proportion rewarded, 
the character of the i iat ipient—a 
young lady who has sacrificed so much of 
personal ease, and even of health, to the pre- 
servation of her father’s fame— gives to the 
grant an additional fitness and significance. 
A committee of Lancashire gentlemen had 
already purchased a small annuity for her, and 
a few hundred pounds had been raised and 
applied to her use, as a testimonial to her 
father’s services, by a London committee acting 
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Mh in conjunction with the Society of Arts. Miss 


Roberts’s health was giving way, and she has, 
besides acute mental distress, been lately almost 
beyond the help of physicians. The royal bounty 
has not come one moment too soon, and we 
only trust it may be long enjoyed. 
CLEVELAND Irnon.—On a late occasion, at 
one of the meetings of the ironmasters at Mid- 
dlesbrough, there were no sellers in the market, 
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An Enornereinc Impracticapruity At Last.—The 
Darlington and Stockton Times says of the Ferryhill branch of 
the North-Eastern Railway :—‘ The engineers have, we under- 
stand, met with difficulties of so formidable a character, that 
they have come to the conclusion that it is absolutely imprac- 
ticable to construct the line from Bishop Auckland branch to 
Ferryhill. The engineering obstacle which has been encountered 
is said to be near Littletown, and a considerable deviation will be 
required in order to surmount the difficulty. It is now too late 
to apply to Parliament for the necessary powers to effect this 
deviation, and we are afraid, therefore, that there is a very poor 
prospect of the work being speedily completed this year. The 
only possible way of getting over the difficulty would be for the 
company to obtain the consent of Lord Boyne to the proposed 
deviation, and induce Parliament to suspend the standing orders 
relating to railway bills.” What can this difficulty be? 








and but few firms could keep up with their 
orders. 


PaRrarrin. — We learn that Messrs. Baird Brothers, the 
great ironmasters of Gartsherrie and in Ayrshire, are about to 
establish fin works as large as, if not larger, than those of 
Messrs. Young, at Bathgate. The new works will, we believe, 
be near Gartsherrie, 3 : 

Toot Street. —The great secret of working tool steel is 
strong hammering, and, in hardening, placing it under a power- 
fal jet of water. Krupp’s, or Naylor, Vickers and Co.’s steel 
tyres, after many thousands of miles run, require a very strong 
and hard steel for turning. On the North London and other 
lines of railway, Mushet’s “‘ cyanogen steel” is found to possess 
these properties in a high degree, being, in fact, weldable, and 

et capable of taking an edge of intense hardness and strength. 

essrs. Naylor, Vickers and Co. themselves make a quality of 
tool steel which, although the price is high, is held in great 
favour by locomotive engineers who have steel tyres to turn. 
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THE BELLEROPHON. 


Tue near approach to completion of the new iron- 
clad frigate Bellerophon, which is to be ready for sea 
by the end of the present month, furnishes a suitable 
occasion for presenting to our readers a reliable account 
of the chief features of this very novel and powerful 
vessel. Whether judged by her offensive and defensive 
powers, or by the agility, so to speak, with which she 
1s capable of bringing those powers to bear upon a 
succession of enemies during an action, the Bellerophon 
is, beyond all question, the most remarkable iron-clad 
yet produced in Europe; leaving America out of the 
question, not because any such sea-going ship as the 
Bellerophon exists in the American navy, but because 
that navy includes various classes of powerful vessels 
which furnish no elements of comparison with the 
navies of Europe. 

From stem to stern, from keel to topmast-head, the 
Bellerophon is a novel and unprecedented structure. 
Her dimensions and proportions are wholly exceptional 
for a high speed iron-clad frigate; her length being 
300 ft., or 80 ft. less than that of the Warrior, and 
100 ft. less than that of the Minotaur—the Warrior and 
Minotaur classes being those in which alone a speed of 
14 knots has been attempted. Her breadth, or beam, is 
56 ft., that of the Warrior being 58 ft.; and while the 
latter ship draws 26 ft. 6 in. of water aft, and 25 ft. 6 in. 
forward, the Bellerophon will draw 26 ft. aft and but 
21 ft. forward. These figures indicate, as will be seen, 
important experiments touching speed and handiness. 
The comparative shortness of the ship is, of course, very 
unfavourable to speed, as even Mr, Reed, the designer 
of the ship, no doubt will admit ; but this disadvantage 
is supposed to be compensated for by giving the ship 
a proportionately large screw propeller and additional 
engine power ; and although the first trials of the ship 
and engines exhibited a singular deficiency in the 
steam power exerted—6000 ind. h. p. being the 
minimum power anticipated, and 4700 all that was 
developed—yet the speed attained was 13.7 knots, 
which is }ths of a knot more than any short iron-clad 
had previously attained in this country, and less than 
that amount short ofthe Warrior’s speed. Itis almost 
to be regretted, for some reasons, that the introduction 
of such novel dimensions and proportions in a ship in- 
tended for high speed, should have been associated with 
a new type of engine; but the importance of economi- 
sing the consumption of fuel in men-of-war is so great, 
that we are not in the least disposed to censure the use 
of economical engines even in this vessel, especially as 
a much greater amount of power would no doubt have 
been developed in the first instance but for the acci- 
dental association of a new form of screw with the new 
form of ship and the new type of engine. So much 
interest attaches to this question, and the subject is so 
little understood generally, owing to the absurd and 
pedantic reticence of the Admiralty on such matters, 
that a few words of explanation will no doubt be in- 
teresting to our readers. 

First, then, as to the screw propeller. This was in- 
troduced in the first instance from the French navy, 
and consists of four blades, each blade being formed 
throughout with two pitches meeting in the middle. 
It has been found to answer exceedingly well in several 
of our iron-clads, and is no doubt a very efficient pro- 
pelling instrument where the steam power per revolu- 
tion of the engine is well proportioned to the power 
delivered by the screw each revolution, Next, as to 
the engines. ‘These, in the Bellerophon, are examples of 
Penn’s magnificent pieces of workmanship, the cylin- 
ders being of about the same size as the Warrior’s, but 
the boiler power very much less, the intention being to 
get the same effective power out of the reduced 
amount of steam, by superheating appliances, increased 
expansion, and surface condensation. True to his 
_ practice, Mr. Penn also purposed to drive these 
arge engines very rapidly, up to 70 revolutions in 
fact, which velocity is essential to the full develop- 
ment of their power. If the double-pitched, four- 
bladed screw had been as will understood a year ago 
as it is now, its alliance with quick-going engines of 
this character would no doubt have been avoided ; but 
in this, as in so many other cases, experience had to be 
purchased by an actual test ; and when the Bellerophon 
was taken out it was found that the screw locked up 
the engines at 57 revolutions, and that 4700 ind. h. p. 
only were developed instead of a minimum of 6000 ind. 
h. p. Under such circumstances the ship obviously 
had no chance of attaining her maximum speed, and it 
must be acknowledged that the attainment of even 133 
knots under such a disadvantage, goes a long way 
towards establishing the soundness of the principles 
upon which a speed of at least 14 knots has been pre- 





dicted with the full power of 6000 horses. We have 
but little doubt that a very great improvement in both 
respects will hereafter be gained with a suitable screw, 
od it is highly satisfactory to know that an experi- 
ment of so much importance is in the hands of a firm of 
such standing and experience as that of Messrs. Penn. 


Returning to the ship, it is to be observed that the 
great difference in her draught of water aft and for- 
ward, while providing for a screw large in proportion 
to the midship section, is also peculiarly well adapted 
for facilitating the turning of the ship under the action 
of the helm. It gives a rudder for turning, and 
a shallow bow to be turned. And this shallow bow is 
formed in the Bellerophon on what is becoming known 
as Mr. Reed’s U section, which is obviously a more 
favourable form for turning under the action of the 
rudder than a bow with fine V-shaped sections pre- 
senting a plane surface almost at right angles to the 
motion of the bow. Not content with all these changes 
of his own, contrived expressly to render his ship 
handy, Mr. Reed has had the boldness to adopt in this 
large ship the differential or balanced rudder, pivoted 
near the middle, which has been known to men of 
science for many years, has long been used in the 
sailing junks of semi-barbarous peoples, has been almost 
universally carried out in the American and Russian 
Monitors and other vessels of war, was tried and sup- 
»osed to have failed twenty years ago in the Great 
Britain, but was never more than played with as a toy 
in the Royal Navy until embodied by Mr. Reed in the 
design of the Bellerophon. In so far as experience 
with the ship under steam goes, all these methods of 
securing that handiness in the Bellerophon of which 
the Warrior. and Minotaur classes are so lamentably 
deficient, have been attended by the most complete 
success; in confirmation of which statement it is only 
necessary to name three facts—first, that the Bellero- 
phon, when at full speed, completely reverses her 
course, without even slowing the engines, in a minute 
and a half; secondly, that after completing her first 
trials she steamed from the Nore to Chatham Dockyard, 
up the winding Medway, at a speed of 11 knots; and, 
thirdly, that when at full speed two men can steer her 
effectively and with ease. 

The structure of the ship is not less novel than the 
foregoing features. From the frame of the ship all 
that needless and costly smith’s work, of which the 
builders of the Warrior and other contractors for the 
Government complained so much, has been swept com- 

letely away, and in place of the heavy and expensive 
ramework of that ship (which, heavy as it was, was 
without the security of an inner skin) has been substi- 
tuted a light system of angle-iron and bracket work, 
connecting two skins from 3 to 4 ft. apart, in a man- 
ner of which engineers cannot fail to approve. In his 
new work on [ron Shipbuilding (reviewed in another 
column), Mr. Fairbairn states thatthe Bellerophon is the 
first ship built upon what he considers sound principles ; 
and Mr. John Laird, M.P., whose sons are building a 
large steam transport for the Indian Government upon 
the same system of construction from Mr. Reed’s 
designs, stated in Parliament that 20 per cent. on the 
cost of labour is saved by this system as contrasted with 
that of the Warrior. The structure of the armour-plated 
portion of the hull of the Bellerophon is also novel. In 
the Warrior a stout framing, plated with 3-in. iron only, 
supported 18 inches of teak, faced with 44-in. armour. 
In the Minotaur a similar framing and plating supported 
9 in. of teak, faced with 54in. armour. The defect 
of both systems Mr. Reed considered to be the weak- 
ness of the skin plating between the frames, which are 
2 feet apart, and in the Bellerophon he has accordingly 
worked two thicknesses of ?-inch plating over the 
entire frame in wake of armour, supporting on this 
teak 10 in. thick, faced with 6-in. armour. On 
the outer thickness of the skin he also has worked ex- 
ternal frames at right angles to the ship’s frames proper, 
thus securing an iron fabric of crossed and double- 
omy angle-iron frames 214 in. deep (the frames all 
eing 10-in.), to give support to the armour. A target 
of this construction stood remarkably well at Shoe- 
buryness, and of its strength as part of the ship there 
cannot exist a doubt. These details of construction 
will be clearly understood on reference to the en- 
gravings and remarks on another page. A ship’s side 
formed and plated with 6-in. armour, as above de- 
scribed, contains a great deal more iron, and is no 
doubt much more capable of resisting shot, than that 
of any other iron-clad previously built in this country. 

The armament of the Bellerophon will be more for- 
midable a great deal than that of any sea-going ship 
yet afloat. While the turret ship which the Admiralty 
now talk of building will carry but 4 guns in her two 


turrets, the Bellerophon carries 5 in each broadside. 





These are actually to be each of 12 tons in weight, and 
may be heavier still so far as the capability of the ship 
to carry them is concerned. They are carried in an 
enclosed central battery, like that of the Warrior, but 
of less length, as the guns are so much greater in 
power and fewer in number. But while in the Warrior 
the central battery includes all her protected guns, 
none of which can, therefore, fire ahead, the Bellero- 
phon carrries a formidable bow battery in addition, 
commanding round the whole bow, from broadside to 
broadside. In addition to her guns, the Bellerophon 
possesses a formidable offensive weapon in the form of 
a ram stem, forged of enormous strength, and built 
solidly into the hull, being masked by a light iron head 
carrying an ornamental shield, which would double up 
under the action of a blow. Without overrating the 
extent to which “ramming” will probably be resorted 
to in future in naval warfare, it may confidently be said 
that the appearance of an armour-plated ram like the 
Bellerophon, possessing her extreme handiness and 
power of turning hither and thither among a hostile 
squadron, might well create a degree of apprehension 
far beyond that due to her armament alone. A lofty 
conning tower, plated with 8-inch armour, stands on the 
upper deck of the Bellerophon, for containing the captain 
and officers during action. Her masts are of iron, and 
her topmasts and yards of steel. 

Such are some of the principal features of the Belle- 
rophon. ‘The preliminary steps for building her were 
taken at Chatham in December, 1863; the keel was 
laid in April, 1864; the ship was floated out of dock, 
built and half armour plated, in April, 1865, to receive 
her engines; in October she was taken to the Nore 
and tried under steam ; and onthe 31st of the present 
month she will be ready forsea service. It is only fair 
to the new Chief Constructor of the Navy, to add that 
she was the first man-of-war completely designed by 
him (the Enterprise, Research, and other such vessels 
being mere conversions undertaken by the desire of the 
Admiralty), and that she was so designed by him 
several months before he received his present appoint- 
ment. We understand that Admiral Robinson, the 
Controller of the Navy, took upon himself the full 
responsibility of recommending the construction of this 
extraordinary ship to the Board of Admiralty; and the 
Duke of Somerset, the First Lord of the Admiralty, 
gave the necessary authority, and is therefore entitled 
to the credit of appreciating the bearing and value of 
great mechanical improvements suggested in the in- 
terests of the Navy. 

It is no part of our intention to become, at any time, 
apologists for such a department as the Admiralty, 
which we shall no doubt have frequent occasion to 
criticise adversely ; but we are bound, as representa- 
tives of the Engineering world, to say that the Belle- 
rophon is an example of praiseworthy vigour and bold- 
ness in our Naval Administration, and a credit to 
the constructive skill of the engineering profession. 








Wetsu Coat Trarric To THE Merropo.is.—Efforts are 
now being made with the view of providing increased facilities 
for the transmission of South Wales coal to the London market. 
At present the quantity of Welsh coal sent to the metropolis is 
not 3 per cent. of thé total consumption, which is mainly attri- 
butable to the high railway tonnages which are charged. South 
Wales is the nearest coal-field to London by from 40 to 70 miles, 
yet, in the face of this, the Newcastle merchants are uble to 
almost monopolise the trade, and the North of England, 
Lancashire, and Derbyshire districts supply no less than 97 per 
cent. of the total consumption. Last year two railway schemes 
received Parliamentary sanction, having for their object a more 
direct route to the South Wales and Forest of Dean coal fields, 
one being supported by the Midland and the other by the Great 
Western Company. ‘he enormous cost of carrying out these 
projects, more especially the high-level bridge, has, however, 
proved a serious drawback; but within the last few weeks a 
third scheme has been brought forward, which, it appears, can 
be carried out at a comparatively small cost, and it will at the 
same time give greater facilities to the coal trade. This is known 
as the Midland and Great Western Junction, and it is proposed 
as a compromise between the two great companies, and, if 
successful, Welsh and Forest of Dean coals will be delivered in 
London at 3s. per ton below present prices. Such an important 
saving as this would enable the South Wales and Forest of Dean 
colliery proprietors to compete successfully on the metropolitan 
markets. 

GOVERNMENT AND RarLways.—The Government of South 
Australia are endeavouring to get the railways off their hands. 
The general opinion is that the public would be better and more 
cheaply served if the railroads were managed by private parties. 
The South Australian Register states that tenders have been in- 
vited, and Mr. Fuller, of Melbourne, has offered to be a purchaser 
at the price of 322,500/., and the International Financial Society 
of London at 385,0002 Neither tender could be accepted, as the 
Government engineer estimates the railways worth 750,000/. 
Three tenders for taking the railways on lease were also sent in, 
but were not accepted. The rent offered was about 15,000/. but 
to increase it to 20,0002. after seven 


one of the ies pro 
years, and to 25,0001 after 14 years.—South Australian 
Register. 














Jan. 5, 1866.] 


ENGINEERING. 





7 








AMERICAN RAILWAYS. 


Tue elasticity of the American character, and the 
vast material resources of the American States, have 
been shown hardly less since the close of the war 
than, during its active prosecution. It is not a year 
since the North alone had 1,200,000 men under arms, 
yet in October last nearly 900,000 had been mustered 
out of service, and no doubt the grester portion of the 
remainder have since returned to the pursuits of peace. 
Sir Morton Peto, in his speech delivered in November, 
at Bristol, expressed his astonishment that such vast 
numbers could at once be absorbed into the permanent 
industry of the country; but he appears to have found 
that the larger number once forming the several armies 
were then actually earning their bread by their labour, 
skill, or knowledge. It had been predicted, and it 
indeed appeared reasonable to believe, that upon the 
cessation of the vast expenditure by the Federal 
Government—an expenditure almost wholly sustained 
by credit—the whole financial system of the American 
States would collapse. But the end of the war was 
really the diversion of the energies of a million strong 
men from the work of destruction to the work of con- 
struction and reconstruction. General prosperity must 
be taken to represent the real material condition of 
every people, and we are met with the most abundant 
evidence that the States are now not only restoring 
their fortunes, but are creating wealth at perhaps a 
more rapid rate than has ever been known in their 
former history. The progress of the Western States 
is indicated by the growth of one of their great towns, 
Chicago, from a population of 109,000 in 1860 to 
196,000 in 1864, and to a reputed population of nearly 
a quarter of a million at the present time. -Its annual 
shipments of grain, showing the producing power of the 
boundless and fertile prairies which extend upon nearly 
all sides, now amount to nearly fifty millions of bushels 
yearly. At St. Louis, the transfers of goods and the 
extent of the inland carrying trade, are somethin 
enormous. Mr. Forbes, the well-known gener: 
manager of the London, Chatham, and Dover Railway, 
and who will not be suspected of exaggeration, lately 
visited the States, and since his return has made a 
report upon one of the leading lines of American rail- 
ways, in which he says that the fleet of steamers at St. 
Louis is calculated to strike with surprise even those 
who are familiar with the great steam marine of the 
Thames and the Mersey. Even with all the loss of 
life occasioned by the war, the population of the States 
is increasing rapidly, chiefly by immigration, Few who 
have not visited the country have an idea that New 
York, including its immediate suburbs, has a popula- 
tion now nearly equal to that of Paris, and to quite 
one-half that of London—or, in round numbers, one 
and a half million souls. Within but ninety miles is 
Philadelphia, with a population now exceeding 600,000, 
or more than that of any provincial town in the United 
Kingdom. Scattered all over the map of the Northern 
States, with their vast tracts of rich farming and grazin 
land, their inexhaustible coal fields, and their varie 
natural stores of iron, salt, petroleum, &c., are many 
large towns, alive with the keenest commercial enter- 
prise, and numbering each a population of from 50,000 
to 200,000. Such as these are Albany, Rochester, 
Buffalo, Cleveland, Pittsburgh, Cincinnati, Detroit, 
Louisville, St. Louis, Chicago, Milwaukie, &c. All 
these have grown rapidly, and some of them are now 
growing more rapidly than ever before. With a vast 
system of inland navigation, with 35,000 miles of rail- 
way in operation in the States, and with every instinct 
and phase of energy which leads man to material great- 
ness, it is impossible to say to what magnitude these 
and other towns may soon grow. 

Among other lines of railway in the States, the 
Atlantic and Great Western, perhaps, now engages 
most interest in England. Unlike the Illinois Central, 
and the Michigan Central lines, which had to create 
their traflic—the ove over unsettled prairies, and the 
other through wide tracts of forests, as lonely as in the 
days of the red men—the Atlantic and Great Western 
has already secured traffic receipts equal, at the present 
rate of exchange, to nearly 25,000/. weekly, upon but 
490 miles of kme. Thus, in August, September, and 
October last, its traflic receipts were respectively 
738,528 dolls., 677,625 dolls., and 719,911 dolls., equal 
to 164,300 dollars weekly, or, taking seven dollars to 
the pound at the present exchange, to nearly 23,5007. 
weekly, upon a single line, worked by less than 100 
engines, aud of which the cost will fall short of 20,000/. 

er mile. It is the central link, in a now unbroken 
ine of railway of six-feet gauge, extending from the 
Atlantic Ocean, at New York, a distance of 1200 miles 
westward to the River Mississippi at St, Louis, with 
the large city of Cincinnati on the route. ‘The extent 








of the travel between New York and the great inland 
towns, and the enterprise, wealth, and commercial 
splendour of some of these towns can only be believed 
by those who have seen them. Mr. Forbes, whose 
authority as a railway manager no one will question, 
states in his report that the line of way is, on the 
whole, excellent, the earthworks good and well drained, 
with flat slopes on embankments and in cuttings, while 
the ballasting and general condition of the permanent 
way are scarcely inferior to those of first-class English 
lines. Throughout the length of the Atlantic and 
Great Western, it intersects not only rich farming and 
grazing districts, but much of it runs over an inex- 
haustible coal field, now being largely worked, while 
one of its branches taps the whole of the famous Penn- 
sylvania oil region. Nearly 4,000,000 barrels of this 
oil are now collected yearly, and the railway in ques- 
tion is carrying nearly 750,000 barrels yearly, at rates 
equal to 3d. or 4d. per ton per mile, where our own 
railways are glad to carry on at §ths.of a penny per 
ton per mile. We have heard much lately of the oil 
regions, and we know how towns already numbering 
from 5000 to 10,000 souls have sprung up in the 
wilderness, and how collossal fortunes are being made 
in the oil trade. 

When the whole line of the Atlantic and Great 
Western, 607 miles, is completed, Mr. Forbes, estimat- 
ing upon a very moderate increase upon its present 
business, sets down its probable traffic at a little more 
than ten millions of dollars yearly, and after deducting 
its working expenses, he concludes that, while the 
bonds issued at 80/. for 100/. will pay their real rate of 
rather more than 8} per cent. interest, the shareholders 
will also receive nearly or quite 12 per cent. dividends. 
The condition of the other great railway lines in con- 
nexion with the Atlantic and Great Western, would go 
to show that this estimate is a reasonable one, With- 
out the same advantages the Erie Railway is paying 
9 per cent., and the New York Central 8 per cent., 
upon their ordinary shares, the interest upon their 
bonds being paid with the punctuality of the dividends 
upon Consols. 








THE MONT CENIS RAILWAY. 


In the line of railway communication between France and 
Italy there at present exists a break, about 48 miles in length, 
between St. Michel on the French and Susa on the Italian side 
of Mont Cenis. Between these towns the entire traffic, both of 
passengers and merchandise, is now carried on by horse traction, 
there being a very good road from 80 ft. to 32 ft. wide between 
the two places. The passenger traffic is conducted by diligences, 
which are bound by contract to perform the journey in nine 
hours during the summer, and ten hours call a half during 
the winter months, The tunnel which is now being made 
through the Mont Cenis is intended, by directly connecting 
the French and Italian lines, to obviate the necessity for a 
passage over the mountain; but the difficulties which have 
te be surmounted before it can be constructed are such 
that it seems scarcely probable that it can be completed 
in less than eleven years and a half from the present date. This 
being the case, it has been proposed by Mr. Fell to carry a line 
of railway over the mountain, and to form it upon the road 
aheady existing. The French Government, when applied to, 
consented to grant a concession for the construction of that 
portion of the line which was to be situated within the French do- 
minions, on condition that the practicability of the scheme should 
be satisfactorily a ; and the Italian Governmentalso promised 
a ion for the li tructed within their territory, provided 
that the French should be satisfied with the experiments. In con- 
sequence of this, an experimental line has been constructed, 1960 
metres, or about 14 miles, in length over the most difficult and 
exposed portion of the road, the site having been chosen by the 
French commissioners. It commences at Lanslebourg, at an 
elevation of 5322 ft., and terminates nearer the summit at a 
height of 5815 ft. above the sea. The average gradient is thero- 
fore about 1 in 18, while the maximum gradient is 1 in 12. 
On about two-fifths of the length of the line the curves are very 
sharp, varying from 2 to 5 chains radius; the curve of 2 chains 
radius being necessary to bring the railway round the elbow 
formed by the junction of the third and fourth “ zigzags” of the 

resent road upon which the line is formed. The line, which is 
fai to a gauge of 1.1 metres, or 3 ft. 7% in., occupies about 
13 ft. of the roadway, and the portion left appears to be quite 
sufficient for the accommodation of all the traftic. 

In order to work a line of the character just mentioned, it is 
evidently necessary that the engines should possess a greater 
amount of adhesion than that due to their mere insistent weight 
upon the rails; and an engine was therefore constructed (ac- 
cording to one of Mr, Fell’s patented designs) with two pairs 
of horizontal wheels clipping between them a central rail, in ad- 
dition to the ordinary vertical drivers, The engine first made, and 
which is now on the Mont Cenis line, has four cylinders, two 11#in. 
diameter and 18 in. stroke, being placed outside and connected 
to the two pair of coupled wheels 2 ft. 3 in. in diameter, on which 
the engine is carried; while the other two, which are 11 in, in 
diameter, and have a stroke of 10in., are fixed inside and 
coupled to the four horizontal wheels, 16 in. in diameter, which 
clip the central rail. ‘The horizontal wheels have a wheel base 
of 1 ft. 7in., and are now working with a pressure of 16 tons. 
The boiler is 7 ft. 9}in. long and 2ft.9in, in diameter, and 
contains 100 tubes 14 in. in diameter outside; the total heating 
surface amounts to 420 square ft., and the grate area to rather 
more than 6 square ft, ‘The total weight of the engine in work- 
ing order is 14 tons 10cwt, This engine was first tested on an 








experimental line 800 yards in length, laid down in Derbyshire 
on the Cromford and High Peak Railway. On this line there 
were 150 yards of curves of from 2} to 3} chains radius on a 
gradient of 1 in 12, and a straight gradient 180 yards long, 
rising 1 in 134. From experiments made on this line between 
September, 1863, and February, 1864, it was found that the 
engine above described could, when working at a pressure of 
120 lbs. per square inch, take regularly up the inclines just men- 
tioned a load of 24 tons—the maximum load was 30 tons. 
During these experiments the horizontal wheels were forced 
against the central rail with a pressure of 12 tons only, or 4 
tons less than that under which they are now worked, and 
under these conditions the inside cylinders alone were able to 
take up the engine itself round the curves. The outside cylin- 
ders, coupled to the vertical wheels, could, when working alone, 
only take up one loaded waggon in addition to the weight of the 
engine. Notwithstanding the good performance of the above 
engine, it was found that its machinery was too ye 3 packed 
to be repaired or adjusted with facility, and that its boiler power 
would not be sufficient for working the Mont Cenis traffic, The 
“bite” of the horizontal wheels upon the central rail was also 
reduced, ype their not being protected from the oil dropping 
from the working parts. In the second engine constructe 
(which will be described presently), these defects have been 
remedied, and a much simpler engine obtained, From the success 
which attended the experiments on the Cromford and High Peak 
Railway, it was determined to repeat them, for the satisfaction 
of the French Government, on the Mont Cenis, and for this 
purpose the experimental line at Lanslebourg, which has been 
already mentioned, was constructed, Of this line we will now 
give some further details. It is laid with rails (borrowed from 
the Victor Emmanuel Railway Company) weighing about 75 lbs. 
per yard, fished at the joints, and carried by cast-iron chairs 
spiked to wooden transverse sleepers 3 ft. apart. The central 
rail is laid upon its side, its centre being 7} in. above the level of 
the bearing rails. It is supported sactiy Uy cast-iron and partly by 
wrought-iron chairs, those at the joints weighing 20 lb. and the 
others 161b. each, The chairs carrying the central rail are 
6 ft. apart on the straight portion of the fine, and from 2 ft. to 
8 ft. apart on the curves; and are fixed to longitudinal timbers 
12 in, wide by 8 in. deep, which are in their turn spiked down to 
the transverse sleepers, The central rails are to be fished, and, 
when the permanent line is laid, it is intended that the chairs 
supporting them shall be placed at intervals of 3 ft. apart on the 
straight part of the line, and 1 ft. Gin. apart on the curves; 
that they shall be secured to the longitudinal timbers by through 
bolts, and that these longitudinal timbers shall be fastened to 
the transverse sleepers in a more secure manner than at present. 
In the course of a report, made by Captain Tyler, to the 
Board of Trade, in June last, he mentions that during his visit 
to Mont Cenis he took six trips up and down the experimental 
line with the engine which has been already described, The 
load taken each time consisted of three loaded waggons, weighing 
altogether 16 tons, and the average time occupied in the ascent 
—1800 metres, or nearly 14 miles—was 8} minutes, giving a 
speed of 8} miles per hour, whereas the highest speed allowed 
on this portion of the line, according to the programme given to 
the French Government, was 74 miles per hour only. The 
journey was performed with an average decrease in the pressure 
of steam of 14]b., and a loss of 5}in. of water in the gauge 
glass, the engine working at pressures of from 92 1b, to 125 Ib. 
per square inch in the boiler, The weather was very fine and 
calm during the trials, and the bearing rails were in first-rate 
order; but the horizontal wheels and central rail were oily, and 
therefore not in a favourable condition for obtaining a good bite. 


We must now describe the second engine, which was specially 
designed for working the Mont Cenis traffic. Its general 
arrangement is shown by the accompanying illustrations, of 
which fig. 1 represents a part longitudinal section; fig. 2 a 
transverse section in front of the cylinder; and fig. 8 a sectional 
plan. From these it will be seen that this engine, like that first 
made, is carried upon two pairs of wheels arranged under the 
barrel of the boiler. These wheels, which are 2 ft. 8in. in 
diameter, and placed a distance apart of 6 ft. 10in. from centre 
to centre, are coupled by cranks fixed at the ends of their axles, 
and are driven by connecting rods extending from the crank pins 
of the hind pair of wheels to bars sliding in guides fixed on the 
outside of the engine frame, as shown on fig. 8. The front ends 
of these sliding bars are connected by long links or connecting 
rods with arms fixed at the ends of a pair of rocking shafts, 
carried right across the engine in front of the cylinders, and 
working in bearings fixed to the frame of the engine. 

The cylinders, of which there are in this engine one pair only, 
are fixed between the frames under the smokebox, and are 
furnished with pistons, the rods of which pass through both 
back and front cylinder covers. That part of each piston rod 
which passes through the front cylinder cover is attached in the 
ordinary way to a crosshead, working between guides fastened 
to the front cylinder cover and the leading buffer plate. Through 
this crosshead there is a vertical slot, which receives a pin fixed at 
the end of an arm, which is, in its turn, fixed apon one of the 
rocking shafts already mentioned, The portion of each piston rod 
which is carried through the back cylinder cover is also attached 
to a crosshead, but in this instance the guide bars between which 
the crosshead works are placed on each side of, instead of above 
and below it. To these crossheads are attached connecting rods, 
the other ends of which are coupled to cranks placed at the upper 
ends of the two vertical shafts on which the hind pair of hori- 
zontal wheels are fixed. Below these connecting rods, but 
attached tothe same crank pin, are placed coupling rods con- 
necting the cranks just mentioned, with others fixed at the 
upper ends of the vertical axes of the front pair of horizontal 
wheels. ‘Ihe shafts upon which the hind pair of horizontal wheels 
are placed, have also fixed upon them — gearing into other 
pinions, turning on pins attached to the underside of a strong 
stay carried across the engine between the frames; these two 
last pinions gear into one another. The horizontal wheels, being 
driven by the same cylinders as the bearing wheels, are, of 
course, of the same diameter as the latter, viz. 2 ft. 3 in., and 
they are placed at a distance apart longitudinally of 2 ft. 4 in. 
from centre to centre. ‘The shafts of the horizontal wheels 
revolve in bearings carried by sliding frames, of which there are 
two, one to each of the engines. These frames work between 
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Fig. 1. 


guides fixed to transverse stays between the engine frames, and 
they are pressed towards the centre of the engine by six volute 
springs bearing on the back of each. The amount of the pressure 
exerted by these springs is regulated by bars bearing upon them, 
which bars are capable of adjustment by means of a shaft ex- 
tending across the engine, and furnished with right and left- 
handed screws. This shaft carries at the end of it a worm 
wheel, into which gears a worm connected by shafts and bevil 
gear, with a hand-wheel on the footplate, and the pressure put 
upon the horizontal wheels can thus be regulated by the driver. 
The whole arrangement is shown by the sectional ohn, fig. 3. 
The slide valves are driven by eccentrics fixed upon the lead- 
ing axle, the eccentric rods being coupled to the lower end of 
arms or levers working ona shaft carried across the front of the 
engine between the cylinders and the large rocking shaft to which 
the piston rods are connected. The valve spindles are carried 
through the front end of the steam chest and coupled to the 
upper ends of the arms just mentioned. The boiler is 8 ft. 44 
in. long and 8 ft. 2 in. diameter; it is made with a “ flush” fire- 
box casing, and contains 158 tubes 1} in. external diameter. 























trips were made by him on the second engine, the last six being 
consecutive to test the consumption of coke and the steam pro- 
ducing power of the boiler. The 24-ton load was taken up at 
an average speed of 6.8 miles per heur, with an average gain 
in the steam pressure of 20 1b.; and the 16-ton load at an 
average rate of 9.6 miles per hour, the steam pressure increasing 
on an average 23 lb. during the trip. The steam was blowing 
off during the greater part of each ascent, and the consumption 
of coke was at the average rate of 30 1b. per mile for the whole 
run. The rolling stock for this line is intended to be constructed 
with wheels running loose on the axle on one side, and all 
vehicles, both carriages and waggons, are to be fitted with brakes 
of the ordinary description, and some with brakes acting on the 
middle ail i One passenger carriage already constructed 


is 12 ft. long, 6 ft. 4 in. wide, and 6 ft. high inside. It is ar- 


ranged with six seats on each side, a passage being left down 
the centre. 
The permanent line from St. Michel to Susa will, as we have 


The total heating surface of firebox and tubes is 600 square feet, 
and the firegrate area is 10 square feet. The boiler is worked at 
a maximum pressure of 1201b, The water is carried in a pair 
of tanks fixed upon the footplate, and the engine is furnished 
with a brake of the ordinary description acting on the trailing 
wheels only. The total weight of the engine in working order is 
about 17 tons, and its net weight 13 tons, of which about 2 
tons 13 cwt. is due to the extra machinery for working the 
horizontal wheels. The pressure upon the horizontal wheels is, 
as we have already mentioned, adjustable; during the experi- 
ments it amounted to 2} tons on each wheel, or 10 tons alto- 
gether, but this pressure can be increased if necessary to 6 tons 
on each wheel, making the total pressure 24 tons. It is found 
to run very steadily, and to pass round the sharpest curves 
without any jolting or grinding of the tyre flanges, being per- 
fectly guided by the pressure of the horizontal wheels against the 
central rail. 

The trials of the French commissioners commenced on the 
28th of February, and terminated on the 19th of July last; and 








already stated, be nearly 48 miles in length; it will have an 


on this latter date the following results were obtained with the 
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Fie. 2. 


larger engine. Five trips were made, the first three being per- 
formed with a load consisting of one passenger carriage and four 
luggage waggons, weighing altogether 24 tons. The first run 
was made in 9 minutes, the pressure of the steam increasing 
during the journey from 90 1b. to 1201b. The second trip was 
performed in 10 minutes, the steam pressure increasing 10 lb., 
and the third ascent was accomplished in 10 minutes, the gain 
in steam pressure being 351b. The fourth and fifth journeys 
were made with three waggons weighing 16 tons, and with this 
load the fourth run was made in 7} minutes, the steam pressure 
increasing 451b. The fifth and last trip was performed in the 
same time with a gain in the steam pressure of 25lb. The 
average speed with the heavier load was therefore about 7 miles 
per hour, and with the lighter load 10 miles per hour, whereas 
the speeds required by the programme submitted to the French 
and Italian Governments were on this portion of the line only 
44 and 7} miles per hour respectively. The time occupied by 
the descent was 11} minntes, the commissioners desiring to test 
the controlling power of the brakes. 





During the visit of Mr. Brunlees to the Mont Cenis line, ten 



































Fie. 3. 


average gradient of 1 in 25.6, and a maximum gradient of 1 in 
12. The middle rail will be laid on all grades steeper than 1 in 
25. The proportion of curves to straight line will be less in the 
permanent than in the experimental line; and it is intended to 
equalise the resistance as much as possible by forming the 
steeper gradients on the straight portions of the road. For some 
portions of its length, amounting altogether to about 9 miles, 
the line will be carried under a covered way. This covered way 
will be of three kinds, about 1 miles of it, where the line passes 
the various avalanche runs, consisting of a strong masonry arch. 
Other portions, amounting to about 4} miles, will be formed of 
wood strengthened by iron, and will be placed where the snow drifts 
in —_ masses ; and the remaining part will consist of a wooden 
roof and sides, to keep off falling snow. The cost of keeping 
the present road clear of snow is said to be about 12,000f., or 
5002 per annum; but it is considered that the railway can be 
kept clear for a much less sum, as snow ploughs can be attached 
to the locomotives, and the line is generally on the outside of the 





road. It is moreover under cover in those parts at which the 





snow collects most thickly. The cost of clearing the Sem- 
mering incline of snow is given at about 13/. 8s. per mile per 
annum. 

The cost of the whole undertaking is estimated by Mr. Brun- 
lees at 820,000. This sum includes the cost of rolling stock, of 
about 94 miles of covered way, and provides for the extension of 
the central rail to all gradients steeper than 1 in 40, and to such 
portions of lines as may form sharp curves or approach the 
edge of precipices. The lowness of the above estimate is in a 
great measure due to the fact that the portion of the public road 
upon which the line is to be formed, is to be ceded to the con- 
cessionaires by the French and Italian Governments. The first 
engine for working the Mont Cenis traffic was constructed at the 
Canada Works, Birkenhead, and Mr. Alexander, who was at 
that time connected with the Canada Works, was associated with 
Mr. Fell in the preparation of the designs for both engines. The 
second locomotive was made by Messrs. Cross and Co., of St. 
Helen’s, and the Mont Cenis line itself is being constructed by 
Messrs, Brassey and Co. 











Jan. 5, 1866.] 


ENGINEERING. 


9 








PUBLISHER'S ANNOUNCEMENT. 


Mr. Charles Gilbert begs to announce that sixty-five thousand 
copies of the present number of ENGINEERING have been 
printed, and that of these, sixty thousand copies have been 
ordered by a single firm. In future, the reading matter, ex- 
clusive of advertisements, will occupy sixteen pages. In 
reserving even fourteen pages for the present number, # 
became necessary to decline a 7 le number of adver- 
tisements offered within the last week. Most of those which 
appear in the present number are contracted for, for periods 
of from six months to two years, but further advertisements 
will be printed on an additional sheet, without the invasi 
space properly appropriated to reading matter. The charge 
Sor advertisements is three shillings for four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rates for the space they occupy. Advertisements 
Jor the current week must be received not later than 7 p.m. on 
Thursday evening. 





All letters connected with the business department of 
ENGINEERING to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, London, W.C. All 
other letters to be addressed, there, “To the Editor of 
*¢ ENGINEERING.” 
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THE NEW YEAR. 


Tue amount of work cut out for our profession for 
the new year is far beyond anything ever before 
known. Notices of 450 new railway bills for works, 
deviations, amalgamations, &c., have been given for 
the approaching session, and the amount of additional 
capital which they involve will not fall short of one 
hundred millions sterling, equal to the whole amount 
of new railway capital authorised during the sessions 
of 1864 and 1865. Works of vast magnitude and 
of great novelty are either already in hand or to be 
soon undertaken, including the great extension of the 
underground system, new tunnels under the Thames 
and the Mersey, besides pneumatic railways under both 
these rivers and under many parts of London, vast 
railway bridges in the north, and works, works, works, 
almost everywhere. Throughout England there is a 
wonderful readiness to engage in undertakings involv- 
ing enormous permanent investments. The manufac- 
turing power of the country appears to be greater than 
ever, the farmers are growing rich by learning better 
modes of cultivation—although there is the sad disas- 
ter of the cattle plague—the ironmasters and coal- 
owners are building new furnaces and rolling mills, and 
sinking new and deeper pits, and the railways during 
the past_year have done a business unprecedented in 
railway history. The Americans are again at peace 
among themselves, and there is no speck of war in 
Europe. We are all looking hopefully forward to a 
long period of ye prosperity ; and each nation 
— disposed to increase its producing power, 
and push its trade to the utmost. There are 
those, whose advice is well worth listening to, who 
tell us, however, that a crash is not far off, and 
that trade will be crippled, if not for a time paralysed, 
by a rate of discount of 12, 15, or 20 per cent. We 
only know that this apprehension, although entertained 
by many men of large experience, is not general, and 
that, indeed, others of equal experience scout it alto- 
gether. The engineer prospers with the prosperity of 
the country, and suffers wherever the nation loses. But 
he is in many ways contributing to this prosperity, and 
in a far greater degree than is generally aieadoed or 
even suspected. 1t requires even engineering judgment 
to fully comprehend how our profession is adding to 
the common wealth of mankind, and it is our own 
opinion that, although unsound schemes will continue 
to be urged, the work now in hand, or in immediate 
peer. among engineers, is not nearly as great as it 
1s likely to become, even within the next few years, 
say five or six. The civilisation we have been extend- 
ing into India, Turkey, Egypt, and portions of Africa, 
and the enterprise which Englishmen have taken with 


them ‘into Australia, South America, and elsewhere, 
has hardly begun to bear the commercial fruit which it 
is destined to bring forth. Without dwelling further 
upon this subject, it need only be said that the works 
in hand, for which capital is already subscribed or 
available, will occupy the best attention of every class 


of 


BESSEMER STEEL RAILS. 

Ow the occasion of the discussion of Mr. Bessemer’s 
paper, read before the Mechanical Engineers at Sheffield 
in 1861, Mr. John Brown, of the Atlas Works, ex- 
pressed the opinion that the cost of Bessemer rails was 
not likely to become diminished to much below what he 
then sold them at, namely, 22/. per ton. The value of a 
manufacturing process depends greatly, of course, 
upon the cheapness with which the manufactured ar- 
ticle is produced, and thus the Bessemer process has 
proved much more successful than the great Sheffield 
armour-plate maker had expected; for not long since 
the Metropolitan Railway Company were obtaining 
Bessemer rails at 17/. per ton, and we have lately heard 
of quotations as low as 12/, As for prime cost, it is 
difficult to see why Bessemer rails should cost more 
than, if as much as, those rolled of iron. The pig iron 
required for the pneumatic process is of a costlier 
quality, but there is less waste than in puddling and 
re-heating, the proportion of waste at the Bessemer 
works of the London and North-Western Railway Com- 
pany at Crewe, not exceeding, we believe, 15 per cent., 


metal. In South Staffordshire a consumption of 1 ton 
5 ewts. of pig iron to 1 tonof finished bars is reckoned 
good work, and with other kinds of iron, in Wales, 
from 28 cwts. to 31 ewts. of pigs go to the ton of rail- 
way bars. The Bessemer plant is costly also, but its 
power of production is enormous. It takes but twelve 
minutes or so to blow a charge of almost any weight— 
say 5 tons to 7$ tons—and the converters, although 
the ganister requires a little mending as the work goes 
on, bear one hundred or more rounds before requiring 
to be re-lined. In the new works at Barrow-in-Furness 
there are two converting houses, each 750 ft. by 100 ft., 
one of them containing four 74-ton, and the other four 
6-ton converters, each group being arranged to pour 
into one ingot, of respectively 30 tons and 24 tons 
weight. With the 7}-ton converters, measuring 9 ft. 
3 in. in their largest diameter, and 14 ft. 9 in. from the 
bottom of the tuyere-box to the top of the spout, the 
production of perhaps 1000 tons of Bessemer ingots 
with but one lining of the converter is something re- 
markable. As for coal, the amount required for melt- 
ing the hematite pig and spiegeleisen—refractory as it 
is in the furnace—is much below that required in pud- 
dling, and we believe that at the Barrow Works the 
melted iron will be run directly from the blast furnace 
into the converters at a prime cost not much, if at all, 
greater than 50s. per ton—not, of course, but that the 
same iron might be run into pigs and sold at 4/. 10s. 
with nearly cent. per cent. profit. 

All this is encouraging for railway managers—we 
were about to say railway shareholders, but they are 
not, in many cases, capable of understanding much of 
the engineering questions upon which the proper work- 
ing of their property depends, and they thus have but 
a latent and not an active interest in such questions. 
The Bessemer rails, judging from the experience of 
the London and North-Western Railway Company, are 
cheaper than iron rails at 50/. or more per ton. There 
is the remarkable rail under the Chalk Farm bridge of 
the North-Western line, which, but a few weeks ago, 
when we saw it, was wearing out the seventeenth or 
eighteenth face of wrought-iron rails adjoining it, and 
which were subjected to exactly the same conditions of 
traffic. This comparison is an extraordinary one. A 
steel rail, rolled at Crewe, from an ingot cast at the 
Carlisle Steel Works of Messrs. Henry Bessemer and 
Co., was selected at random, and laid down between 
contiguous iron rails, at the Camden goods station, 
May 9th, 1862. In 1864, a gentleman about to proceed 
to Belgium upon business connected with steel rails, 
asked and received permission from the London and 
North-Western directors to copy the records of the 
wear of this and the contiguous rails, as filed in 
their office. The steel rail, when examined in Sep- 
tember, 1864, had never been turned, top for bottom, 
and showed “but little signs of wear.” Eight thou- 
sand goods trucks pass over this rail in twenty-four 
hours, and it is estimated that nearly 10,000,000 
trucks, or more than 20,000,000 wheels, have passed 
over this rail from the first. ‘The next iron rail, conti- 
uous to it, was laid down, quite new, on the same 
ate, May 9th, 1862. It was found necessary to turn it 
in the following July; and on September 9th of the 
same year, a second iron rail had to be laid down in 
place of the first. ‘This required to be turned on No- 
vember 6th, and on January 6th, 1863, a third iron rail 
had to be put down. This was turned on March 1st, and 
a fourth new rail put down on April 29th. This was 





of engineers for a considerable time to come. 





while much of the so-called waste is really workable’ 


rail laid down September 29th. It was turned over on 
December 16th, and on February 16th, 1864, a sixth 
new rail was put in. ‘This was turned April 12th, and 
a seventh new rail put in its place August 6th, 1864. 
Mr. Bessemer exhibited his rail at the last meeting of 
the British Association at Birmingham, after it had 
worn out additional and neighbouring wrought-iron 
rails. It was not greatly worn, and had never been 
turned. The Crewe station, with nearly 300 time- 
table trains through it daily, besides a great amount of 
shunting almost always going on, was laid with rails, 
rolled from ingots cast Theo. Bessemer and Co., 
November 9th and 10th, 1861, and a year later, on the 
Prince of Wales’s birthday, Mr. Bessemer’s Exhibition 
rails, 35 feet long, rolled at Crewe, were laid in the 
up line, just out of the station. None of these rails 
have yet been turned, and we believe that Mr. Rams- 
bottom and Captain Webb, of the Crewe Works, anti- 
cipate sending the 35-ft. rails, in good order, to the 
next International Exhibition, to which we are look- 
ing forward, in 1872. 

It is not certain that all rails, made by the Bessemer 

rocess, are of uniform quality from end to end, 

hether from imperfect manufacture or frony inherent 
difficulties in the application of the principle, a Bes- 
semer rail now and then breaks up (when purposely 
broken) into fragments of very unequal grain, ranging 
from fine steel to apparently coarse iron. To any one who 
has watched the process and seen six or seven tons of 
iron blown until all or nearly all its carbon is burnt out, 
and the requisite quantity then added in a few hundred- 
weight of spiegeleisen, it is a matter for more than or- 
dinary wonder, that during one brief vibration of the 
converter, with a momentary blast through the mixed 
mass, anything like uniformity of grain can be secured. 
Brandy and water could hardly be expected .o mix 
quicker than spiegeleisen and hematite in the Bessemer 
process, yet, on the whole, a very uniform degree of 
mixture, and thence, a uniform dissemination of carbon 
does appear to be attained. Whoever gives a little 
consideration to the conditions must almost wonder 
that the result is so satisfactory as it is. Not that 
complete uniformity of grain is ever secured in casting 
large Bessemer ingots. If fine tool steel is required, 
the first pourings must be broken up, remelted and 
again cast into ingots in order to obtain a uniform 
grain. We do not know at what price this coul? be 
effected for rails, but there is no difficulty in thus 
making very fine Bessemer tool steel,—such as 
Messrs. Hick and Sons, of Bolton, are content to use— 
which sells at a high profit, at forty-four shillings per 
cewt. Really, however the tool steel made at the 
Bessemer works at Sheffield, is cast without any addi- 
tion of spiegeleisen, the Swedish pig-iron of which it 
is made, being merely decarbonised to the right extent 
for fine steel. This has long been the practice, and 
Bessemer tool steel, thus made in Sweden, readily 
sells on the Continent—say at Hamburgh—for 65/. per 
ton. 
On the first use of Bessemer rails, especially under 
heavy traffic, thin scales are found to peel off and roll 
up into fine shavings. This kind of wear is found to 
go on for but a short time, and it is believed to result 
from the fact that the exterior skin (if we may employ 
the term) of the ingot is slightly porous, and this 
* skin,” in the course of the final rolling, becomes the 
outer surface of the rail. At Crewe, Mr. Ramsbottom 
purposely allows for this skin in all forgings of Bes- 
semer steel, making them larger than required, and 
turning or planing them for axles, piston rods, &c., 
till solid metal is reached. When the Metropolitan 
Railway, worked as it is with 42-ton engines, with 74 
tons on each single driving wheel (four coupled) was 
first relaid with Bessemer rails, these fine flakes, ground 
off by the wheels, caused some little anxiety. But 
they have ceased to wear off from the rails; and, as 
was the case at Crewe, the latter are now found to 
present solid metal of the most durable quality. The 
experiment has been tried at Crewe, of rolling wrought 
iron rails from scrap iron, with Bessemer steel welded 
to it, top and bottom in the rail pile, so as to obtain 
steel surfaces for the rails. The idea is Captain 
Webb’s, and the rails so made are termed “ slab rails.” 
In order that the Bessemer steel and wrought iron may 
weld properly together, a layer of raw puddled iron is 
interposed between them, in the upper and lower parts 
of the rail pile, so that it may weld to both materials, 
thus uniting them together. We are unable to give the 
results of the continued wear of these rails, but we 
have seen samples, after having been broken with great 
force, showing a perfect union of the diverse materials. 
Of the ultimate substitution of Bessemer steel rails, 
however, for all iron railway bars, there can hardly 
be any doubt, the former being now but little dearer 
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DEEP SEA CABLES. 

Tue strength of iron wire is commonly from 
60,000 to 80,000 Ib. per square inch of actual section, 
and thus it will barely support from about 34 to 44 
miles of its own length when suspended freely in air, 
and perhaps $ or gths mile more when hung in salt 
water. And Mr. Longridge showed, some years ago, 
at the Institution of Civil Engineers, that, by a strict 
course of mathematical reasoning, the tension upon a 
wire, while being submerged in the sea, must (provided 
the wire be laid without “ slack”) be equal to its own 
weight when hanging freely and vertically in the same 
depth of salt water. Thus, without some means of 
giving partial buoyancy, by covering the wire with a 
material lighter than itself, an ordinary iron wire, with 
whatever precautions, could not be laid, without the 
risk of breaking, in still water deeper than from 4 miles 
to 5 or 54 miles. Steel wire, if a uniform strength of 
say 120,000 lb. per square inch of section could be 
depended upon, might no doubt be laid in considerably 
greater depths. But when we introduce the effect of 
the friction of the water upon a wire in course of sub- 
mersion, and that also of the pitching of the ship from 
which the wire may be paid out, we shall find that we 
are restricted to certain depths, far short of those of 
the deeper portions of the ocean, within which we can 
successfully lay telegraph cables formed of a large pro- 
portion of metal. The whole construction of deep sea 
cables involves the nicest considerations of insulation, 
strength, and specific gravity. Perfect insulation is 
indispensable in all cables of considerable length to be 
laid under water, while not only great absolute strength, 
but great strength in proportion to the specific gravity 
of the cable, are essential for those laid in very deep 
water. 

The last Atlantic cable was designed with the full 
benefit of previous experience, and although it was 
not, perhaps, perfect, it no doubt did combine in a high 
degree the requisites of good insulation, great strength, 
and low specific gravity corresponding to the depth, 
say 2} miles, to which it was submerged. But there 
was no complete protection of the copper conductor, 
or rather of the gutta percha covering, against a chance 
puncture, whether by an overlooked fragment of wire 
or by the intentional insertion of a nail. This would 
have been secured by an external shield of wires, laid 
closely together, as in the Persian Gulf cable, but of 
smaller diameter and much less total weight. ‘To re- 
store the proper proportionate specific gravity, an ad- 
ditional covering of hemp or pitch, or Sir Charles 
Bright’s compornd, might have then been necessary, 
and thus, of course, the size, bulk, and total weight of 
the cable would have been by so much increased. But 
all this could no doubt have been provided for. With 
such additional protection the unlucky cable of 1865 
would, we think, have been successfully laid, and be 
now in good working order. 

The real cause of failure, as has been often explained 
and as is well understood among telegraph engineers, 
was no doubt the imperfect design of the “ bow 
sheave” of the hauling-in gear for recovering the 
cable, in searching for faults. Unless the ship be 
kept headed exactly in the line of the cable, the latter. 
in coming inboard, tends to ride over one or the other 
flanges of the Y sheave ; and, ordinarily, fixed guards{or 
shields are made, to give additional guidance. In the 
case of the Great Eastern’s fittings, however, there were 
one large, and two smaller sheaves, between a common 
yair of fixed shields, as shown in two of the plates of 
De. Russell’s lately published book upon the Atlantic 
Telegraph. The cable, ifit once got out of the middle 
sheave, was likely to jam between it and the one on 
either side, and with the momentary strain thus 
applied to a cable already under great stress from its 
own weight in 2$ miles of water, its fracture and loss 
were almost matters of course. The new cable, we 
trust, will be properly protected against the chance of 
perforation by wires, nails, &c., and the hauling-in 
gear, supposing it to be called into requisition, should 
be so carefully designed that no jamming of the cable 
could be possible. For those whe take only a general 
interest in the matter, and have little care for the 
technical questions involved, it is enough to know that 
the last Atlantic Cable was lost because of certain 
defects in construction, and in the apparatus for 
recovering it from the bottom—faults which are known 
and understood, and which admit of certain correction 
in a new undertaking. 


Rauway Brenevotent Instirurion.—This _ institution 
gained 500 new members last year; and its payments to widows, 
members and children are at the rate of about 5001, yearly. Its 
meetings are held at the Great Northern Station, King’s Cross, 
and the secretary is Mr. Mills. 








THE BRIDGE OVER THE FRITH OF 
FORTH. 


Amonest the many engineering schemes which re- 
ceived parliamentary sanction during the last session, 
there were few, if any, of a bolder character than that 
which forms the subject of the present notice; and, 
although it is probable that in a work of such magni- 
tude considerable alterations may be made in the con- 
structive details before it is finally completed, yet we 
have little doubt but that a description of the manner 
in which it is proposed to be carried out will be of in- 
terest to our readers. 

The bridge, which is to carry a single line of rails, is 
to cross the Forth about five miles above Queensferry, 
this site having been fixed upon by the engineer, Mr. 
Thomas Bouch, partly on account of the reduced depth 
of the water at that point, and partly because it is above 
that part of the Frith to which vessels come for shelter. 
It is intended to form part of a short line connecting 
the North British and Edinburgh and Glasgow Rail- 
ways, and when before Parliament the whole scheme 
was strongly opposed by the Scottish Central, the Clyde 
Navigation, and the Alloa Harbour Trustees. 

The total length of the bridge will be 11,755 ft., and 
it will be made up of the following spans, commencing 
from the south shore : first, fourteen openings of 100 ft. 
span, increasing in height from 65 ft. to 77 ft. above 
high-water mark; then: six openings of 150 ft. span, 
varying from 71 ft. to 79 ft. above high-water level; 
and then six openings of 175 ft. span, of which the 
height above high-water varies from 76 ft. to 83 ft. 
These are succeeded by fifteen openings of 200 ft. span, 
and height increasing from 80 ft. the minimum to 105 ft. 
the maximum. Then come the four great openings of 
500 ft. span, which are placed at a clear height of 
125 ft. above high-water spring tides. The height of 
the bridge then decreases, the ‘bans spans being fol- 
lowed by two openings of 200 ft. span, varying in 
height from 105 {t. to 100 ft. above high water; then 
four spans of 175 ft., decreasing from 102 ft. to 96 ft. 
in height ; then four openings of 150 ft. span, varying 
in height from 95 ft. to 91 ft.; and, lastly, seven open- 
ings of 100 ft. span, placed at a height varying from 
97 ft. to 92 ft. above bigh water. 

All the spans just given are the clear openings be- 
tween the piers. The piers themselves will occupy 
considerable space, their lengths in the direction of the 
line of the bridge being as follow : 

Bp piers for 500 ft. spans, each 30 ft. ..... ... 150 ft. 
: : ‘ 








eoeces 200 Be seacescee 340 

BO cccos 175 17 ft. Gin... 175 
IO cecece 150 SH ctaccnce - 150 
BD  sccces 100 10 coccocce 190 
Total...cccccccccccsees 1005 


The greatest depth of water in which the foundations 
will have to be laid is 52 ft., but a depth of 58 ft. 
exists in the channel between the piers of one of the 
large spans. ‘The borings, which have been taken to a 
depth of 120 ft., show the bottom to be composed 
(for, at least, that depth) of a species of argillaceous 
sandy silt, disposed in four layers differing very 
slightly from each other; and several series of experi- 
ments were carried out in order to ascertain the resist- 
ing power of this material. A cylinder, 6 ft. in diameter, 
and having a diaphragm fixed within it 6 ft. from the 
lower end, was first sunk by loading it with 60 tons of 
pig iron. It sank under this load until the diaphragm 
was 2ft. 54 in. below the surface of the silt, when, 
from the pig iron reaching too high in the tube, it be- 
came top-heavy and capsized. Another experiment was 
tried with a cylinder 6 ft. in diameter, placed in the line 
of the bridge in a depth of 10 ft. at low water. This 
was sunk, partly by dining and partly by weighting, 
about 11 ft. into the silt, when, the water being 
pumped out and the cylinder being found to be per- 
fectly water-tight, the interior was excavated toa depth 
of 6 ft. An iron pile, composed of new railway bars 
21 ft. long, and weighing 4 tons, the whole being 
strapped together with iron, was next lowered into the 
tube ; this pile measured about 15 in. by 12 in. The area 
of the base of the pile was at first increased by allow- 
ing it to rest on some square boards ; these were next 
reduced, and then removed ; and finally the load per 
square foot of bearing surface was increased by loading 
the pile. The results obtained were as follow: With 
a load of 1 ton per foot on the base, it sank 1 ft. 2}in. ; 
with 2 tons per square foot, it sank 3 ft. 14 in.; with 
3 tons, 4 ft, 11} in.; with 5 tons, 6 ft. 3in.; and with 
6 tons per square foot, it sank a total depth of 7 ft. 7 in. 
Weights were then placed upon the cylinder, and it 
was forced down 4 ft. farther into the silt, making its 
total penetration 15 ft.; and the excavation in the in- 
terior was also deepened to 13 ft., or within 2 ft. of 





the bottom of the cylinder. A pile, 40 ft. long and 
122 in. square, was next driven into the ground within 
the cylinder, it being forced in to a depth of 31 ft. 3} in. 
by 266 blows of a monkey weighing 12} cwt., and 
falling through a space of 12 ft. A load of 22 tons was 
then placed upon the pile ; and this weight was after- 
wards increased to 30 tons, without producing any 
farther movement. 

The piers for the great spans are to be founded on 
large timber platforms made of green beech, that wood 
being found to stand well in such situations, piles made 
of it having been got out of the foundations of old London 
Bridge six hundred years old. The platforms are to be 
114 ft. long, 80 ft. wide, and 9 ft. thick; they are to be 
composed of baulks arranged in layers longitudinally and 
transversely, and fastened together by oak trenails 2 in. 
in diameter. A number of bolts 13 in. in diameter 
are also to be put through the platform round the out- 
side. They are to be about 8 ft. apart, and removed 
from the edge about 8 ft., and are only intended to hold 
the platform together until it is lodged in its place. 
The platforms are to be put together on shore, and 
then floated to their places; and, as the green beech is 
slightly heavier than water, a species of twin cylinder, 
constructed of iron, and made water-tight by iron 
plating at the bottom, is to be fastened down to them 
to give them the necessary floating power. Within 
the cylinder is to be erected a ring of brickwork, form- 
ing the lower part of the pier, and when the platform 
has been floated to its place, the whole is to be sunk 
by admitting water into the cylinder. A scaffolding is 
next to be erected around the cylinder and heavily 
loaded; the water is then to be pumped out, and the 
construction of the lower part of the pier, which is 
to consist of brickwork, surmounted by masonry, is 
to be carried on within the cylinder. After the pier 
has been built up to above high-water mark, a load, 
consisting of 10,000 tons of iron rails, is to be placed 
on the staging around the cylinder and allowed to re- 
main about three months, in order to bring the founda- 
tions to a bearing. The upper part of the pier is to 
consist of cast-iron columns arranged in a very similar 
manner to those of the bridge at Saltash, and these are 
to be surmounted by a heavy cast-iron cap upon which 
the girder will rest. The wooden platform at the 
base of each of the piers is to be protected from the 
scour of the river by a layer of rubble stones about 3 ft. 
deep, laid upon and around it. The piers are intended to 
be built successively, the iron caisson or cylinder being 
removed after the construction of the first pier, and re- 
erected on the second platform, and so on. 

The piers for the smaller spans are to be constructed 
in a different manner; they are each to be composed 
of six tubular piles, four being vertical, and two raking 
piles. The piles are to be 2 ft, in diameter (except 
in the case of those forming the piers for the 100 ft. 
spans, which are to be 1 ft. 6 in. in diameter), and the 
are to have discs 13 ft. in diameter at their lower po § 
The raking piles above the low-water level are to be of 
wrought iron, all the others being of cast iron. The 
piles are to be braced together by timber-bracing, and 
sunk through the silt from floating pontoons. 

The main girders for the large spans will be on the 
lattice principle. It is proposed to build them on 
shore, and then to cut slight canals, so that pontoons 
may be placed beneath them ; they are then to be floated 
to their position between the piers, and raised to their 
places by hydraulic power. ‘They are to have a depth 
of 64 ft., or about one-eighth of the span; and the two 
girders forming each span are to be braced together 
at top and bottom, so as to form really one large 
girder. These girders are not to be continuous 
throughout, but are to be united over the second and 
fourth piers, so that partial continuity is obtained. 
Each span is estimated to weigh 1170 tons. 

The girders for the smaller spans are also lattice 
girders, the railway in their case running over the top 
of them, whereas in the large girders its level is near 
the bottom chord. The tops of the smail-span girders 
are united by cross timbers, and upon these are placed 
longitudinal baulks, upon which the rails are laid. 

The total cost of the whole work is estimated at 
476,5432., of which 267,105/. is that arising from the 
four navigable spans with five piers, and 209,4372. that 
of the remainder of the bridge. 


DeatH oF AN Eminent Minina Enoineer.—We much 
regret to have to record the death of Mr. Nicholas Wood, the 
eminent mining engineer. Mr. Wood, who was in the 72nd year 
of his age, had visited London in order to consult his medical 
adviser, and died there on Tuesday, the 19th ult. He was 
associated with George Stephenson, at Killingworth colliery, and 
in the early history of railways, and had been for many years a 
great authority upon all subjects related to mining engineering 
in every part of the kingdom. Mr. Wood was a large coal-owner 
in the county of Durham, 
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THE AMES GUN. 


SomETHING was heard, a year or two ago, of the 
wrought-iron guns made by Mr. Horatio Ames, of Falls 
Village, Connecticut, U.S., and a brief notice of them 
appears in Mr. Holley’s valuable work on Ordnance 
and Armour. In September, 1863, President Lincoln 
desired Mr. Ames to make fifteen of his guns, capable 
of throwing each, at least, a 100-lb. shot, and promised, 
in case they were favourably reported upon by compe- 
tent ordnance engineers, to recommend their purchase 
by the Federal government, at the rate of 85 cents per 
pound. Mr. Ames (who is now in London), is a large 
manufacturer of railway tyres and heavy forgings, and 
has for upwards of thirty years given constant attention 
to the improvement of the quality of iron, and the mode 
of working it for purposes requiring great strength 
and uniformity. His gun is of novel construction, and 
has certainly given extraordinary results, as attested by 
the American engineers of ordnance. 

The inventor (as is perhaps natural with a maker of 
wrought iron) has no faith in steel, cast iron, or bronze, 
as a material for the bore or any other part of his gun. 
Nor, although it is of compound construction, with 
rings at first shrunk upon each other, does he employ 
the principle of initial tension in the finished gun. 

The mode of construction is very peculiar. Let us 
suppose an ordinary cannon sawn across its diameter, 
at every few inches of its length, from its breech to its 
muzzle, so as to form a number of rings. Mr. Ames’s 
idea is to first form these rings, and to then weld them 
one to the other, up to any required length, the first 
ring in order being, of course, welded to a cascable. 
Now, let us first see how these rings are formed, and 
next, how they are united into a tube of any desired 
length. 

First of all, for a gun of 7 in. bore and 28 in. external 
diameter, a slab is piled and hammered, and subse- 
quently truly planed, in a planing-machine, to a length 
of nearly 4 ft., a width of 10in., anda thickness of 8 in. 
The grain runs longitudinally. This slab is cut across 
in a slotting-machine into four equal blocks of 10in. 
square, and each of these is drilled with a 4-in. hole 
through the centre. Each block is then placed in a 
lathe, and turned to a ring of 10-in. external and 4-in. 
internal diameter, and of a length, or thickness, in the 
direction of its axis, of 8in. Here the direction of the 
grain is across the bore of the ring. A good deal of 
iron has been cut to waste; but this very cutting has 
shown its quality, and is a‘ security against “ cold 
“ shuts,” or flaws of any kind. Next, a hoop, made 
like a railway tyre, and welded, is forged and turned, 
bored and faced, in a lathe, and then shrunk very 
tightly around the ring already prepared. This hoop 
is 5 in. thick all round in the direction of its diameter, 
and 6in. wide. Then another hoop of the same width, 
but of Sin. larger diameter, and of 4in. thickness, is 
made and shrunk strongly upon the compound ring 
already formed. The outer hoop of the entire ring is 
of the same outside diameter, viz. 28in., as the gun 
when finished; but all these brightly finished rings 
have yet to go into the fire, to be welded together, and 
the initial tension of the shrinkage thereby removed. 
Iron is built up, by welding, on the end of a large 
“porter bar,” until the full diameter of the breeeh is 
reached and the cascable is formed upon it, “ in the 
“solid.” Then, with the cascable and one of the 
compound rings, both at a welding heat, they are 
welded together by the action of a large steam hammer, 
working horizontally, the whole mass being, at the 
same time, turned slowly round, and hammered, verti- 
cally, by an ordinary steam hammer. The compound 
rings, it will be seen, are longer (in the direction of the 
bore of the gun) at their inner than at their outer dia- 
meter, being respectively 8 in. and 6 in. long at the in- 
side and the outside. This gives an opportunity for 
the cinder, scale, &c., to work freely out in welding, 
the inner ring being considerably “ upset” in the pro- 
cess. Starting with bright, clean surfaces, only the scale 
of one heat can form before welding, and this is tho- 
roughly hammered out. It will be seen that no very 
heavy mass of iron is ever heated at a time, the parts 
worked at each heat being comparatively small. 

The successive rings to complete the proper length 
of the bore are welded on, successively, in the manner 
we have already described, a pin with a cross handle 
being inserted in the rough bore, at each heat, to 
guide aright the ring to its bearing where it is to be 
welded on, and to keep the bore open. The gun is made 
as a cylinder from the base ring to the trunnions, thence 
tapering. The trunnions, formed with a breech strap 
i Mr; Ames’s earlier guns, are now screwed into the 
iron forming the body of the gun. 

One 7-in. gun, 14ft. long over all, and of 28in. 





greatest external diameter, niade as described, was 
completed in the autumn of 1864. Its weight was 
8 tons 13 ewt. By President Lincoln’s order, a board, 
of which General Gillmore was president, and compris- 
ing also Commodore Hunt, and Major Laidley, of the 
Ordnance Department, made a series of trials of this 
piece. It was fired, in all, upwards of 700 rounds, 
with a projectile taking into twelve shallow rifle 
grooves, making one turn in 35 ft. The shot was of 
120 lb. average weight, and the powder charges were 
increased from 13 ib., progressively to 191b., 25 lb., 
and in six rounds to 301b., occupying 27 in. of the 
length of the chase, the shot being 15in. long. With 
the latter enormous charge, the elevation was no less 
than 34°, and several of the shots ranged over 9000 
yards, one, it is stated, having gone over seven miles. 
With the exception of this latter statement, the others 
are from the oficial report, presented to Congress, and 
published by their order. The gun, under such great 
service, and fired, too, as many as 90 times in one day, 
was injured, but in no way disabled. The bore was 
enlarged three-tenths of an inch in the chamber, and a 
measurable enlargement of the external diameter, at a 
point corresponding with the base of the shot, was 
observed. With the progress of the firing, two or three 
small holes appeared in the chamber, extending radially 
through the inner ring. One of these was 13 
of an inch in diameter, and lin. deep, yet the 
gun was still serviceable at the conclusion of the trials. 
Mr. Ames is now making a considerable number of guns 
of smaller calibre for the Federal government, but the 
present high cost of materials and labour in the States 
prevents rapid progress. At his works, charcoal pig- 
iron now fetches 75 dollars per ton ; coal, 15 dollars per 
ton, and furnacemen and hammermen are paid 5 dollars 
per day. 








THE STEAM PLOUGH CONTROVERSY. 


Dvunrine the past three months a most active, al- 
though not unpleasant, controversy has raged, in the 
agricultural press and elsewhere, as to the relative 
merits of Fowler’s and Smith’s systems of steam culti- 
vation. Mr. Simon Hutchinson, a farmer near Gran- 
tham, had published a comparative statement to show 
that the respective systems had been tested with the 
following results : 


Fow er. Situ. 
Total First Cost . . 13781. 5000. 
Engines. . . . .2o0fl4hp. lof10h.p. 
Width of Cultivator . 6 ft. 3 ft. 
Number of Tines . . 7 3 
Days Employed . . 125 127 
Acres Cultivated . . 691 773 
Acres per Day . . . ~ | 6 
Whole Cost of Working  504/. 2641. 
Cost per Acre . . . 14s. 7d. 6s. 10d. 


Such a comparison was certain to go home to all the 
interests represented by steam cultivation—to the 
makers and purchasers of steam ploughing machinery 
as well as to those who let it out for hire and those who 
take hirings ; and, beyond these classes, a great number 
having only a general, or possibly a scientific interest 
in the matter, would wish to see such a striking con- 
trast fully explained. The avowed object of the tabu- 
lar comparison was to enlist the “thoughtful conside- 
ration of agriculturists”*—in other words, to enable 
them to pronounce a general verdict upon the relative 
merits of the systems compared together. The whole 
controversy to which the comparison lias given rise 
(and in which Mr. Smith took a very prominent part, 
although Messrs. John Fowler and Co. did not appa- 
rently take any) has been reprinted by Messrs. Fowler 
and Co., a circumstanee which we may note, in passing, 
would appear to show that their firm considered that 
they had the best of it in the end. 

Mr. Hutchinson gave his own experience with 
Smith’s tackle, on his farm, Dunton Lodge, Beds, 
where he reports the stiffest clay soil, worked twice 
over, the first cultivation being to a depth of 7 in., and 
the succeeding operation to a depth of 10in. All the 
work with Smith’s tackle was upon one farm. The 
Fowler apparatus, it appears, made only one cut 
through the ground, and that to a depth of a foot or more, 
the land being understood, also, to be heavy. But the 
691 acres set down to it were comprised in forty-eight 
different farms, between which the engines had to 
travel no less than 248 miles, so that the comparison, 
upon a further examination, is not one applying to like 
conditions of working ; indeed, for the purpose under 
consideration they were most dissimilar. Again, the 
reported 773 acres worked by Smith’s tackle were 
measured upon a farm map, without deduction for fences, 
ditches, &c., and Mr. Hutchinson himself afterwards con- 
sented to a corrected area of 7344 acres; whereas, from 





what we can see in the published correspondence, the 








691 acres set down to Fowler, were actually and fully 
covered. Had Smith’s tackle, with a portable engine, 
been moved 248 miles in working upon forty-eight 
farms, a number of horses would have been necessary 
to move it-—Mr. Hutchinson’s opponent says as many 
as twenty-eight in some cases, whereas Fowler’s loco- 
motives always fought their way out without help, 
even when sunk three feet deep in an old culvert or in 
a bog hole. If, on the other hand, a locomotive were 
employed with Smith’s tackle, the first cost and repairs 
would be largely increased. Altogether the compari- 
son of Mr. Hutchinson is not a fair one, irrespective 
of any consideration of either system of steam plough- 
ing. It is unfair because the circumstances in the two 
cases were widely different. 

The balance of evidence, so far as published, is, 
however (as was to have been expected), against the 
alleged cheapness of Smith’s system as compared with 
Fowler’s. Many gentlemen, large cultivators by steam, 
have written to the agricultural papers, giving a totall 
different experience. One gentleman, Mr. J sem 
Nicholls, of Queen Camel, Somerset, and who observes 
that “he is about the largest proprietor of steam cul- 
 tivating machines in England,” states that he has 
two of Fowler’s large sets of engines and tackle con- 
stantly let out at 20s. an acre, where six or seven of 
Smith’s, in the same neighbourhood, are scarcely ever 
hired, although let out at 6s. per acre. And Mr. 
Nicholls further says, that in the twenty-five working 
days of last September, he cultivated (not ploughed) 
exactly 225 acres of stiff clay land, or 9 acres per day, to 
a depth of from 12 in. to 18 in., and this, too, upon land 
that had never been steam ploughed before. Mr. Smith 
has raised several points, but none which appear to over- 
throw the great mass of public and private testimony 
now printed by Messrs. Fowler and Co., and to the 
effect that their large apparatus can plough from 53 to 
9 acres of stiff land per day, or cultivate nearly twice 
as much more, and to a depth of from 8 to 12 in., at a 
cost for ploughing, of from 5s. to 10s. per acre; the 
cost for cultivation being much less. Sufficient time 
has elapsed to thoroughly establish the fact that the 
working of such apparatus is not only much cheaper 
than horse-cultivation, but that it is largely preferred 
to other plans by experienced purchasers. 








Tue New Buackrriars BripeGr.—On the 18th ult., the 
first stone of the river piers of this bridge was laid by Mr 
William Hawtrey, the chairman of the committee of the Bridge- 
house estates, attended by the principal. members of the com- 
mittee and others connected with the works, The piers of the 
new bridge are being put in by means of wrought-iron caissons, 
six to each pier; four are rectangular, 36 ft. in length by 18 ft. 
in width, set side by side; these receive the foundation of that 
portion of the pier which carries the roadway. Two triangular 
caissons, one at each end, will carry the cutwaters or pointed 
ends of the piers, which project beyond the width of the road- 
way. The caissons are 46 tt. in depth, and consist of 18 ft. of 
ironwork, riveted together, sunk into the bed of the river and 
permanently left there, the upper 28 ft. being merely used as a 
temporary dam, which will be removed as the work proceeds, in 
such a manner as to allow of the masonry of the pier being built 
continuously in one solid mass throughout. The caissons are 
sunk well into the solid bed of the London clay. ‘The first 10 ft. 
is filled with concrete made with Portland cement, the next 8 ft. 
with brickwork. Upon this brickwork, 18 ft. above the real 
foundation and 24 ft. below Trinity high-water mark, the stone 
was laid. The committee had the opportunity of seeing the 
caissons in all stages of progress, some put together but still 
supported on timber framing, some just lowered on to the bed of 
the river, others partly sunk or down to their full depth. It 
was high-water spring tide at the time of laying the stone; 
nevertheless, the interior of the caisson was perfectly dry, the 
water being effectually excluded by the close riveting of the 
plates and by the vulcanised indiarubber between the joints of 
the movable parts.. A glass bottle containing a copy of the 
Times and City Press, the cards of those members of the 
committee who were present, and of the engineers and contractors, 
together with a printed list of the members of the Bridge-house 
Estates Committee, was hermetically sealed and deposited in a 
deep recess beneath the stone. —Times. 

Lonpon Water.—From an analysis made last month by 
Professor Frankland, we find that the amount of solid matter 
contained in the water supplied by the metropolitan water com- 
panies, varies from 28 to 38.1 parts in each 100,000 parts of the 
water, Of this solid matter from 1.98 to 0.54 parts are organic 
or volatile, and can be driven off by incinderation, The water 
delivered by the Thames water companies contains a less amount 
of solid matter than that supplied by companies drawing their 
water from other sources; the proportion of organic matter is 
however generally greater. 

Biow1ne Enoines.—We learn that Mr. H. C. Coulthard, of 
Blackburn, has in press, and will shortly issue to subscribers, a 
work on blowing engines for blast, cupola, and other furnaces. 
Mr. Coulthard is a member of the firm of Messrs. W. Coulthard 
and Sons, makers of blowing engines, and has given much at- 
tention to the subject. 

VENEZUELAN CENTRAL Ramway.— Mr. Robert Francis 
Fairlie, chief engineer of this line, left London for Porto Cabello, 
on the 18th ult., to attend the opening of the first section of 16 
miles. Messrs. James Cross and Co., of St. Helen’s, are con- 
—* a number of four-cylinder engines, under Mr. Fairlie’s 
patent, for working this railway, the first in Venezuela. 
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ROOF OF THE SAINT PANCRAS STATION—MIDLAND RAILWAY. 
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Tuts roof has been designed by Mr. William Henry Barlow, 
F.R.S, engineer to the Midland Railway Company. The con- 
struction of it is entirely novel, as will be seen by the accom- 
panying illustration, which was supplied to us by Messrs. Ordish 
and Le Feuvre, by permission of Mr. Barlow. The roof is not only 
novel in its construction, but has a larger span than any = 
erected; and when it is completed there can be no doubt but 
that, as an engineering work, it will be inspected and 
admired by all our own engineers as well as every continental 
engineer who may visit England. The novelty consists not only 
in its large span of 240 feet clear, but also in its construction 
and general outline viewed in its interior. ‘This station and roof 
will altogether be a work of art, for some of the first architects 
of the day have sent in designs for the station buildings, 
having taken the design of the roof as a basis upon which to 
work out the architecture of the other portions of the station. 
These designs are now under the consideration of the Midland 
Railway Board at Derby. 

The height of the roof at the ridge will be upwards of 125 
feet above the level of St. Pancras-road; so that the whole 
station will have a very imposing appearance when viewed from 
its exterior as well as from its interior. The novelty of its 
construction consists mainly in the form of the main ribs, which 
are curved and act principally as an arch springing from massive 
brick piers at the level of the platforms. The horizontal thrust 
of the arch is resisted by some of the wrought-iron cross girders 

ing the station floor, which girders are securely connected 
to the ribs at their springing; thus forming ties between the 
feet of each rib, below the level of rails and platforms. The 
curve of the ribs is of two radii of 160 feet and 57 feet, meet- 
ing at an angle in the centre, 100 feet above the level of 
rails, 
The roof is 240 ft. clear span, and 690 ft. long, covering ten 
lines of rails, five platforms, and a cab stand or road 25 ft. 
wide, between the arrival platforms; the whole forming an area 
of 165,600 square feet, independent of the station walls. 

The level of the platforms is about 23 ft. above the level of St. 
Pancras-road, and the station floor, as before stated, is carried on 
wrought-iron girders. These are supported by cast-iron columns, 
and a large and convenient store is thus formed underneath the 
whole of the station. 

The framework of the roof is wholly of wrought iron, with the 
exception of cast-iron ornamental bases to the main ribs. It is 
not certain that even this cast-iron work will be applied, and if 
not, the whole of the roof, with the exception of the covering, 
will be of wrought iron. 

The main ribs are 29 ft. 4 in. centre to centre, and have three 
intermediate ribs between them at equal distances apart, carried 
at every 18 ft. Gin. by trussed purlins between the main ribs. 
These trussed purlins are so constructed that they stiffen the 
bottom flanges of the main ribs laterally. The lower sides of 
the roof are to be covered with slates on boarding, while the 
centre portion will be glass, “ridge and furrow,” skylight at 
right angles to the ridge, 152 ft. wide, extending nearly the 
entire length of the roof. The front end of the station may be 
enclosed by a gable, or by the proposed hotel, and the train end 
will be encl by a gable formed of wrought-irou framing, and 
glazed on wooden sash bars; the height from level of rails to its 
under side, will be about 20 ft. This gable is carried by a wrought- 
iron arch, the thrust being taken by a horizontal tie, which is 
braced for any unequal strains. The bottom of the gable will be 
connected in two places to heavy brick piers underneath the 
platforms, with strong wrought-iron frames for the purpose of 
resisting the horizontal strain that may be given by pressure of 
the wind on the large area of 14,400 square feet ‘presented by 
the gable. Ener gable is in the centre of two main ribs, and is 
so arranged that a large amount of ventilation passes over the 
top of S tetwen the two ribs. 
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The main ribs are 6 ft. deep, and formed with open box flanges 
104 in. deep; the flanges being braced together by diagonal 
channel irons and radial struts forming the ends of the purlins. 
The feet, or springing, of the ribs, to a height of about 25 ft. from 
platform level, are constructed ot plates and angle irons riveted 
together. 

The intermediate ribs are 10} in. deep, but it is not yet decided 
whether they will be made of 4 iron, or angle irons braced with 
light diagonal bars. 

The purlins are braced beams 18 ft. 6 in. apart, and the bracing 
is so arranged as to carry the proper portion of each of the three 
intermediate ribs, besides assisting to keep the bottom flanges of 
the main ribs in place. 

The whole of the roof is braced horizontally to resist any 
strains that may be caused by the pressure of the wind either 
on the gable or on the side. 

The weight of wrought iron in the main ribs, intermediate 
ribs, purlins, and wind ties will be about 1100 tons. 

Ventilation will be amply provided for by open spaces in the 
skylights, along the whole length of the ridges, and also along 
the eaves where the glass overhangs the gutter. 

For the convenience of access to any part of the roof, there 
will be a gangway at the foot of each skylight along the whole 
length of the roof; and each gutter of the skylight will have 
snow-boards along its whole length, with cross strips to enable 
the workmen to repair and paint any portion of the skylights. 

The question has often been asked, Why are such large span 
roofs made over railway stations, when smaller ones would 
apparently answer just as well at far less cost? The only 
answer is, they are made to keep the station clear of all columns 
and fixed supports; so that the rails and platforms can be laid 
down to the best advantage, and can be changed in position at 
any future time to suit the variations of traffic, without fear of 
the arrangements being interfered with by such roof eye 
Although if the position of the platforms should be decided to 
be permanent at the time the design is made, there is no neces- 
sity for large span roofs except for appearance, because columns 
could be fixed in the centre of most of the platforms without 
being any more in the way of passengers than the lampposts, 
seats, &c. which we see in many stations where the roofs are of 
large span. 

Although small span roofs are far more economical than large 
spans, the additional cost of such a roof as we have described is 
a mere atom in the estimate of the cost of the Midland Railway. 
And considering that as each of the railway companies who 
have a terminus in London are inclined to have a terminal 
station superior te any other company, both as to magnitude 
and grandeur, we can only still more admire Mr. Barlow’s —\ 
for the Midland Station roof, which, when carried out, will 
the finest in the world. 

At the present moment there is no terminal station in London 
sufficiently large for the traffic it will be required to take in a 
few years. 











Gas Purtrication.—Experiments are being now made at 
the Crystal Palace District, and other gas-works, to test the prac- 
tical value of a recent discovery by Dr. Letheby, who, besides his 
many other engagements, is now consulting engineer to several 
gas companies. He has found that the waste material of the 
soda manufacture, and known as “ soda waste,” is unexpectedly 
effective in absorbing the my te compounds in crude coal gas, 
and especially the obstinate sulphide of carbon. The soda 
waste is employed in the purifiers in layers, as much as oxide of 
iron is now generally employed to arrest the sulphur of sulphu- 
retted hydrogen. 

New Locomorives.—The Great Eastern Railway Compan 
have lately let to contract twenty new engines, with Bissell’s 





truck or bogie, now coming into extended use. 
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New Brast Furnaces.—A company has been formed to 
erect new blast furnaces at Grosmont, in Yorkshire. Mr. John 
Millward, of Stourbridge, is the engineer. The furnaces are 
to be 20 ft. in diameter in the boshes, and upwards of 60 ft. high. 

WrovucGut-tron CAnnon.—Mr. Patrick Danvers, of New 
York, is now making at his forge a gun of 13-in. bore, 22 ft. 
long, and 48 in. diameter. 

Iron Bripees.—The Bombay, Baroda and Central India 
Railway has about six miles in length of bridging, formed wholly 
of Warren’s girders of 60 ft. span each. Rather more than a 
year ago, 300 spans of these girders were let for the second line, 
and, but a few weeks ago 200 additional spans were let at a 
contract price of 137.10s. per ton. Of these orders a company, 

ding to the busi of Messrs. Westwood and Baillie, 
obtained one half, while Mr. Campbell, of Silvertown, and formerly 
of the firm of Westwood, Baillie and Campbell, obtained the 
other half. 

AGRICULTURAL ENGINEs.— Considerably more than one 
thousand farm engines are now made yearly in England. Nathan 
Gough, of Manchester, was, we believe, one of the very earliest 
makers, but it was nearly twenty years afterwards before Messrs. 
Clayton, Shuttleworth and Co., of Lincoln, commenced their 
career as constructors of portable engines. Their success is 
hardly paralleled in the history of the engineering trades. They 
have already turned out upwards of 7000 portable and traction 
engines, most of which are still at work, in all parts of the world. 
Their success has led to the establishment of like but much 
smaller factories at Lincoln, such as Messrs. Robey’s, Messrs. 
Ruston, Proctor and Co.’s, and Messrs, Foster’s; while other 
firms, in all = of the kingdom, have followed the same 
general plan of engine; so far; indeed, that an uninitiated person 
could hardly distinguish between the one hundred or more 
portable engines exhibited at the Royal Agricultural Society’s 
annual shows, although competent observers can instantly dis- 
tinguish the differences in detail, and especially in mechanical 
finish, painting, &c. It is not easy, indeed, to depart widely 
from the now well settled plan of good portable engines; they 
are all of the locomotive type, and some are of great simplicity. 
The design of ploughing and traction engines offers more scope 
for originality. Mr. Aveling, of Rochester, has given a new 
direction to the introduction of steam on farms and common 
roads, and has produced the simplest, and perhaps we ought to 
say the best, traction engine in use; at any rate, one from which 
other makers are now copying freely. Aveling’s engines are 
certainly far more widely used than any others for the same 
purpose. Messrs. Howards, of Bedford, some time since, brought 
out a distinctive and we believe very successful design for 
ploughing engines—perhaps the most original, considering its 
sana success, of any that has appeared. We believe this 
irm intend to engage largely in the manufacture of engines, in 
addition to their extensive manufactures of ploughs and other 
agricultural implements. The comparative stoppage of the 
Egyptian trade, which, a year or so ago, was exceedingly brisk, 
has, in the mean time, led some of the makers of ploughing 
engines to turn their attention to contracts for railway locomo- 
tives. 

Tue YorksHrrE Locomotive Works.—This establish- 
ment, near Sheffield, and which, it was some time ago announced 
in the Times City article, is intended to complete no less than 
four hundred locomotives yearly, or more than one every day, is 
understood to be progressing towards completion. 

A Loap For A Rattway Truck.—The base for the Welling- 
ton Monument at Strathfieldsaye left Penrhyn lately by rail. The 
block weighs 35 tons, and the packing 2} tons—gross 374 tons ; 
the truck which received it weighs 8 tons—total 454 tons. The 
—— of the a was about 25 ft. ; oe wheel — 14 ft. only. 

t was removed special train, an ely over the 
Cornwall and South Devon lees.” — . 
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PUMPING MACHINERY IN DENMARK. 


AurnouGH the soil of Denmark, and particularly of that 
portion of it which forms the province of Jutland, consists mostly 
of sand, it is of a very fertile nature, if not kept too dry. The 
low lying districts, therefore, are well adapted for the production 
of grass crops, and as cattle form the staple commodity of the 
Jutland farmers, these portions of the land are eagerly sought 
after. The Danes have for centuries paid great attention to the 
reclamation of land from the sea, and on all parts of the Danish 
coast are to be found large fertile districts which were formerly 





Fia. 2. 


covered with water. This is particularly the case on the west 
coasts of Schleswig and Holstein, and these parts have conse- 
quently become the principal cattle-feeding grounds of the Jutland 
farmers. The unfortunate national animosity which at present 
exists between the inhabitants of Demnak proper and the 
Duchies, bas caused the Danish farmers to pay more attention 
than ever to the reclamation of land, and all small creeks and 
fjords are eagerly taken. The larger and more costly under- 
takings of this kind are, however, not so readily entered into, as 
the capital required for their successful accomplishment is too 
great for the means at their disposal. As soon as a tract is re- 
claimed, however, they are but too glad to get possession of it; 
and as the land in Denmark is mostly held by independent 
farmers, each having a freehold averaging about 300 acres, the 
competition is very great, and the price realised very high. 
Indeed, nearly every undertaking of this kind, which has been 
properly conducted, has brought in a profit of upwards of 100 
= cent., while in some cases the returns have been immense. 
n order to encourage works of this kind, which are so conducive 

to the wealth and welfare of the country, the Danish government 
remit all taxes on the reclaimed land for periods varying from 
ten to twenty years, and it possesses, therefore, important and 
umping machinery for 


valuable privileges. 

The Stadil Fjord reclamation, the 
draining which forms the subject oft the present notice, is 
situated on the west coast of Jutland, and has been carried out 
by an English company, the capital required having been raised 
among a few gentlemen of influence who knew the value of such 
undertakings. The area to be drained is between 5000 and 6000 
imperial acres, and the construction and erection of the requisite 
pomping machinery was entrusted to Messrs. Gwynne & Co., of 

ndon, who are so well and favourably known for their centri- 
fugal pumping machinery. 

The general arrangement of the pumping machinery erected 
at the Stadil Fjord is shown by figure 1. It consists of two 
centrifugal pumps, driven by a pair of horizontal, high pressure 
condensing engines _—~ between them, the steam being sup- 
plied by two double flued Cornish boilers. The pumps are 
similar in general construction to the one shown by the same 
firm at the late International Exhibition of 1862. The exhibition 
pump had a revolving wheel 4 ft. in diameter, and discharge 
pipe 30 in. in diameter, and lifted 91 tons of water per minute, 
to a height of 20 ft. 83in., the duty being found, upon trial, to 
equal 83 per cent. The pumps for the Stadil Heol one larger, 
the revolving wheels being 5 ft., and the suction and discharge 
ne 3ft. Gin. in diameter, and it was contracted by Messrs. 

wynne that they should each discharge 25,000 gallons of water 
per minute, the average height of the lift being 6ft, The suc- 
tion pipes are each fitted with a 3 ft. 6 in. foot valve, and self- 














outlet pipes. The form of the blades of the revolving wheel, and 
the general construction of the pumps, is shown by the sections, 
figure 2. 
The connecting rods, which are 4ft. 6in. long from centre 
to centre, and 3}in. diameter at the neck, and 4in. at the 
middle, are coupled to a crank shaft placed in a line with the 
centre of the pumps, the pump shafts being indeed merely con- 
tinuations of it. The steam ports are 12in. by 1fin., and the 
exhaust ports 12in. by 3}in. The slide valves are also made with 
ports, 12 in. by 1§ in. passing through them, and are fitted with 
expansion valves working on the back of the main valves. These 
expansion valves are arranged so that they can cut off the steam 
at from } to 4 of the entire stroke, the degree of expansion being 
regulated by the governor, and this latter is fixed so that it can 
be worked by either one or both engines. The air pumps, which 
are of brass, with brass buckets and indiarubber foot valves, are 
placed in a line with the cylinders, and are worked by an exten- 
sion of the piston rod through the back cylinder cover. The 
condensers are fitted with a vacuum gauge, having a cock by 
which it can be connected with either engine. 
The boilers are 20 ft. long, and 6 ft. 3 in. in diameter, and have 
each two flues 2ft. 42in. in diameter, for a length of 6 ft., 
forming the furnace, and 2 ft. in diameter for the remainder of 
their length. The shells are made of the “ best best” Stafford- 
shire plates, $in. thick, and the front and back plates of the 
“best best best” plates, } in. thick. The furnaces are made of 
Low Moor plates # in. thick, and the domes, which are 2 ft. 6 in. 
in diameter and 3 ft. high, are of the “ best best” Staffordshire 
plates. The boilers are completely fitted with all the necessary 
mountings, and were tested to a pressure of 1501bs. sustained 
for two hours; they are fed by a donkey engine. 
As has been —_ mentioned, Messrs. Gwynne contracted 
that the pumps shoul ther raise 50,000 gallons per minute 
to an average height of 6 ft., and the consumption of fuel was at 
the same time not to exceed from 3 to 41b. per indicated horse 
power per hour. When the machinery was proved, however, it 
was found that the delivery considerably exceeded the quantity 
contracted for, the average discharge, when the trials were made, 
being 59,400 gallons per minute. The works were opened with 
great ceremony a few weeks ago, the King, Queen, and Royal 
Family of Denmark, with their suite, having travelled from 
Copenhagen (the greater part of the distance by posting), in 
order to resent. The King was so pleased with the works, 
and especially with the action of the machinery, that he con- 
ferred the Dagmar Cross of Honour on the engineers, and the 
company’s engineers, Messrs. English and Hausen, have expressed 
themselves in the highest terms as to its working, which has more 
than realised their expectations. Messrs. Gwynne are now con- 
structing several sets of similar machinery, and amongst others, 
one for Demerara, of the same size as that at the Stadil Fjord. 








BLAST FURNACES. 


Te great power of burden, or, in another word, 
the hardness, of the Durham coke is generally known. 
It is preferred by founders, and it is excellent for loco- 
motive engines. In an experiment made by Mr. Bell, 
one of the leading ironmasters of the district, at the 
Clarence Ironworks, a 2-inch cube of coke supported a 
weight of 25 ewts. when cold, and 20 cwts. when hot, 
before it crushed down. That is to say, it supported 
a weight, while hot, equal to that of a bar of wrought 
iron of a sectional area equal to one side of the cube, 
and 56 ft. high. Instead, too, of breaking up the 
ironstone into small bits, almost like road metalling, 
as in Staffordshire, the Cleveland ore is charged in 
large blocks, so that a very high column of materials 
can be carried in the furnace without choking the blast 
—the pillar of blast, commonly maintained, being from 
34 lb. to 4 1b. The furnaces in the Cleveland district 
are not peculiar, except in height, and many are 60 ft. 
high, nf upwards, A few years ago, Messrs. Bolckow 


and Vaughan (who are already working seventeen fur- 
naces in all, and building two more) started a furnace 





acting flap valves of the same size are fixed on the ends of the 
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boshes is, we believe, 16 ft. This furnace has worked 
well, although, as was expected, its yield does not ex- 
ceed that of the 60-ft. furnaces of the same diameter. 
The saving would appear more directly in lessening the 
necessary proportion of fuel consumed in smelting. A 
considerable number of experiments have been made 
upon the temperature of the escaping gases of the 
furnaces in the Cleveland district, and the average, 
with furnaces from 42 ft. to 48 ft. high, appears to run 
from 725 deg. to 800 deg. . With the 75-ft. furnace, 
however, the escaping temperature was not far from 
525 deg., thus showing a reduction of about 225 deg. 
Speaking of the measurement of high temperature, 
it may as well be said that a very neat and satisfactory 
mode is that afforded, as in these experiments, by first 
heating cylinders of copper, of known weight, in the 
hot gases, and then plunging them into a known weight 
of water, of any given temperature, within ordinary 
atmospheric limits. The specific heat of copper 
(0.09515), as of other metals, is easily determinable, 
and is well known. In other words, it is known that 
the quantity of heat, which would raise the tempera- 
ture of pure copper 100 deg., would raise that of the 
same weight of water but 94 deg.; and hence, if 1 lb. 
of hot copper be found to raise the temperature of 
20 Ib. of water, from 50 deg. to 55 deg., the original 
temperature of the copper must have been about 1100 
deg. Although not so convenient of application as 
Gauntlett’s pyrometer, this experiment, carefully con- 
ducted, is preferable on the score of certainty. 

The reduction of the temperature of the waste gases, 
as ascertained, after increasing the height of the fur- 
nace from 60 ft. to 75 ft., has induced Messrs. Bolckow 
and Vaughan to still further increase the height in a 
new furnace, which they are now building at Eston, to 
no less than 90 ft. to the metal ring. This furnace is 
otherwise of the ordinary section, and but 16 ft. in 
diameter in the boshes. The weekly run-out from 
other but lower furnaces of the same diameter, and 
working upon the same materials, is about 250 tons for 
the seven days, and it is not likely that the production 
of the new furnace will be greater, although the con- 
sumption of coke may be less. 

Some interest has been excited as to the forms of 
the furnaces in the Cleveland district, the ores of 
which differ so greatly from those of Staffordshire, 
Scotland, and Wales. Dr. Percy, in his book on Iron 
and Steel, gives a section, to a small scale, of one of the 
Clarence furnaces of Messrs. Bell Brothers, from which 
it appears that the angle of the boshes is considerably 
flatter than is now usually preferred in other districts. 
The diameter of the boshes appears to be about 16 ft. 
for a total height to the metal ring of 48 ft. The 
hearth is 6 ft. in diameter all the way, for a height of 
6 ft., and the full diameter of the boshes is reached 
thence in a height of about 10 ft. 6 in., giving an angle 
but very little steeper than 60 deg. with the horizontal, 
instead of 70 deg. and upwards, as more commonly 
employed in other districts. 

he growth of the Cleveland iron tra*2 has been 
very rapid, and still continues. Leaving out the 
always unfortunate Consett Company, which has gene- 
rally but 6 out of 18 furnaces in blast, there were, at 

a late enumeration, but 7 furnaces out of blast ina 

total of 85, or, including the Consett furnaces, but 19 

out of blast in a total number of 103 furnaees in the 

district. At the same time 13 large new furnaces 





75 ft. high at Middlesboro’-on-Tees. The diameter of the 





were in course of construction, and nearly completed. 
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THE ATLANTIC AND GREAT WESTERN 
RAILWAY. 


The following is an Abstract of the recent Report of 
J. 8. Fores, Esq., General Manager of the London 
Chatham and Dover Railway, to the Board of Control of 
the Atlantic and Great Western Railway. 


GenTLEMEN,—In accordance with your request I visited 
America in the months of September and October of this year, 
and have inspected the Atlantic and Great Western system of 
railways, 

The main line commences at a junction with the New York 
and Erie Railway at Salamanca, 414 miles from New York, and 
runs in a south-westerly direction (388 miles) to Dayton. 
From Dayton to Cincinnati (60 miles) the company have made 
such arrangements as enable their trains to run over that line, 
and they have the use of the passenger and goods depét at 
Cincinnati, as well as of a large suite of offices for the general 
busi of the y ; so that Cincinnati may be regarded as 
the actual terminus of the Atlantic and Great Western Railway. 
At Cincinnati it is joined by the Ohio and Mississippi Railway, 
which runs (340 miles) almost due west to St. Louis, on the 
Mississippi. By means of the three associated companies—the 
New York and Erie, the Atlantic and Great Western, and the 
Ohio and Mississippi—a new and unbroken communication, 1200 
miles in length, on the six-foot gauge, has been opened between 
New York, Cincinnati, and St. Louis, and between the Atlantic 
seaboard and the Ohio and Mississippi Rivers. 

The main line throws out a branch from Meadville to Oil 
City, a distance of 32 miles, accommodating the large passenger 
and goods traffic which has sprung up within so short a period 
n the remarkable oil region. Another branch rans north-west 
(50 miles) from Leavittsburg to Cleveland, and south-east 
(31 miles) from Leavittsburg to Youngstown and the Hubbard 
coal fields. A third branch runs from near Wadsworth station 
to the Silver Creek coal district (6 miles.) 

Besides these branches the company have undertaken the 
construction of two others; one from Randolph, near Salamanca, 
to Buffalo, at the north-east end of Lake brie (70 miles), and 
one from Niles on the Leavittsburg and Hubbard line, to the 
coal district of New Lisbon (30 miles). 

I paid particular attention to the construction of the road and 
works, and I am happy to be able to inform you that I found the 
general condition of the line, and especially of that considerable 
portion of the main line constructed within the last two or three 
a highly satisfactory. The bed and works of the railway 
nave been carefully made; the slopes in cuttings, as well as on 
embankments, being sufficiently fiat, and the various bridges upon 
the line being substantial and well put together. he per- 
manent way hys'been laid for a single Fine throughout, with rails 
which appear to be of very good quality, resting upon rec- 
tangular sleepers, for the most part of oak, larger in dimensions 
than those usually laid on English railways, and much closer 
together, being about 2ft. Sin. from centre to centre. The rails 
are, for a considerable distance, fished at the joints. Great care 
has been taken to procure suitable ballast, and the best that the 
district traversed will afford has been laid upon the line in 
considerable quantities, and is being added to from time to time 
as circumstances require, 

In the course of my visit to the United States I travelled over 
some thousands of miles of the principal railways, and I can 
say that, considering how,recently the greater portion of the 
Atlantic and Great Western has been constructed and opened, 
I saw no railway in more efficient condition, and, indeed, very 
few equal to it, either in respect to the quantity of material and 
ballast on the permanent way, or in the care with which it ap- 
peared to be maintained, 

As with the permanent way, so with the stations. A more 
economical plan has been followed in their construction than is 
usual in this country. The judicious plan appears to have 
been acted upon of at first providing accommodation by means 
of buildings of « tempo character, with the intention, later, 
of extending them, and adapting them to the enlarged business 
to be created by the existence of the line. The chief stations 
are, however, commodious, well constructed, and fully suited to 
the purposes of a considerable traffic. 

Amongst the material improvements which are being energeti- 
cally proceeded with, is the provision of permanent shops and 
accommodation for the locomotive establishment. This is one of 
the very first necessities of railway administration. All other 
things hinge upon the efficiency of this branch of the service, 
and ay tends more to maintain this efficiency than the 

rovision of convenient premises, well laid out, and proper! 

tted with machinery, where repairs of the locomotive stoc 
can be carried on rapidly and under effectual supervision. 
These new shops, the general arrangements of which I was 
able thoroughly to approve, were building at Kent and Meadville, 
according to n hes prepared by the engineer in conjunction with 
the locomotive superintendent. 

The opening of the through communication between New 
York, Cincinnati, and St. Louis, and the consequent development 
of the traffic, has been immediately followed by a demand for 
stock much beyond what the company have been able to meet, 
One of the most significant intimations I received of the future 
prosperity of the railway, was in the rep~esentations made to me 
at nearly all the principal places on the line where I had the 
opportunity of conversing with merchants, traders, and others 
as to the difficulties they experienced in forwarding produce, not 
only by the Atlantic and Great Western, but by railways gene- 
rally, in consequence of the great deficiency of rolling stock. I 
was assured of this at Cincianati, St. Louis, at Toledo, and at 
Chicago, and it was asserted that the traders were on this 
account frequently prevented from making use of the railway, 
and were compelled to resort to water carriage. 

As to the existence in the districts served by the company, of 
an enormous business in freight, both in through and local 
traffic, there can, I think, be no question. After leaving 
Salamanca, in the State of New York, the line traverses Penn- 
sylvania for 98 miles, and then passes through 247 miles of the 
State of Ohio. These two States are amongst the most thickly- 
populated in the Union. As agricultural states, they are second 
to none, and they abound in coal and other mineral productions. 








The population of Pennsylvania at the last census, in 1860, was 
2,900,000, equal to 64 persons to the square mile, and had in 
ten years increased by 600,000. There were over 10,000,000 
acres of land under cultivation; and about 1,500,000 head of 
horned cattle, 1,600,000 sheep, and 1,000,000 hogs were owned 
in the State. The produce of the wheat crop in 1860 was 


18,000,000 bushels; of Indian corn, 28,000,000 bushels; of | 4 


oats, 27,000,000 bushels, besides large quantities of buck-wheat, 
rye, and barley. The potato crop yielded nearly 12,000,000 
bushels; and no less than 2,245,000 tons of hay were made that 
year. The amount of coal raised was about 9,000,000 tons of 
anthracite, and 2,500,000 tons of bituminous coal. The length 
of railroad in operation increased from 823 miles in 1850 to 
2542 miles in 1860. 

In the State of Ohio the pote in 1860 was 2,340,000, 
equal to 59 to the square mile, and it had increased in ten years 
by 350,000. The land under cultivation was 12,665,006 acres ; 
the number of horned cattle owned in the State was 1,650,000; 
of sheep, 3,000,000 ; and of hogs, 2,200,000. ‘The cereal crops 

roduced in 1860, 14,500,000 bushels of wheat, 70,600,000 
ushels of Indian corn, and 15,500,000 bushels of oats, besides 
large quantities of rye, barley, and buck-wheat. The potato 
crop yielded 8,752,000 bushels ; and 1,600,000 tons of hay were 
made. Of coal, 1,133,000 tons were produced, and nearly 
2,000,000 bushels of salt. The length of railroad in 1850 was 
575 miles, which, in 1860, had increased to 2999 miles. 

The development of these two States since 1860 must have 
been very great. In Pennsylvania the oil regions were almost 
unknown at that period, but within the last four or five years an 
energetic and enterprising population has migrated to the 
district, and large towns have sprung into life in the immediate 
vicinity of this railway. At Corry 5000, at Franklin 5000, at 
Oil City and Pit Hole 10,000, at ‘Titusville 10,000 people are 
congregated, besides many thousands scattered over the whole 
region. These people, many of whom are wealthy and all highly 
paid, consume and travel much, and are excellent customers to 
the railway. The investment of capital in the sinking of new 
wells is already very great, and is steadily going on, and the 
aggregate production of oil increases from day today. 

The quantity forwarded from the stations on the Atlantic and 
Great Western Railway in 1863 was 533,000 barrels, and in 
1864, 675,028 barrels. The quantity forwarded in the present 
year will, it is expected, show a considerable increase upon 
1864. It is estimated that the entire oil district of Pennsylvania 
now yields the astonishing quantity of 80,000 to 90,000 barrels 
per week; equal at the lower figure to say 4,000,000 barrels per 
annum. 

‘The oil will afford a very heavy rate for transit over the rail- 
ways, and as much as 3d. and 4d. per ton per mile is willingly 
paid for its conveyance. 

Considering the large amount of this traffic which must be 
secured to the company by the favourable position of the rail- 
way, the rapid increase of population constantly being attracted 
to the district by oil enterprise, and the large business and 
wants these people bring in their train, the value of this local 
traffic to the company must be apparent. 

In Ohio, since 1360, a large increase of coal traffic has taken 
place; but, comparing it with the coal trade of Pennsylvania, 
the quantity raised is still small. An energetic development of 
the coal property is, however, now taking place, and an illustra- 
tion of this is to be found in the district through which the New 
Lisbon Branch is being constructed. This district abounds in 
coal of an excellent quality ; and a company, composed of ver 
influential gentlemen resident or interested in the neighbourhood, 
has been formed to bring several large properties, embracing 
60,000 acres of coal field, into full work, so soon as the com- 
pletion of the line affords access to suitable markets. 

in other respects this State is considered to be one of the most 
rapidly growing in population and prosperity, : 

esides the enormous local traffic, of which the figures given 
above are a sufficient indication, more important still is the 
trafic of those great centres of trade, St. Louis, Cincinnati, and 
Chicago. St. Louis, the western terminus of the broad gauge 
system, is that point on the Mississippi River where the transfer 
of trade takes dso between what is called the Lower and Upper 
Waters. ‘The Lower Waters extend from St. Louis to New 
Orleans and the Gulf of Mexico, some 1200 miles; and the 
Upper Waters, voip seme | the Upper Mississippi, and the Mis- 
souri, which runs into the Mississippi some short distance from 
St. Louis, afford water communication over many thousands of 
miles. ‘The fleet of steamboats congregated at St. Louis for the 
navigation of the Upper and Lower Waters is most imposing in 
number and appearance, and cannot fail to create surprise in the 
minds of gentlemen to whom the shipping in the Thames and 
Mersey is a familiar sight. The population of St. Louis at the 
last census numbered over 160,000, having increased in ten 
years 83,000; and the transfer trade carried on there is 
immense, At Cincinnati similar evidence of a great business is 
apparent, and its position on the Ohio River makes it the 
emporium of the trade of the district traversed by that river. 
Its population in 1860 was 161,000, having in ten years in- 
creased 46,000. 

Chicago, situated at the southern end of Lake Michigan, in 
the flourishing State of Illinois, is the great centre of the trade 
originating on the shores of that lake, and in that fruitful State, 
and exceeds both Cincinnati and St. Louis in the extent of its 
business. In 1860 it contained a population of 109,000, and had 
increased in ten years 79,000. According to the returns of the 
Chamber of Commerce of Chicago for the current year, the 
population is estimated to have increased in 1864 to 196,000, so 
that in five years it has grown by 86,000. 

As a general indication of the amount of business done at 
Chicago, it ‘may be stated that in the year ending the 31st of 
March, 1865, 1,228,000 barrels of flour, 10,250,000 bushels of 
wheat, 12,740,000 bushels of Indian corn, and 16,474,000 
bushels of oats were exported from that city by the lakes and 
various railways, 

With reference to the through traffic, it is most important to 
observe that upon the other main lines of communication between 
the east and the west, it forms a much larger element in the 
receipts than even the local traffic. 

The Atlantic and Great Western, in connexion with its allies 
at its eastern and western extremities, affords the best commu- 
nication between New York, Cincinnati, and St. Louis, and by 





way of Cleveland, between New York, Toledo, and Chicago. The 
passenger traflic between these cities, and the important districts 
of which they are each the centre, is very valuable, and in my 
opinion it is in the power of the associated companies to conduct 
the service both in passengers and light goods in such a manner 
and upon such terms as must distance all competitors. The 
uge being six feet, the companies have been able to put upon 
the line rolling stock of a character superior in its accommodation 
and comfort to that of any existing on other lines. This ad- 
vantage is all-important in anon over such great distances, 
and where travellers are frequently obliged to spend 24, 36, and 
even 48 hours, in continuous travelling. A sufficient number of 
trains between New York and Cleveland, Toledo and Chicago, 
and between New York and Cincinnati and St. Louis, running 
at a good speed and with unfailing punctuality, would, I have 
no doubt, secure to the associated companies, almost a monopoly 
of the passenger traffic between these cities. 

By means of the International Bridge at Buffalo, the erection 
of which will, I understand, be forthwith carried out by the 
companies interested working in conjunction with each other, 
this railway will be brought into direct communication with the 
Great Western of Canada and with the Grand Trunk system. 
This connexion is of the greatest possible value, especially in re- 
ference to the large importation of coal into Canada, which will 
certainly result from the facility afforded for sending the coal by 
railway direct from the pits on the lines of the Atlantic and 
Great Western. 

Besides the outlets afforded to the company’s traffic by their 
own branch railways, and by their existing alliances with the 
New York and Erie Railway, the Ohio and Mississippi Railway, 
and the companies between Cleveland, Toledo, and Chicago, the 
fact of the Atlantic and Great Western line being crossed at a 
great number of points by other important systems of railway, 
will afford the opportunity of cultivating amicable arrangements 
with the owners of those systems for the interchange of traflic 
and the furtherance of mutuai interest. 

The following are the principal places where such interchange 
would be most advantageously effected :— 

At Greenville...with Erie and Pittsburg Railway. 
tavenna ...with Cleveland and Pittsburg Railway. 
ABSORB csccss with Cleveland, Zanesville, and Cincinnati. 
Pittsburg, Fort Wayne, and Chicago Rail- 
Mansel ..witn} way. 
Sandusky, Mansfield, and Newark Railway. 


Galion Cleveland, Columbus, and Cincinnati Rail- 
and «With way. 
Marion 5 Bellefontaine Railway, 
Totus +1 € Great Central Railway. 
Urbana ...... with U Sandusky, Dayton, and Cincinnati Railway. 
Springfield and Columbus Railway. 
Springfield win) Mount Vernon, and Pittsburg 
Sandusky, Dayton, and Cincinnati Railway. 
Dayton and Michigan and Chicago and Great 
. P Eastern Railway. 
Dayton ...... wi) Central and Dayton and Western 
Railway. 


Indianopolis and Cincinnati Railway. 


. P Kentucky Central Railway. 
Cnc Memphis, and New Orleans 


Steameis. 

With respect to the working expenses of the company, I 
have not had the means of accurately ascertaining what they 
amount to. I do not think that the working expenses will be 
so low as in an yet when the line has been opened for 
its full length of 607 miles, has been long enough in operation 
to become, so to speak, settled down, when time sufficient has 
elapsed for the staff to be thoroughly organised, and when that 
amount of additional traffic which the present establishment is 
capable of dealing with is brought upon the railway, I believe 
that the expenses may be fairly estimated not to exceed 6000 
dollars per mile per annum. 

The whole amount authorised to complete the lines is 
60,000,000 dollars, half in bonds, bearing interest at the rate of 
7 per cent, per annum, and half in ordinary shares. 

The interest on the bonds, payable at the rate of 4s. to the 
dollar, will require a net receipt of 2,800,000 dollars per annum. 
The working expenses for the whole length of 607 miles should 
not exceed 3,642,000 dollars per annum: and any excess earned 
upon the sum of these two amounts, viz. 6,442,000 dollars, would 
be for the benefit of the ordinary shareholders, 

The receipts for the first six months of the present year 
earned upon the 322 miles then open were 2,579,737 dollars; 
and for the months of July, August, and September, upon the 
490 miles then in work they were 2,011,676 dollars. It the re- 
ceipts for the months of October, November, and December equal 
those of the preceding three months, as it is assumed they will, 
then the gross receipts for the year 1865 will be 6,603,089 dol- 
lars. Had the whole of the 490 miles been opened through- 
out the year, the receipts, at the rate earned for the last three 
months, would have amounted to 8,046,704 dollars. 

But an additional length of 117 miles of the company’s lines 
remains to be completed or brought into use, and when this 
shall have been done it is only anticipating a very small growth 
in the traffic of the main line to suppose that the total 607 miles 
of lines then in work will earn as much per mile per annum as 
that which has in the present year been obtained upon the 
smaller mileage already open. In that case the gross annual re- 
ceipts will not fall short of 10,015,000 dollars, and after deduct- 
ing the interest upon the bond debt and the working expenses, as 
above stated, a balance of 8,573,500 dollars would remain in 
favour of the holders of the ordinary stock. 

The results already achieved are extraordinary for a line re- 
cently opened, and before it is possible that the arrangements for 
the conduct of the through traffic can have been so far perfected, 
or its existence as a new route so widely known as to have at- 
tracted to if more than an inconsiderable part of the business 
which must ultimately flow on to it. 

Looking at all these facts, and at the experience already at- 
tained of the amount of local and through traffic which the line 
commands, it appears to me to be perfectly certain that the in- 
terests of the bondholders in the Atlamtic and Great Western 
Railway are from this time quite secure, and that after thtir 
claims are satisfied, the ordinary shareholders may look to be 
immediately rewarded with a considerable dividend, which must 
grow with the extending business certain to come upon their 
railway from year to year. 
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NEW METROPOLITAN RAILWAYS. 


Mr. Sranrord’s map of the metropolis, with the 
existing railways, and the routes traced out for this 
year’s oo a is a most bewildering diagram, with 
interminable tangles, knots, and loops. Most of us 
have become tolerably familiar with the map of London, 
and can carry the position and courses of its principal 
streets in the mind. But these new lines really run 
everywhere and every way. Yet it is probable that, 
with the exception of directly competing railways, they 
are all needed. Mr. Hawkshaw is engineer (in most 
cases in conjunction with Messrs. G. R. Stephenson, 
J. S. Burke, F. T. Turner, Peter Ashcroft, or Francis 
Brady) to eight of these new undertakings, for which 
powers are sought, and each of which includes from one 
to nine lines and branches. Mr. Fowler, either alone 
or in conjunction with Messrs. T. Marr Johnson, M. 
Lane, and A. G. Linn, is at the head of eleven more. 
Sir Charles Fox and Mr. Rammell have four lines be- 
tween them, Mr. Hemans two, Messrs. Ordish and Le 
Feuvre two, Mr. Robert Sinclair two, while Messrs. 
Joseph Cubitt, William Baker, George Berkeley, Hood 
and Jacomb, Charles Liddell, W. Marr Brydone, J. 
W. Newton, E. F. Murray, J. H. Shipway, J. Glad- 
stone Davenport, W. R. Galbraith, H. Fulton, and 
others, have each one or more bills for new lines for 
the consideration of the Referees’ Court. 

The following are Mr. Hawkshaw’s lines: First, 
City, Kingston, and Richmond, extending from Balham 
Hill through Tooting and near Lower Morden to King- 
ston and Richmond, a distance of 13 miles; noses 
London, Chatham, and Dover and South-Eastern, con- 
tinuing the first-named line through Brixton and down 
the Clapham and Kennington roads to a junction with 
the Chatham and Dover line, near Blackfriars station. 
Three other bills are for the East London Railway, 
one being for its eastern extension, a line from near 
the London rom Whitechapel, and across Bow- 
common and the Ham Abbey Marsh to Galleons Reach, 
near the Victoria Docks. Another is for junctions 
with the Great Eastern near Brick-lane, and a third, 
the South Western extension of the East London, 
reaches from a junction with the South-Eastern, near 
Deptford, and westward across the Camberwell-road to 
junctions with the South-Western line near Nine Elms. 
n these three bills for the East London Railway Mr. 
Hawkshaw is associated with Mr. G. R. Stephenson 
and Mr. J. 8. Burke. The three bills are for lines 
11} miles in length. Mr. Hawkshaw’s next bill is for 
the North Metropolitan, with nine lines and branches 
of a total length of about 264 miles. It will, no doubt, 
be well opposed by the North London, as it follows a 
course nearly parallel with their line from near the 
Victoria Docks to Highbury. Thence it extends 
through Upper Holloway, under the Vale of Health 
and Hampstead-heath, through North-end, across the 
Edgware-road, through Willesden, and on to the Great 
Western Railway near Southall station. Another bill 
is for a line through Greenwich from the present station 
and between Greenwich Hospital and the Naval Asylum, 
to connect with the North Kent line. The eighth bill 
is for a great line of railway to Brighton vid Lewes. 
Altogether, Mr. Hawkshaw and his associates will 
bring nearly 110 miles of new lines before the referees. 

Mr. Fowler’s — line, is that from the Metro- 
—— system at Earl’s Court, extending through 
Fulham, over the Thames, thence past Barnes, and 
“on to Richmond.” It will be opposed by the South- 
Western Company, following, as it does, almost their 
own line from Barnes to Richmond. Another line from 
Walham-green extends across the Thames to Roe- 
hampton. Then there are the Metropolitan and St. 
John’s-wood extensions, 14 miles in all. One line 
extends from Chalk Farm, parallel with the Primrose 
Hill tunnel of the London and North-Western Rail- 
way, to the St. John’s-wood line, thence, coinciding 
with one of Mr. Hemans’s lines, nearly parallel with the 
Finchley road, and across one corner of the Kidderpore 
Hall property (ruining one of our favourite walks), and 
to the Hendon-road, whence branches extend, one to 
Finchley, and another to the Midland Railway at 
Hendon, and the Watford and Fdgware Junction (au-, 
thorised) line at Edgware. Another extension of the 
Metropolitan and St. John’s-wood line will run to 
Kilburn. Another extension will be from that already 
authorised to Hampstead, under Hampstead-heath to 
Muswell-hill. In all these, and most of his other lines, 
Mr. Fowler has the assistance of Mr. T. Marr Johnson 
the resident engineer, under Mr. Fowler, of the Metro. 

olitan Railway. The most interesting of all Messrs. 
owler and Johnson’s plans, is that for the station 
which are to be single line branches, 
pneumatic system, from the Metropolitan 


collecting lines, 
worked on the 


line to Oxford. 


the Exhibition-road, to Kensington Gore. 


Cadogan pier. 


Oxford-street, to the Marble Arch, and thence unde 
near Shepherd’s Bush. The length contemplated i 


Railway, comprises eight lines, and branches of a lengt. 
of 183 miles. 


the Crabtree tavern. 
bridges, and that of Messrs. Ordish and Le Feuvre’ 


inn. 
There are no less than four new lines aimed a 


the Great Northern and the Midland Railway. 


Fowler’s, and the fourth is Mr. Cubitt’s. 
Sir Charles Fox and Mr. Rammell have two lines 
forming together a railway from Clapham-common 


station of the North London Railw: 


Millwall Ironworks, Isle of Dogs. 
not for a railway. 


railways. 


converted by Dodds’s process. 


to time return to the subject. 








LETTER FROM THE LATE PRESIDENT LINCOLN.—The letter, 
of which the following is a copy, recently passed through our 
hands. It was written throughout by the president himself, 
and we give it here as an interesting example of the precise and 
decisive style of the great and earnest man by whom it was 
composed :— 

‘“ Executive Mansion, Washington, September 28, 1863. 
“ Mr. Horatio Ames, Falls Villiage, Connecticut. 

‘* Tf you will, on or before the first dayjof March, 1864, within 
the State of Connecticut, or at any point nearer this city, pro- 
duce fifteen guns, each of capacity to carry a missile of at least 
one hundred pounds weight, and notify me thereof, 1 will cause 
some person or persons to examine and test said guns; and if, 
upon such examination and test, it shall be the opinion of such 
person or persons, that said guns, or any of them, are, on the 
whole, better guns than any of like calibre heretofore, or now in 
use in the United States, I will, on account of the United States, 
accept said guns, or so many thereof as shall be so favourably 
reported on, and advise that you be paid for all so accepted, at 
the rate of eighty-five cents. per pound, avoirdupoise weight, of 
said guns so accepted ; it being understood that I have no public 
money at my control with which I could make such payment 
absolutely. Yours, &c. (Signed) A. Lincotn.” 

Tue Proposep Pneumatic RAILWAY UNDER THE 
MERsEY.—The ow ge railway from Liverpool to Birkenhead 
is to be a mile and three-eighths in length. There are to be 
two stations in Liverpool and one at Birkenhead. The cost is 
estimated at 300,000/., with borrowing powers to raise the 
capital to 400,0007, This estimated cost will, however, be much 
reduced if the bed of the river be found to consist of rock instead 
of quicksands. It is estimated that on 300,000/. the traffic will 
produce 80,000/. a year, to pay-a 5 per cent. dividend, and 
10,0001. for working expenses. The speed is to be at the rate 
of 20 miles an hour, and each train for goods and passengers 
can carry at least 500 passengers, who are to be charged 34d., 
2d., and 1d., according to class. There will be no danger of 
collision, and the carriages, luxurious and well lighted, will 
always be in plenty of fresh air. No opposition from “ vested 
interests” on either side of the Mersey is anticipated. 

RaILWAYs AND GRAVEYARDS.—The underground railways 
will disturb more than one graveyard in the metropolis. The 
contractors always solicit and obtain from the Bishop of London 
the appointment of a person to supervise the disinterment and 





-Street, under Baker-street, Great Port- 








removal of the remains disiurbed. 


land-street, and Gower-street respectively, while an- 
other is to reach from the new inner circle line, under 
A further 
collecting line will extend from the imer circle to 


An important scheme is that of Messrs. Hemans, 
Travers, and Falkiner, the Mid London Railway, to 
extend from Holborn, just south of and parallel with 


the Uxbridge-road to junctions with the West London 
6} miles. Mr. H. H. Fulton’s bill for the Nort ame | 


It is to extend from South Kensington 
to Richmond, and from Wandsworth-common to 
Kingston, with a connecting line through Fulham and 
Roehampton. It includes two bridges over the Thames, 
one just above Putney-bridge, the other not far below 
Indeed, with Mr. Fowler’s two 


Wimbledon Railway, there are no less than five new 
railway bridges proposed over the Thames within a 
distance of one and a half miles in all, as measured 
from a little below Putney nearly up to the Crabtree 


Barnet, all included within the narrow district between 
One 
is Mr. Hemans’s, one is Mr. Liddell’s, one is Mr. 


down the Clapham-road, under the Thames just below 
London-bridge, and on to near the Liverpool-street 


ay. 

Mr. Sheilds has a bill for a “ = under the 
Thames, from Church-street, Deptford, to near the 
This, however, is 


Mr. Rammell’s bill for the extension of the Waterloo 
and Whitehall Railway to Newington-butts is in- 
teresting, as showing the impetus which the pneumatic 
system has acquired. Long before this journal was in 
existence, the writer did his best to elucidate the ad- 
vantages of that system, and now that the public have 
become familiarised with the principle, we are not sure 
that it will not yet be extended to all the underground 
Upon the short line of the Metropolitan 
Railway the wear of rails, due in a great measure to 
the excessive weight of the engines—and only very 
heavy engines will do the work—has been at the rate 
of about 5000/. worth yearly. These were iron rails 


We cannot now notice all the projected railways 
within the metropolitan limits, but we shall from time 


TESTING LOCOMOTIVE BOILERS. 


On the 1st inst., the boiler of a locomotive belong-’ 
ing to the Great Northern Railway Company exploded 
near the Nottingham Station. Nobody was killed, and 
there will therefore be no public inquiry, but the first 

uestion which such an occurrence suggests to us is— 

ad the boiler been recently tested? It is curious 
that, in the face of a mass of evidence in its favour, the 
hydraulic test is never used on several of our principal 
railways. The Great Eastern, the North London, the 
South-Eastern, the Caledonian, and some other com- 
panies, do use the test regularly; but on the London 
and North-Western, the Great Western, and, we be- 
lieve, also on the Great Northern and several other 
lines, it is not applied. On the Great Eastern Railway 
the boilers are tested as far as possible every twelve 
months, and the: system is found to work well. The 
testing pressure is not excessive, being equal to about 
one and a half times the working pressure. 

In the course of our own experience we have known 
several instances in which the application of the hy- 
draulic test has revealed defects which, if not thus dis- 
covered and remedied, would, in all probability, have 
led to the most serious results. We do not consider 
that the hydraulic test is any substitute for a thorough 
external and internal examination of a boiler, but it is 
a most useful auxiliary, and it is a test which can be 
applied at times when an internal examination of the 
boiler is impossible. In the case of locomotive boilers 
especially, an internal examination is an expensive 
affair, necessitating as it does the removal of tubes, 
&c. ; and, although we are far from advocating that 
false economy which would begrudge the expense of 
fexamining a boiler, yet we know that the question of 
cost is an important one in connexion with boiler 
working, and for that reason a test which can be 
cheaply applied is more likely to be used than one in- 
volving a great outlay. 

When a boiler is tested by hydraulic pressure, it 
should be completely stripped, so that it can be tho- 
roughly examined during the time the pressure is ap- 
plied. 14 would also be doubtless better if the prin- 
cipal dimensions of the boiler were checked before the 
pressure was applied, as well as during its application 
and after its removal, and any differences waa may 
exist noted; but even without such precautions the 
degree of regularity with which the pressure increases 
under the action of the pump, and the constancy with 
which it is maintained, enable a person who has had 
any practice in the application of the test to judge very 
accurately of the state of the boiler under trial. The 
test is altogether, when carefully applied, a simple and 
effective one, and we sincerely trust that its use mav 
become extended. 
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Foor Bripers AND TUNNEL CRossINGs IN THE CITY.— 
The New City Traffic Bill, to be brought forward in the —. 
session, provides for empowering the City Commissioners o 

Sewers, with the consent of the Gourt of Common Council, to 
construct bridges and subways for the accommodation of foot 
passengers at crossings or intersections of streets, wherever they 
may think such accommodation is required, and to purchase 
houses or land for the purpose of forming the necessary ap- 
proaches ; and to defray the costs of such bridges, subways, and 
purchases out of the consolidated rate. Of late there have been 
several fatal accidents, as there have often been before, at crossings 
in various parts of the city, and the danger at such wy to life 
and limb appears to be greater than ever. At the last sessions 
of the Central Criminal Court the a“ jury made it the subject 
of a special presentment to the Judges, and dwelt upon the reck- 
less manner in which vans, waggons, and cabs were often driven, 
to the common danger of foot passengers. In the course of 
a —_ year, taking one year with another, the accidents which 
result in death and injury and loss of power and utility in the 
streets of London alone exceed those on all the railways in 
England put together. With bridges and subways at dangerous 
crossings, and with the manifold regulations prescribed under 
penalties by the Bill under consideration for driving in the 
public streets, especially that prohibiting driving by young 
persons, the city authorities may.in time rid themselves of the 
reproach. 


Ramway Passencer Trarric.— The total number of 
tickets issued to passengers by the railway companies of the 
United Kingdom during 1864, was 229,272,165. In 1863 it was 
204,699,466; in 1862, 180,485,727; in 1861, 178,778,218; in 
1860, 163,483,572 ; in 1859, 149,807,148 ; in 1868, 139,123,699 ; 
in 1857, 139,008,888; in 1856, 129,347,592; and in 1855, 
118,595,185. Taking the average cost of the tickets at 2s. per 
1000, we find that the number used during the year 1864, would 
involve an expenditure, for materials and printing, of nearly 
23,0002. The returns also show that, although the mileage of 
the lines has increased during the ten years to which they refer, 
yet the circulation per mile has also increased ; the numbers being 
14,323 per mile in 1855, and 16,612 per mile in 1864. The 
increased local accommodation afforded by the various metro- 
politan lines has also doubtless caused the number of season 
ticket holders to be largely augmented, so that the increase in 
the traffic is probably much greater than is shown by the figures 
given above. 
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SOLID ROLLED IRON BEAMS. 


James Watt, sixty-five years ago, designed and 
caused to be cast, a large number of iron beams for the 
seven floors of Messrs. Phillips and Lee’s mill, in Man- 
chester. A quarter of a century later, Mr. Fairbairn, 
assisted by the late Mr. Hodgkinson, designed a better 
form of beam, but one which was still of cast iron. 
After the ironmasters had rolled railway bars—espe- 
cially those for foreign lines—with broad, thin, bottom 
flanges, it must have occurred to many of them, that if 
required to do so, they could roll Watt’s or Hodgkin- 
son’s sections in wrought iron, much lighter and much 
stronger than in cast iron. Yet it has been said that 
the general introduction of rolled iron beams or joists 
was due to a strike, but a few years ago, in the Paris 
building trade. However this may be, it is certain 
that the French, and for that matter the Americans, 
employ rolled beams to a far greater extent than is the 
case in England. They have long done so. Here it 
is unusual to see rolled iron beams introduced into 
ordinary buildings ; chiefly because the construction of 
houses devolves upon a class of men, the builders, who 
are as trade-bound as shoemakers or loriners, knowing 
little or nothing of principles or science, indeed but 
little of art. Few persons know how much we are in 
the hands of our “ builders,” how far our comfort and 
even our security, depends upon their whims and 
likings and prejudices. It may be that it will always 
be so, but we do not think it. Within recent times 
the architect is retained to supervise and control the 
builder; and the architect, as a gentleman of special 
education, knowing, too, something of the real limits 
of endurance of the materials employed in building, 
has put his veto upon the mere builder. And exactly 
in oe as architects are appointed, not merely 
to design, but to supervise the construction of works, 

shall we have sounder constructive details. 

Rolled beams are vow gaining the suffrages of archi- 
tects and builders. They are ‘but little dearer than 
wood, and they are practically indestructible; at any 
rate they do not give out with dry rot, nor do they 
give in to fire, unless, of course, it be a long continued 
and severe fire, where wooden joists would burn out 
long before wrought iron would even begin to bend. 

As much as we may pride ourselves upon the manu- 
facture of iron, the French and Belgians are unques- 
tionably beating us’ in the rolling of wrought-iron 
beams. It is the fact that they are now laying down 
in London the lighter sections, say 45lb. per yard (or 
15lb. per foot run), at prices below 9/. per ton. But, 
it will be asked, Do these beams compare with English 
rolled sections ? We are half afraid that we are not 
now making anything to compare with the foreigners. 
With us, indeed, it is the more usual custom to rivet 
up beams of any desired section, employing plates and 
angle iron. This is done even with small beams, or 
— of light transverse area; and for these riveted 

ms we have a formula, taken from Mr. Fairbairn’s 
and Mr. Edwin Clark’s experiments upon riveted 
plate-girders. It is a very simple one. vet a@ repre- 
sent the area, in square inches, of the section of the 
bottom flange, d and /, respectively, the depth and 
length of the girder (whether in feet or in inches does 
not matter, so that both are in the same terms of mea- 
surement), and ¢ will be the constant, varying from 76 
to 80, or more, according to quality. Algebraically 
stated, the formula is 

1 t(= 

"aed 
a being the area of the bottom flange in square inches ; 
@ the depth, and / the length, both being taken in the 
same terms, whether in feet or inches ; and ¢ a constant, 
depending upon the value of the material. Wis the 
breaking weight, in tons, applied to the middle of the 
length of the beam, this being one-half only of the 
weight which would cause fracture if the weight were 
equally distributed from end to end of the beam. In 
other words, the centre of g-avity of each half-span of 
a uniformly distributed weigut, is but half as far from 
its corresponding support, at the end of the beam, as 
is the centre of gravity of a weight suspended at the 
middle ; and the effect of a given weight upon a beam is 
necessarily and directly as the distance of its centre of 

gravity from the point of support. 

Arguing from Mr. Fairbairn’s experiments, so far as 
they have been ys and from others in a similar 
direction, it might be inferred that the proper constant 
for rolled beams was not far from 80. But recent 
trials of the Belgian joists show a breaking weight cor- 
responding to a constant of nearer 150. ‘This has 
appeared incredible, but we must remember that Mr. 
Fairbairn’s formula takes notice only of the bottom 
flange, irrespective of the plate web, which, of itself, 





has more or less strength. Where, as in the case of 
lattice or trussed beams, or girders, there is no “ web,” 
in the usual sense—no web having strength or stiffness 
of itself (and supposing the top and bottom flanges to 
have equal powers of resistance respectively to com- 
pression and extension)—then the constant, whatever 
it is ascertained to be, is exactly four times the break- 
ing weight per square inch of the bottom flange, the 
weight being taken in tons. Thus, where the beam 
fails by tearing across the bottom flange, a constant of 
80 will show that the breaking weight of the iron is 
20 tons per square inch, a constant of 90 shows 22} 
tons, &c. In this case, the beam is supposed to fail 
only by breaking the bottom flange and sinking verti- 
cally. Most forms of beams, excepting box beams, or 
double trusses held together side by side, first yield, 
however, by lateral flexure, or, in other words, by 
twisting out of shape, instead of sinking at the middle 
of their length. In this case—the almost invariable 
case with single beams—the real breaking strength 


-| may be more, in tons per square inch, than is repre- 


sented by one-fourth of the constant; that is, with a 
constant of 80, the real breaking strength of the ma- 
terial, instead of being 20 tons only, may be, perhaps, 
22, or even 25 tons. 

In a series of experiments, lately made by the 
Butterley Company, upon their rolled flanged beams the 
ascertained constants ranged from 57 to 88, while in 
trials made upon other sections, and especially with some 
of the Belgian joists, a constant of 140 or more has 
been found up to the point of complete destruction of the 
form of the beam, but without the least visible fracture 
of the iron. But here, instead of the constant re- 
presenting a breaking strength of 35 tons or more per 
square inch—which is out of the question—the high in- 
dication of value was of course due in a large measure 
to the strength of the web of the beam, of which the 
common formula takes no account. 

Some weeks since we had occasion to test a Belgian 
rolled joist of the following section; the girder had, 
in all, 44 square inches sectional area, weighing say, 
143 lb. per foot. Its depth was 8 in., the flanges 
were 24 in., wide, and averaged 7 in. thick, and 
the web was 4 in. thick. We supported this beam 
upon bearings 13 ft. apart, and applied a weight of 
7 tons 11 ewt at the centre, without producing fracture, 
although by lateral deflection, and from a permanent 
set in a vertical direction, the form of the beam was 
destroyed. Working this result out (and it was but 
one of many showing the same general strength) 
it gives a high indication of value for solid wrought 
iron beams. 

In the case of fire-proof flooring, into which such 
beams are to be introduced, the intervening filling of 
brick arches, or concrete, would nearly or quite prevent 
the chance of lateral failure under great weights. 

Some further trials of the Belgian beams were made, 
on the 19th ult., at Mr. Kirkaldy’s experimenting 
works, Southwark, in the presence of a large number of 
civil engineers, architects, builders, contractors, and 
scientific gentlemen, and a further series is to be made 
at the same works on the 19th inst. 








Tue ALBert Bripee.—We have to notice the progress 
already made in the works of the Albert bridge at Battersea. 
This bridge will unite Oakley-street, Chelsea, to the Albert- 
road, Battersea-park, and form one of the numerous schemes of 
Metropolitan improvements devised during the Prince Consort’s 
time. The main chains of the bridge will not be curved as in 
ordinary suspension bridges. They will spring from the anchorage 
to the top of the towers in a straight line, and, passing over the 
towers, descend in a straight line to the roadway. The main 
chains will be kept straight by means of an auxiliary curved 
chain suspended above them along their entire length. This 
will have a deflection corresponding with the inclination of the 
main chains to the roadway, and the main chains will be sus- 
pended to it by vertical tie rods. The Albert bridge will possess 
many new features as compared with existing bridges. In 
Chelsea and Hammersmith bridges a girder runs at either side 
along the entire length of the roadway, dividing the carriage from 
the footways, and separating the width of the bridge into three 
comparatively narrow channels. In the Albert bridge both these 
are done away with. In most of the suspension bridges at 
present erected, also, the roadway where it passes through the 
uprights forming the towers becomes contracted, enlarging after- 
wards to its original width. ‘This also is obviated in the Albert 
bridge, the roadway of which remains the same right throughout, 
until it enters upon or blends with the approaches, The timber 
gantry and staging now stretches half way across the river, and 
the contractors, Messrs. Holbrook and Co., of Chelsea, are 
— on vigorously with the works. The engineers to the 

ridge are Messrs. Ordish and Le Feuvre, of Westminster. 

Locomotive Water Surrty.—The London and North 
Western Railway Company have lately put down three of Mr. 
Ramsbottom's water-troughs, each a quarter of a mile in length, 
at Bushey, 14 miles from London, and from which the engines 
of “ up” trains pick up water to last them into London and back 
again, the former supply of chalky water at Chalk Farm being 
now dispensed with, greatly to the advantage of the locomotive 
boilers, as well as lessening of the cost of repairs. 





THE LATE MR. NICHOLAS WOOD. 


Autnoven younger than George Stephenson, the 
late Mr. Wood was, in 1811, his superior in position, 
having then been just appointed by Sir Thomas Liddell, 
afterwards Lord Ravensworth, as under viewer of 
Killingworth Colliery. It was here that a close and 
life-long friendship was formed between the future en- 
gineers. Mr. Wood was a studious young man, good 
at figures—which was a great deal in those days, and 
at Killingworth—and he could put his ideas into good 
form upon paper. Stephenson took his fancy, and 
from that time each was ready to do everything in his 
yower for the other. Mr. Wood stood by Stephenson 
in all his experiments with the safety lamp, and braved 
with him whatever danger there was in bringing it 
into one of the most fiery headings in all the pits in 
the district. When Sir Humphrey Davy’s friends at- 
tacked the claims of Stephenson to the original disco- 
very of the principle of the “ Geordie,” Mr. Wood de- 
fended him zealously and most ably in the newspapers ; 
and when, at last, the citizens of Newcastle rewarded 
Stephenson, for this very discovery, with a silver tan- 
kard, he at once had a fac-simile of it made for his 
friend Wood, and inscribed as “ a grateful testimony of 
“ the giver’s many obligations for the indefatigable zeal 
“ and exertions displayed in assisting him to elucidate 
“ the principles and bring to perfection the safety lamp 
“ which, under the auspices of R. W. Brandling, Esq., 
“ attained the sanction of the most respectable gentle- 
“ men in the neighbourhood.” 

Mr. Wood contested, in the Newcastle Magazine for 
April, 1822, the question of locomotives v. fixed en- 
gines for working railways, and even apart from all 
subsequent evidence, it is clearly apparent that Mr. 
Wood had the best of the argument at the time. 

When Stephenson waited upon Mr. Pease, at Dar- 
lington, to influence him in favour of a railway, to be 
worked by locomotive power, between that place and 
Stockton, young Wood went with him, an was his 
spokesman. The journey from Killingworth to Dar- 
lington was a somewhat remarkable one. First the 
friends rode thirty-six miles in the morning, and they 
afterwards walked twelve miles, meeting Mr. Pease, and 
then walked eighteen miles farther, on the same day, to 
Durham. : 

In 1825 appeared Mr. Wood’s “ Treatise on Rail- 
* roads,” which attained to its second, enlarged, and 

artly re-written edition in 1831, Mr. Wood having 
een one of the judges at the Rainhill contest. ' A 
third edition of the work appeared in 1837. It con- 
tained much of value upon the resistances of railway 
vehicles, as well as upon the general construction and 
mechanical principles of railways. 

Mr. Wood’s chief pursuit was, however, that of a 
coal owner, in connexion with which he was almost 
constantly consulted as a mining engineer. Very soon 
after he had served his time at Killingworth, he com- 
menced to speculate on his own account, and joined 
his friend Stephenson and Mr. Longridge in a colliery 
at Bedlington. He was sole owner of the important 
collieries at Black Boy, Coundon, Westerton, and 
Leasingthorne. He was the managing partner of the 
Hetton Coal Company, owning the three collieries of 
Hetton, Elemore, and Eppleton, and a member of the 
North Hetton Coal Company, to whom belong the 
coal mines of Kepier Grange, Rainton Grange, Moors- 
ley, and Seaton. As a partner in the Marley Hill 
Company, he shared with the Right Hon. W. Hutt, 
M.P., John Bowes, and C. M. Palmer, Esqs., the 
ownership of Marley Hill, Burnopfield, Dipton, Tiiten 
Mount Moor, Andrew’s House, Norwood, Kibbles- 
worth, Shipcote, Springwell, Crookbank, Gosforth, 
Killingworth, and Seaton Burn Collieries. He was 
part owner, too, of Harton, St. Hilda, and Jarrow 
Collieries, and had a considerable share in some col- 
lieries lying in the valley of the Ruhr, abutting on the 
Rhine. And in addition to this large colliery con- 
nexion, he was a partner in the extensive plate-glass 
works at the Forth Banks, Newcastle. ere were 
few mining concerns in Great Britain with which Mr. 
Wood was not connected; and he was always con- 
sulted confidentially by the Government of the day in 
any contemplated change of legislation with regard to 
this branch of national industry. 





New Mops or Exrracting VEGETABLE O1ts.—A new 
method ot extracting vegetable oils has been lately described by 
M. C. Schaituer. The seeds, such as those from cotton, flax, 
poppy, mustard, &c., are first crushed or partly pressed, and the 
cakes thus formed are digested—with or without heat—in cle 
vessels with the lighter petroleum oils; those oils which distil at 
a temperature lower than 212° being employed on account of the 
ease with which they are afterwards separated. The matters are 
then pressed or percolated with fresh oil and the oily solution 
submitted to distillation. 
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THE AERIFORM SEWAGE OF LONDON. 


WuitE—owing to the advent and continuous increase 
of water-closets—the great mass of liquid sewage was 
poured into the Thames, it lay at the bottom of the 
water or on the banks, innocuous during cool weather, 
and did not take a gaseous form. But when the ther- 
mometer rose to 80° or upwards, the mass began to 
change. First came the vinous, then the acetic, and, 
at last, the putrid fermentation, in the early years small 
in amount and hardly noticed, but gradually drivin 
away the floating baths from the water sarhnee, an 
finally oe with the legislature the right to the 
Palace of Westminster, when, the evil coming home to 
them, they took measures to deliver the sewerage to the 
Board of Works, with the chief stipulation that it 
should be kept out of the Thames above bridge, and 
for a considerable distance below. In short, it was to 
be /os¢t somewhere beneath the salt water, carried down 
with the ebb tide, and in the strong hope that it would 
not be brought back with the flow. The fact that 
sewage will not mix with salt water was ignored, despite 
of the evidence to be found on the beaches of Dover, 
Brighton, Hastings, and all thickly peopled coast towns 
—to be found all over the world where a deep indented 
bay receives town drainage, sources of fever and pesti- 
lence—in Rio di Janeiro, in Marseilles, and even in the 
Bay of Cadiz, exposed to the whole wash of the Atlantic 
Ocean. Salt water appears to pickle the sewage, and 
to prolong the process of putrid fermentation. In 
fresh water, with sufficient heat, it disappears, leavin 
only a changeless residuum. During the worst peri 
of the river stench, shippers below bridge continued to 
take Thames water on end for their outward-bound 
voyages, and it is a long proven fact amongst them 
that it putrifies in their casks, throwing off gases, an 
leaving only a black precipitate, till, in the course of a 
few weeks, it becomes as pure as the putest spting 
water. Precisely this process takes place in the Thames 
itself, in fresh water with hot weather, and probably the 
putrid fermentation is the true mode of dealing with 
all water containing organic matter. It is a kind of 
natural distillation. The gases which are evolved in 
this process are highly deleterious, and the more 80 in 
proportion as they are confined. There was less actual 
danger to the health of the town while the gases were 
evolved from the general surface of the river, than now 
that they are shut out from the river and confined to a 
system of brick retorts underground, in which the tem- 
perature is mostly elevated to the point of putrid dis- 
tillation. 

There has been a misgiving that the delivery of the 
sewage into the Thames at Barking at high water would 
not wholly cure the evil, and there is little doubt that 
in process of time as great a nuisance would have 
been created below bridge as has existed above bridge. 
It was a mere question of finding a fresh locality for 
it, with the contingency of the east wind bringing over 
London the gases of the sewage carried from London. 
To provide for this contingency, and also in the hope 
of some pecuniary profit, arrangements have been made 
with Messrs. Napier and Hope to dispose of all the 
liquid sewage in the irrigation of the Maplin sands 
on the sea-coast, to produce endless crops of grass, on 
which cows innumerable are to be fed, and thus the 
sewage is to be converted into milk. Liebig doubts 
the result, and says that they will only get a kind of 
organic water-vessels, not convertible into hay or nu- 
tritive milk. There is one great experimental advan- 
tage we shall gain, in ascertaining whether surface 
irrigation is a safe process, whether low fever may not 
be induced by it, and whether it is not essential to 
safety to deposit it below the surface. 

Of the great skill and judgment wherewith our great 

modern sewers have been executed, it is scarcely need- 
ful to speak. We take it that Mr. Bazalgette is a 
master in the art of sewer-construction, but there is a 
question of vital importance to the whole London com- 
munity which is only just arising. It is a known fact 
that at a certain declination, sewer water of a given 
consistence will infallibly, in the absence of frost, run 
down hill. But it is another known fact that sewer 
gas will not, if it can help it, run down hill, but only 
up hill, yet this fact has been wholly ignored in the 
construction of the new sewers. 
, All London knew, and a very large portion of its 
inhabitants smelt, the condition of the Thames when 
the sewage went into it, and fermented in the hot 
weather. It had, however, the advantage of a large 
Open surface of water to bubble through and escape. 

Now, let it not be forgotten that all this sewage 
whieh poisoned the Thames, is confined in some large 
brick tubes underground, kept in a condition of summer 
heat, to engender ~utrid emantediann all the year 


flows down hill, and the dirty gas up hill, and thus 
Highgate, Hampstead, Upper Clapton, and other 
elevated places which have ‘“‘ made connexions,” as the 
Yankees phrase it, with the Fleet and King’s Pond 
Sewers, serve as chimneys for the gas, and all the high 
places are thus rendered abodes of pollution, to con- 
sume the filth generated from Barking Creek upwards ; 
and as the diameters lessen, through every crack and 
crevice along this course out issues the poisonous fluid 
to the roads and houses above, filling the omnibuses 
‘tnd carriages as they pass. The gas is under pressure, 
and wherever there is a leak, the faint, sickening, 
ep odour may be perceived. London has 

ecome a huge volcano of fever-damp, more pestilent 
than the fire-damp of the coal-mine, which slowly and 
insidiously is undermining the vitality of the inhabi- 
tants, and will ultimately expand into a wide-spread 
epidemic. It is everywhere. 
offices in the City, and there it is. Go into the bank 
offices, and there it is, as surely as it existed in Windsor 
Castle to carry off Prince Albert, and as it drove the 
Court out of Buckingham Palace. Wherever there is 
a burrow in the earth, or a hollow space beneath the 
floors and above the ceilings, or in the partitions, there 
it lies in store, to issue forth whenever the fire burns 
brightly, to make us sicken and shudder. 

There is but one remedy for it: to provide tall 
chimney shafts at every half mile, of sufficient diameter 
to carry the whole volume of the gas into the upper 
atmosphere, either with or without the aid of fire. 
Water traps will not keep it down, and if they did, the 
result would probably be dangerous explosions. It is 
possible that this sewer gas is the most valuable part 
of the manure, and, if so, it might be intercepted by 
charcoal, or pest or earth, and the charged material 
= ’ agriculturists; but, if not, the gas would be got 
rid of. 

Sidney Smith’s remedy for locking the doors of rail- 
way trains at the risk of passengets, was to roast a 
bishop in an accident. Rather hard on the bishop to 
be made a vicarious offering for the laches of directors. 
Were Sidney Smith now alive, he would assuredly, 
on the advent of the sewer gas epidemic, propose that 
a furious mob should roast a member of the Board of 
Works—perhaps Sir John Thwaites himself—soaking 
him in sewer gas, and roasting him by illuminating gas. 
For our own part, we pray for the Board of Health 
night and morning, that they may live to see the fallacy 
of their subways. We pray that the engineer may make 
vertical risings from his horizontal brick tubes of suf- 
ficient height to out-top the highest attic windows, so 
long as Mr. Chadwick’s crotchet of water being the 
cheapest carrier, shall enable focal matter to ferment 
in masses, and till the time shall come when real cess- 
pits, and not distributing pits, shall deodorise and 
convert town guano into an easily transportable sub- 
stance of little bulk, and capable of being carried away 
as easily as dust from coals, or empty bottles. 

Every day we bring into London by carts and 
wagons, and boats and ships, the materials, liquid and 
solid, by which our bodies are sustained. We ASS 
these materials through our bodies, and reduce them 
in bulk by the abstraction of their gases, just as we 
reduce a ton of coals to a small amount of dust. The 
vehicles which bring in these materials are more than 
competent to remove the detritus, did we only take as 
mee care to make them accessible, as we do owt pan- 
tries, bread-closets, safes, and wine-cellars, When we 
re-order our houses, and provide them with back 
entrances as stables are atranged, and have every- 
thing in the light, the chief difficulties will disappear. 
A shallow, water-tight slate tray, substituted for the 
cesspool, and provided with chemical deodorisers, will 
be the ultimate substitute for water-carriage, and the 
rest of the house sewage may run down the brick 
tubes into the river without harm. Refractory sub- 
stances such as bones, or foul-smelling things such as 
cabbage-leaves, might advantageously be put into close 
furnaces and burned. 

Meanwhile let every one take it into his or her 
mind, that the Thames nuisance has not been abated, 
but only removed from the river to the streets and 
buildings, in charged chambers of fever-damp, fatal as 
the fire-damp of the coal mine though slower in 
operation, 








Bricks.—The quantity of bricks making for the Portsmouth 
harbour works is something enormous. At the Chatham Dock- 
yard Extension Works there are three brick-making machines, 
each of double delivery. One is Messrs. H. Clayton and Co.'s, 
and the others have been working with Mr. Clayton's delivering 
rolls, or revolving dies” About 1,000,000 bricks per month 
have been made by these machines during the past season. The 
nine kilns at work will contain each about 120,000 bricks, and 
about 40,000 bricks have been used in the construction of each 





round, as long as any material exists. ‘The dirty water 





kiln, The kilus go a month, in all, between charging. 


Go into second floor. 





INDIA-RUBBER SPRINGS. 


A BLock of india-rubber when subjected to com- 
pression yields in two ways; first, by an actual com- 
pression of the material itself, and second, by an alter- 
ation of its form, or bulging. When india-rubber is 
required to act as a spring this alteration of form 
should as far as possible be avoided, either by disposing 
it in thin lamine with intermediate division plates, or, 
if a thick block is used, by supporting it with retain- 
ing rings placed around it. If a cylinder of india-rub- 
ber be placed under a load sufficient to crush it, it will 
bulge, and a ring of a triangular section will be broken 
out all condi central part of it; and if this ring 
be removed and the load then taken off, the cylinder 
will be found to have assumed a form somewhat resem- 
bling that of an hour-glass. It was from a knowledge 
of this fact that Mr. G. Spencer determined upon the 
shape of the india-rubber cones, now manulactured 
under his patent and largely used for buffer and draw- 
springs, these cones assuming under pressure an almost 
cylindrical form and filling the malleable cast-iron cups 
in which they are contained. 

The elasticity of india-rubber under a compressive 
strain decreases as that strain is increased, equal in- 
crements of load not producing equal deflections : thus 
a column of india-rubber lamine which yields } in. 
under a load of 1 ton will not be compressed 1 in. by 
a load of 2 tons, but considerably less, and so on. 
The elasticity of an india-rubber spring composed of 
lamine separated by division plates, varies not only 
according to the total height of the elastic column, but 
also according to the thickness of the layers of which 
it is composed. For example, a spring consisting of a 
given number of lamine -of a given thickness will 
yield, under a certain load, only about half as much as 
a spring. composed of half the number of laming each 
of double the thickness; although the height of the 
elastic column will be the same in the two cases. 

The fact of an india-rubber spring giving a gradually 
increasing resistance to compression, pion bed it badly 
adapted for use as a bearing spring on rolling stock, as 
it is impossible, unless an exceedingly high elastic 
column be employed, to obtain a spring having sufli- 
cient elasticity to follow up closely all the inequalities 
of the road. For buffing and draw springs, however, 
this qualification renders the material peculiarly ap- 
plicable, and it has long been in use for such purposes 
with excellent results. It has also done good service 
when arranged as an auxiliary in connexion with the 
ordinary steel bearing springs, according to the system 
patented by Mr. P. R. Hodge It isemployed in this 
manner on the Great Eastern, the North London, and 
several other lines, the india-rubber springs being com- 
yosed of a series of lamine # in. or } in. thick, separated 
a division plates, and interposed between the ends of 
the steel springs and the engine frame. The india- 
rubber springs are found to effect an important saving 
in the breakage of the steel springs, to which they are 
applied ; they should not be loaded with more than 
about 8 ewt. per square ‘inch of surface, indeed it is 
better that the load should not exceed 2 ewt. per square 
inch, and they should be carefully protected from oil. 

The duration of an india-rubber spring of course 
depends greatly upon the quality of the material of 
which it is composed. Pure india-rubber is of little or 
no use; it is necessary that it should be “ vulcanised,” 
as it is called, by treatment with sulphur, and that it 
should be mixed with a certain quantity of other sub- 
stances. Some of the best india-rubber for railway 
purposes contains as much as 40 per cent. of foreign 
matters, chiefly sulphide of lead and soapstone. Ba 
india-rubber is frequently adulterated with panieee. 
The only true test of the fitness of any particular 
description of india-rubber for any given work, is to 
subject a sample of it to such work for a considerable 
period and notice the result; it being most difficult, 
even for those who have had considerable experience, 
to obtain, from an inspection or analysis of the india- 
rubber itself, more than a general idea of the manner 
in which it will perform. 








Scorctt Iron.—In 1845, there were 88 furnaces in blast, in 
Scotland, and now there are 136, besides 29 out of blast. But 
although the increase in number is but little more than 50 per 
cent., the increase in make has been from 475,000 tons in 1848, 
to 1,164,000 tons in 1865, equal for the last year to nearly 165 
tons weekly, for each of 186 furnaces, against 103 tons per fur- 
nace per week, in 1845. 

IrautAN RAruways,—The railway from Brindisi to Leece, 
was opened on the Istinst. This line is an extension of that 
already extending from Milan to Brindisi, a portion of which 
(that between Piacenza and Brindisi), will form part of the 
Indian route vid Mont Cenis. The railway from Rome to 
Foligno is also ready, and a locomotive has already passed over 
it. The line from Trabia to Termini in Sicily, is soon to be 
opened to the public. ‘The latter intersects a lovely country. 
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BLOWING ENGINES FOR THE FURNESS IRON AND STEEL COMPANY. 
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BLOWING ENGINES. 


Warn the inereasing size of blast furnaces, the construction 
of large blowing engines is acquiring more and more importance. 
The largest in point of size, of this class of engines yet con- 
structed is that at Dowlais, now nearly fifteen years at work. 
It is a single beam engine with 55-in. steam cylinder and 13 ft. 
stroke, working a 144-in. blowing cylinder with a 12-ft. stroke, 
the beam "being {centred in the proportion of 12 to 13. At 
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twenty revolutions per minute this engine works up to 650 
horse power. The pillar of blast is 3} lb. per square inch. In 
the Cleveland and North Lancashire districts a somewhat 
higher pressure is adopted. The highest blast pressures 
are those carried in the anthracite furnaces, Mr. Budd, 
of Ystalyfera, having blown, we believe, as nigh as 7 1b. or more, 
while the large anthracite furnaces, of which sections are given 
on a separate plate, in Dr. Percy’s book on Iron and Steel, are 
blown, as we happen to know, ata pressure of 10 1b. On the other 








hand, it appears that at the Norton furnaces, Stockton-on-Tees, 
the blast, formerly 23 Ib. per square inch, has been diminished 
to but 4 Ib., and with good results, as reported by Mr. Adamson at 
the meeting of the Mechanical Engineers at Glasgow. Diverse 
as are the opinions with regard to the best pressure, it is certain 
that the very high pillars of blast cause great and -irregular 
strains on the engine, giving a longer run for the working parts 
of the engine to race away against a slight resistance until the 
maximum pressure upon the blast piston is reached. So great 
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is this irregularity thatjjin coupledzengines, driving the blast at 
7 lb., or thereabouts, it has been found most difficult to keep the 
cranks tight upon the shaft, and after unusual strengtheuing had 

m expended upon them, the plummer blocks could not be 
kept whole. This difficulty is. one which, with high blast, is 
greater with coupled than with single engines, as can easily be 
understood by tracing out the varying strains transmitted to 
the cranks. A heavy flywheel may, in such a case, regulate 
the engine as a whole, but only with great and intermittent 
strains on the moving parts. 

But for more moderate pressures, where the irregularity is not 
great, and especially for direct acting blowing engines, where the 
momentum of a large beam is not to be added to that of the other 
parts, coupled engines may be worked with the advantage, that 
if one break down, the other may keep up the blast to an extent 
sufficient, at least, to prevent the contents of the furnaces from 
setting, and, in addition, the two engines, working cranks at 
right angles to each other, send their blast more equally into 
the main, 0 that a smaller regulator or receiver, suffices. 

The laté Mr. Truran, who had examined the larger number of 
the 310 blowing engines for blast furnaces at work in his time 
in the kingdom, found much fault with their general construction 
and working. They were commonly short of power and liable to 
frequent breakdowns, often imperilling one or more furnaces by 
the stoppage ot blast. Of all engines a blowing engine should 
have the fewest infirmities. It should be able to go on working, 
with but very few interruptions, for two or three years at atime, 
day and night, where the continued working of a pair of screw 
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engines for thirty-two days, as 
in the case of the Cape steamers, 
is often thought remarkable. 
Thirty hours per year in stop- 
pages for current repair are, 
fr. Truran found, quite enough, 
with engines of good construc- 
tion. 

We give illustrations, this 
week, of a pair of direct acting 
blowing engines now making by 
Messrs. William Coulthard and 
Sons, of Blackburn, for the 
Furness Iron and Steel Com- 

any, at whose works they will 
low two furnaces. They are, 
we believe, of the same dimen- 
sions as two single engines, by 
N the same makers, now working 
5 at the Frodingham Ironworks, 
= = Brigg, Lincolnshire. The last- 
= namedengines were started about 
= 7 nine months ago. The steam 
= cylinders are 28in., and the 
\\ blowing cylinders 78 in. in dia- 
meter, the pistons having a 
stroke of 4 ft. It will be observed 
that the air cylinder is very large 
in proportion to the steam piston 
area. The clearance at each end 
of the air cylinders is 1 in. only, 
as the arrangement of the ports 
is such as to allow the Plast 
iston to travel nearly over them. 
nmany engines, especially those 
worked to a high pillar af blast, 
the clearance at the ends of the 
air cylinders is such as to cause 
> a very serious loss of effect. 
‘ Here every attempt has been 
made, and with success, to reduce this loss to a minimum. 
The valves are 5-in. india rubber covered balls, closing upon 
openings carefully trued up with a cutter. A double row 
of these balls is employed for the inlet, all self-acting, upon 
short inclined planes, at a pitch which gives at once a 
prompt and free opening, and quick closing by the joint 
action of atmospheric pressure and gravity, the weight o f the 
balls being less than 1]b. each. The total area of the inlet 
valves of each blowing cylinder is 1017.6 square inches, and of 
the outlet valves, 699.6 square inches. The tuyeres in each 
furnace have a total area of 80 square inches, and at 34 revolu- 
tions of the engine per minute, or 302 ft. of piston per minute, a 
pressure of blast of 44 lb. per square inch is maintained. The 
engine is worked by steam of 60 1b. pressure per square inch. 
Each. engine blows one furnace 18 ft. in diameter in the boshes, 
and 70 ft. high from the hearth to the bell cone. The areas of 
ports and tuyeres we have given, are for each engine. 

We are indebted to the kindness of the makers, Messrs. 
Coulthard and Sons, for the drawings from which our illustra- 
tions have been engraved. 
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Tue WicAn Coan AND Iron Company.—This company, 
formed by the amalgamation of the Haigh and Holland Collieries, 
the Kirkless Hall Collieries and Ironworks, the Standish and 
Shevington Cannel Works, and the Broomfield Colliery, now 
has ajcapital of 2,193,000/., in shares of 1002. each with 707. 
paid. Mr. John Lancaster’s energy and success are well known, 
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KRUPP’S STEEL. 
Awmonest the many varieties of steel which have been 
brought into use during the last few years, that manu- 
factured by Krupp of Essen has always held a promi- 
ment place. It has been largely applied to the con- 
struction of railway tyres, axles, piston rods, crank 
shafts, and other parts of machinery, and has obtained 
its high reputation as much by the great uniformity of 
its quality as by the excellence of that quality itself. 
On this account any information that could be given 
respecting its mode of manufacture would possess great 
interest, but unfortunately—or perhaps as far as Mr. 
Krupp is concerned, fortunately—iittle is known of the 
details of the process. One thing is, however, certain 
—Mr. Krupp subjects all his forgings to heavy and 
thorough hammering, and he has on his works a hammer 
with a 50-ton head, the anvil block of which weighs 
185 tons and rests upon eight blocks, each weighing 
from 125 to 135 tons, and which he employs for the 
heaviest work. The tyres manufactured by him are 
cast in blocks of a species of oblong form with rounded 
ends, and are then thoroughly hammered. A hole is 
afterwards drilled near each end of this block, and the 
piece between the holes slotted out. The oblong ring 
thus obtained is then opened out and. rolled into a tyre. 
The steel at Essen is not melted in large masses ; it 
is all prepared in crucibles, each containing about 30 lb. 
These are removed from the furnaces by hand labour, 
and their contents poured into a receiver, from which 
the metal is run into the mould, the crucibles as they 
are emptied being thrown into pits so as to be out of 
the workmen’s way. Such an operation as that just 
described could not be carried out in the case of large 
castings if the most perfect system did not exist; at 
Krupp’s we believe that the organisation is almost a 
military one. _ It is said that the Bessemer process has 
been tried to some extent at Essen, but we do not 
know that any steel made by that method has as yet 
been sent out by Messrs. Krupp. 
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Heavy Grapients.—Messrs. G. P. Bidder and H. 0. Bridge- 

man, civil engineers, of Westminster, are engaged upon the plans 
of an American line of railway, upon which there is a gradient 
of 1 in 50 for two and a half miles, and up which trains of 300 
tons, in addition to the weight of the engine and tender, are to 
be regularly taken, 
New Castincs—Mr. Bessemer, in addition to the steel 
works he has nearly completed at East Greenwich (and which, 
we believe, are to be carried on by his sons, Messrs. Henry 
Bessemer, jun., and Alfred Bessemer, trading under the style of 
Bessemer Brothers), is about to establish a large foundry, where 
iron castings, mixed with a proportion of Bessemer steel, are to 
be made for purposes requiring great strength and hardness. 
The cylinders and hammer heads of several large steam hammers 
are to be soon cast from this mixture. 
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MR. FAIRLIE’S LOCOMOTIVE. 

Mr. Farrute’s novel and very powerful engine, made 

for the Neath and Brecon Railway, and tried, the other 

day, at St. Helen’s (where are situate the works of the 

constructors, Messrs. James Cross and Co.), is likely to 

instigate a change in heavy traffic engines everywhere. 

Not that the patentee has made any startling discovery, 

nor is there any magic in the results attained. He 

has, however, produced a thoroughly original design, 

while proceeding in a strict course of induction, from 

known facts, and from long experience with existing 

engines. Most goods and passenger engines are short 

of adhesion ; that is to say, they will easily slip their 

driving wheels under full steam, especially if the rails 

are not quite dry and clean, And yet, in most cases, 

these engines lave uncoupled lensing oe trailing wheels, 

and almost always a tender, contributing nothing to 

adhesion. Where this has been pointed out, it has 

commonly been said, “ you can’t well couple the tender 

“to the engine, in such manner as to obtain the addi- 

“tional adhesion due to the weight of both.’ But then, 

one will say, “Cannot the tender be dispensed with, 

“and fuel and water carried, as Braithwaite and Ericsson 

“ carried it thirty-six years ago, upon the engine itself?” 

The answer is always the same: “ ‘This would cause an 
“ excessive weight upon the permanent way, and it is to 

“relieve the way that the tender’is so generally em- 
“ployed.” “But,” it will be suggested by every 
reasoning mind, “cannot the increased weight of a 
“tank engine be distributed upon an additional number 
“of wheels, so as not to punish the way, wheel for 
“wheel, more than at present ?? And the answer is— 
and it is a just one—‘ Coupling more than three pairs 
“of wheels together does not work well in the long 
“run.” They cannot. be kept of exactly equal diameter, 
nor the coupling rods of the constant proper length. 
The Americans do, habitually, couple eight wheels of 
small diameter, and intended for slow speeds, and in the 
case of one very large “ pushing” engine upon a bank 
on the Reading Railroad, they have coupled twelve 
wheels, woshed ly a pair of 20-in. cylinders, with 26-in. 
stroke; but no one can approve of coupling so many 
wheels together for what we may call high speed goods 
traffic. There are engineers who have given much 
thought to this matter, who believe that the resistances 
incurred by coupling are as the square of the number 
of wheels coupled, and there is much to justify their 
opinion. The attention to counter-weighting, to the 
wear of tyres, and to the adjustment of axle guards and 
coupling rod brasses, with eight, ten, or twelve coupled 
wheels, must be very considerable, perhaps we should 
say necessarily great, in order that all may work well 
together. Mr. Fairlie has said to himself, “‘ I will have 
“the adhesion of eight, or ten, or twelve wheels, carry- 
“ing the whole weight of my tank engine; but I will 
“work them in groups of four or six wheels each from 
“separate pairs of cylinders.” Now the French have 
lately done this, and many four-cylinder passenger and 
nes engines, constructed by Gouin, of Paris, are 
regularly working on the Northern (French) line. But, 
upon the ordinary plan, four or six pairs of wheels, 
even if coupled in two separate groups, occupy much 
length upon the line; in other words, they cover a 
long “ wheel base,” and cause inconvenience in working 
around sharp curves. So Mr. Fairlie has gone further. 
He has, in his new eight-wheel engine (of which we had 
the pleasure, lately, of watching the trials from the best 
point of observation, the foot plate) grouped four 
coupled wheels in each of two bogies, each carrying its 
own cylinders, rods, and valve gear. The bogies are 
connected together by a peculiar framing, which a 
drawing, soon to appear in our columns, will better 
explain, and the boiler (also of peculiar construction) 
rests equally upon both bogies. But, as the bogies 
with their cylinders move, by their pivoting motion, 
under the boiler, it is evident that the ordinary fixed 
connexion of the steam pipes and blast pipes is inap- 
plicable. The steam pipe, which is of copper, is coiled 
once around within the smokebox, and in the direction 
of the circumference of the boiler, so that, as the bogie 
moves laterally, the pipe gives and takes, altering the 
diameter of its coil, much like the flattened tube of a 


Bourdon gauge, when under varying pressures. The 
blast pipes are accommodated also with a kind of 
sliding joint, allowing freedom of motion, and still 
keeping the smokebox, as nearly as possible, air-tight. 


With these arrangements, the engine, upon a wheel 
base upwards of 22{ft. long, moves readily around 
curves of 170 ft., or rather more than 2$ chains’ radius. 
The engine runs in either direction, without any neces- 
sity for turning upon turn-tables, 

The boiler is not less peculiar. Its firebox is at 


neys, extend towards either end of the engine; the whole 
length of the boiler being, therefore, not far short of 
30 ft. The stoker stands upon one side of the fire box, 
while the driver is upon the other. The bogies being 
connected by special framing, the boiler merely rests 
upon them, through proper supports, and is not strained 
longitudinally by any action of the respective pairs 
of pistons. 

The engine tried on the 16th ult. at St. Helen’s, 
had eight wheels of 44 ft. diameter each, grouped in 
two bogies. The cylinders of each bogie were 15 in. 
in diameter, with 22-in. stroke, being thus equal to a 
single pair of 214-in. cylinders, with the same stroke of 
pistons. With 100 1b. mean cylinder pressure, the 
mean tractive force should be 18,333 lb. The boiler 
had a fire box 6 ft. long upon the grate, 3 ft. 8 in. 
wide, and 4 ft. deep inside. The barrels were each 
4 ft. in diameter, and each contained 194 tubes, or 
388 collectively, each 13 in. in external diameter, 
and 10 ft, long. The tube surface is set down as 1901 
square feet, that of the fire box as 92 square feet, and 
the grate area 22 square feet. The tanks contain 
1800 gallons of water, and 80 cubic feet of coal, or, 
say, two tons of the latter. The whole weight in work- 
ing trim, has not yet been ascertained upon a weigh- 
bridge, but it is estimated at from 42 tons to 48 tons, 
all of course available for adhesion. 

On the occasion of a hasty trial, for which insufli- 
cient preparations had been made, the engine being at 
the time in an unfinished state, it drew 30 coal wagons, 
weighing upwards of 300 tons up an incline of 1 in 
80, at a mean speed of more than 6 miles an hour. 
The builder, Mr. Cross, is confident that it will, when 
in good order, as readily take 500 tons up the same 
gradient. The boiler supplies an abundance of steam, 
and there is no want of adhesion, with so great a total 
adhesion weight. Messrs. James Cross and Co, are 
constructing several smaller locomotives upon the same 
plan for the Venezuelan Central Railway, of which the 
patentee of the engine, Mr. Fairlie, is the chief 
engineer. 








Tue River Prate.—tThe progress of the Argentine Republic 
is strikingly shown by recent advices from Buenos Ayres. A 
local journal says:—‘‘ In 1860 there were but 15 miles of rail- 
way in the River Plate. In 1865 we have over 200 miles open 
to traffic, as many more actually in construction, besides conces- 
sions granted for 500 miles not yet ee. In 1860 the only 
steam communication with Europe was by the Royal mail. In 
1865 we count four lines of steamers plying monthly with 
Europe, and before the year is out we shall probably have a 
steam line to the United States, and two more to the Old World. 
In 1860 Buenos Ayres could hardly boast a dozen private edifices 
worth 10,0002. or over. In 1865 there are more than 200. In 
1860 the only bank was the Casa de Moneda. In 1865 we have 
three in the city, four branches in the country districts of Buenos 
Ayres, and a score in the provinces, besides several in formation 
on both sides of the La Plata. In 1860 the wool exports of 
Buenos Ayres amounted to the value of 1,000,0002 sterling. In 
1865 ou. clip is estimated at 2,500,0002 sterling. In 1860 the 
Custom-house of Buenos Ayres yielded a revenue of 3,060,000 
dollars. In 1865 it gives nearly 6,000,000 dollars. In 1860 the 
number of emigrants arrived was 6,000. In 1865 it exceeds 
12,000. In 1860 the price of good land in this province averaged 
30002. per square league. In 1865 itis about 60002 In 1860 
the newspaper circulation in Buenos Ayres amounted to 2000 
copies (of which 300 English). In 1865 it exceeds 10,000 
(of which 1700 English). In 1860 fire and life insurance 
was a thing unknown. In 1865 we have a dozen English 
insurance agencies, and every second house is insured. In 1860 
there was not one British enterprise or joint-stock company in 
the River Plate. In 1865 we have the following:—London and 
River Plate Bank, 2,000,000/.; Great Southern Railway, 
750,000/.; Northern Railway, 160,0002.; Central Argentine 
Railway, 1,000,0002.; Boca and Ensenada Railway, 150,0002. ; 
Sun Juan Mining Company, 100,0007; besides several projects, 
many of undoubted realisation:—London, Brazilian, and Maua 
Bank, 5,000,0002.; Eastern Argentine Railway, 1,000,0002. ; 
Dolores Extension (G. Southern), 600,0002.; Cordoba Land 
Company, 1,000,0002.; Morgan Beef Packing Company, 
150,000/, ; River Plate Steamboat Company, 150,0001 We 
doubt if there be any other part of the globe, not a British 
colony, in which so much English capital bas been invested, and 
without any vainglory we may lawfully say that the advance- 
ment of Buenos Ayres dates trom the same epoch—1860—as 
— British public enterprise first appeared in the River 
late.” 

Ramway TrmeE-Tasies.—A correspondent of the Times, 
complaining of the unsatisfactory working of the Brighton line, 
suggests that the railway time-table be made a contract in law, 
between the company and passengers, that each bill, upon the 
least alteration of time, be deposited at the Board of Trade, and 
that every delay in the ented trains, be punished by a fine of 
from 12. to 2/. per minute, excepting “‘ some very substantial 
reason” be given for such delay. ‘The result of such an Act, 
supposing it in force, would be that the companies would at 
once reduce the speed of their trains, and that, when late, the 
drivers would be allowed to make up for it by excessive speed. 
Prat.—Many of the members of the Institution of Mechanical 
Engineers will remember their visit, last August, to the Derrylea 
Peat Works, forty miles from Dublin. We learn that 200 tons 
of peat have since been made weekly at the works by Mr. 





the middle of its length, and two barrels, and two sets 
of tubes, with their respective smokeboxes and chim- 


Hodgson’s process, and that, although the selling price has been 
advanced, the peat meets with a ready sale. 


Tue Coruiss Encine.—Mr. Stuart, a flax-spinner at 
Markinch, N.B., having put down a Corliss engine, made by Mr. 
Douglas, of Kirkcaldy, has written that gentleman as to the 
uniformity with which the engine moves, in conjunction with a 
water wheel. He says:—‘‘I have the pleasure of reporting 
regarding the Corliss engine you put down for me, that during 
the month of August I never once (although counting many 
times each day) have found the engine varying from 38 strokes 
full (gaining one in five minutes) per minute; and that, although 
the water ce during that time varied up and down several 
times daily from 7 turns of our sluice screw to 3 turns of it. 
When we can afford 7 turns of the sluice screw, the valves work 
with perfect regularity, at each stroke cutting off the steam 
rather before half stroke. As the water falls below that, each 
stroke takes more steam, until at about 5 turns of the sluice the 
engine takes full steam during one stroke in every four, and if 
we get down to 4 turns, she draws full steam every second 
stroke. On one occasion I found her working with 7 turns of 
the sluice, counting 191 strokes in five minutes, and cutting off 
regularly before half stroke. I shut the sluice down to 5 turns, 
taking two minutes to do it, and just as I did it, the engine 
valves began to draw more steam, the speed never being appre- 
ciably affected. After allowing her to work five minutes that 
way, I raised the sluice again to 7 turns, and the engine just 
resumed her former use of the steam. I could not conceive of 
anything more perfect. I do not remember of the water ever 
being lower. Last summer, when it was about the same, we 
burned 45 tons of coal, or even more, per fortnight. We have 
never exceeded 80 tons per fortnight this year. We have averaged 
during the last two months about 1000 spynds per fortnight, 
more yarn from our spinning than ever we did before. Our 
spinning in the fortnight ending to-day, September 1, 1865, is 
2 and 241b. flax yarn from 1808 spindles, 10,545 spynds; and 
34 and 4 lb. tow yarn from 1160 spindles, 5654 spynds; which, I 
think, is about as good an average as you willfind. The above 
engine drives the mill in connexion with a Turbine.” 

ANK Enoines with RapriaL Ax Le-Boxres.—The new 
tank engines specially constructed for working the local traffic 
of the Great Northern Railway Company, between Hatfield and 
the Farringdon station of the Metropolitan line, have now been 
running upwards of two months. They have two pair of coupled 
wheels situated under the barrel of the boiler, the centres being 
7 ft. 6 in. apart, and a pair of trailing wheels placed under the 
tank, these hind wheels being fitted with Adams’s radial axle- 
boxes. The centres of the trailing wheels are 12 ft. behind the 
centres of driving wheels, making the total wheel base 19 ft. 6 in. 
The cylinders are 163 in. in diameter, and the tank holds 1000 
gallons of water, sufficient for a run of about 30 miles. The weight 
upon each pair of wheels is 13 tons, and the load upon the 
coupled wheels is found to be little influenced by the variation 
in the quantity of fuel and water carried, The engines run very 
steadily at the highest speeds at which they are worked, and 
notwithstanding their long wheel base, they pass round the 
sharpest curves with the greatest facility. 

RiFLep Guns.—Major Palliser’s two 68-pounders converted 
into 7-inch rifled guns have recently fired 50 rounds each, with 
the severe charges of 221b. of powder and 115 1b. shot, at 
Shoeburyness, and have stood the test perfectly. The following 
is the history of one of these guns:—First, 373 rounds as a 
smooth-bore 68-pounder, unserviceable ; secondly, converted by 
Major Palliser into 7-inch 100-pounder, 750 rounds, as follows: 
20 rounds of 12 1b., 40 of 20 1b., and 690 of 16 1b. charges, and 
shot of 100 lb.; inner tube split, 50 rounds of 16 1b. charge and 
100 lb. shot, to see whether the gun would burst, which it did 
not. The gun was repaired, and is now as good as ever. The 
shooting of Seth guns wasexcellent; the range at ten degrees 
was 4450 yards, the mean difference of range about 21 yards, 
and mean deflection 3 1-5th yards. We are informed that several 
guns are at present being prepared by the Elswick Ordnance 
Company on Major Palliser’s Vey? ‘our of these are cast-iron 
32-pounders converted into rifled 64-pounders, and four are 24- 
pounders converted into rifled 56-pounders. They will be issued 
in pairs to various stations, from which reports will be sent in 
of their performances. Their charges will be 7 lb. and 6 lb. of 
powder, and they will throw shells with large bursting charges. 
The late trial of the 600-pounder v. the Hercules target resulted, 
we are informed, in favour ot the chilled cast-iron shot.—Army 
and Navy Gazette. 

Tue Atiantic CaBLe.—The following notes of the last 
Atlantic cable will be found convenient for reference. The 
copper conductor was formed of seven wires, each gaugin 
0.048 in. in diameter, the whole weighing 300 lb. per nautica 
mile. Each wire was passed through Chatterton’s compound of 
percha and Stockholm tar, and the whole were then sheathed in 
alternate layers, four of each, of gutta percha, and Chatterton’s 
compound. This insulating material weighed 400 lbs. knot. 
The ten outer wires, of ‘* homogeneous iron,” were of No. 13 
gauge, each wound with Manilla. The on cable weighed 
354 cwts. per nautical mile when weighed in air, and about 
14cwt. when weighed in water. Its breaking strength was 
7 tons 15 cwt., so that it would support eleven miles of its own 
length when hanging vertically in water. 

Srairs in Pusiic Burtpines.—In the case of the under- 
ground railway stations, where such vast numbers of passengers 
must mount long stairways, the best proportion of rise to tread 
isimportant. We believe that, whatever may be the proportion 
of one to the other, the sum of the rise and tread should always 
be 17in. Mr. Johnson, in planning the Metropolitan Railway 
stations, gave much attention to this subject, and he adopted a 
rise of 6 in. and a tread of llin. as the best. Long ramps or 
inclined planes would, of course, become slippery and dangerous, 
yet it is found that where many thousands of engers have 
their choice between steps and a ramp of 1 in 7, they prefer the 
latter. At the ends of station platforms ramps only are admis- 
sible, as, with steps, passengers might, in dark nights, walk off 
the end of the platform, uaconscious that they had reached it. 

Procress IN THE Nortu.—The population of Darlington, 
in 1851, was 11,500; in 1861 it had reached 15,700; and now, 
after less than five years, it is estimated at 26,000. Upwards 
of 1200 houses have been built within the last two years. In 
1851, Stockton had 10,000 inhabitants; in 1861, 13,000; and 
now, 23,000, The two Hartlepoels have now a population of 





38,000. 
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GUN-COTTON. 


THERE are those who speak of gunpowder as a 
civiliser, co-equal with steam. ‘Their argument is that 
war has ever been a grand agent in civilisation, by 
overthrowing ignorance and wrong. So far as gunpow- 
der alone is concerned, both sides, m a controversy, may 
resort to its use, and with like guns and aiming, and 
with like numbers, activity, and pluck in working 
them, it is of course as effective, ounce for ounce, or 
ton for ton, on one side as on the other. Whether 
for good or evil, we are never likely to be independent 
of gunpowder, or of some better substitute for it, 
whether to salute our friends or to attack or resist 
our enemies. Peace, however, has its uses for gun- 
powder, possibly even more important than those of 
war. Even the volunteer’s cartridges may be con- 
sidered as mere pyrotechny in the interests of peace, 
while mining and blasting cartridges rise to a useful- 
ness which entitles them to rank even with steam. 

Gunpowder is not altogether a satisfactory explosive. 
It is costly, dangerous in storage and carriage, and 
easily affected hy damp. It makes much smoke, and 
leaves a residuum, which is troublesome in the case of 
ordnance, and which particularly interferes with the 
working of breech-loading and rifled guns. Rapid 
firing, too, with gunpowder charges, soon heats the 
gun to an inconvenient if not dangerous extent. In 
mining, the cost, danger, and smoke, and especially 
the noxious nitrous gases of combustion, form serious 
objections to gunpowder. It is now thirty-three years 
since Braconnet formed the white and highly (if not 
explosively) combustible substance which he termed 
Xyloidin, by dissolving starch in cold concentrated 
nitric acid, and adding water to the solution. In 
1836, Pelouze, by subjecting paper or cotton or linen 
fabrics to the action of highly concentrated nitric acid, 
obtained the substance known to chemists as pyroxilin, 
or tri-nitro-cellulose; answering, in its ames 
and general physical properties, to gun-cotton. In 
1846, Schénbein produced this substance in a more 
useful form, and there are thousands who will recol- 
lect with what interest his discovery was hailed. The 
writer of this can say that the first chemical experi- 
ment he ever made, was in the preparation of gun-cot- 
ton, in a manufacturing town, nearly twenty years ago; 
and his success was such that he was nearly blown 
through the ceiling, and certainly did lose his eyebrows 
in the concluding stages of the experiment. A pistol, 
too, which had been ‘loaded, good measure, was shat- 
tered violently on the occasion of a subsequent trial. 
Schénbein saturated cotton-wool in a mixture of con- 
centrated sulphuric and nitric acids, the object of the 
“oil of vitriol” being to abstract the water of hydra- 
tion from nitric acid. All this is well understood by 
chemists; but it is perhaps jargon to many engineers. 
Gun-cotton thus made was found to deteriorate in 
keeping ; it was not at first of uniform quality, and its 
explosive power was too sudden and concentrated. It 
is needless to trace all the Jater stages in its history ; 
but since Baron von Lenk, an Austrian general, took 
up the subject, gun-cotton has taken a place as a trust- 
worthy explosive, of safe and uniform action. 


Gun-cotton is now manufactured in Suffolk in large 
quantities, and it is in regular use in mining, blast- 
ing, and for sporting. Professor Abel, of Woolwich 
Arsenal, has exhibited specimens which, prepared by 
himself eighteen years ago, have undergone no change; 
and it is the growing opinion among those who have 
investigated the matter, that, despite the reports of the 
French commission, from certain experiments, gun- 
cotton, properly prepared, is at least as unalterable as 
gunpowder; but it is capable of what gunpowder is 
not. It is now made by the wet process, and actually 
stored in distilled water, from which the quantities 
ordered from the manufacturers are withdrawn, dried, 
packed, and sent: off, as if it were flax, “ retting” in 
tanks or in marshy pools. Ina certain colonial war, 
it was complained by a veteran that the powder was 
bad ; iadesl, a barrel of it had once caught fire, and 
burnt half away before they could put it out! Luckily 
gun-cotton, while on the manufacturer’s premises, is 
in no danger of explosion, nor even of catching fire. 
It may, it is asserted, be kept soaking in water for 
months, and, when dried, be as powerful as ever. 
Gunpowder, when wetted, is destroyed : all its granu- 
lation and glazing are lost. But gun-cotton, when 
afloat in water, is only non-explosive, as is Mr. Gale’s 
mixture of glass-dust or sand with gunpowder; yet, 
when dried, guu-cotton is stronger than any other 
practicable explosive known, for we are not now speak- 
ing of chlorate of potash, nor of fulminating mercury. 
It is now made and kept in tanks filled with distilled 


water (from which it is taken and dried as ordered), | 





for mining, blasting, and sporting. There is no smoke, 
and, in the case of guns, no fouling nor heating, and 
but little recoil. Breech-loading cartridges have in- 
deed become a regular article of trade, and are sold at 
so much a hundred. One-fourth of the weight, and a 
much shorter length of charge, of gun-cotton gives the 
same initial velocity of the bullet as gunpowder. It is 
made in ropes, or twisted slivers of cotton, sold at so 
much per foot—generally in 4-in. and 6-in lengths. 
For 1-in. holes, we may say, the rope for blasting and 
quarrying is already sold as low as 43d. per foot, and 
for coal-mining at 2d. only, the prices, as the weights 
of charge, increasing as the squares of the diameters. 
Whether gun-cotton can be employed for field and 
other artillery, is yet doubtful. It is represented by 
some of the most eminent artillerists that it corrodes 
the bore ; indeed, that it would soon destroy anything 
like fine and accurate rifling. Gun-cotton, too, can 
only be properly used for guns when made up into 
cartridges in the form of hollow cylinders, having con- 
siderable free space for the expansion of the gas of 
explosion. If this space be not provided in the cart- 
ridge, or in front of it, gun-cotton would burst the 
strongest ordnance ever made. And it is an objection 
that, in action, the cartridges, however properly formed, 
would probably be crushed into a nearly compact 
mass, thus rendering them wholly unsafe for use. 








PLATE GLASS. 


Few persons have a just idea of the rapid rate at 
which the English plate glass manufacture is extend- 
ing. Plate glass was first made in Lambeth in 1673, 
before the celebrated works at St, Gobain were com- 
menced; but it is only since the removal of the excise 
duty on glass, that the manufacture has developed to 
a great extent. Writing but little ‘more than two 
years ago, Mr. Daglish, of St. Helen’s, observed that, 
“within the last ten years, the production of plate 
‘glass in England has been quadrupled, whilst in the 
“same time the price has been diminished fully one- 
“half.” Of our whole present consumption (using the 
term in its commercial sense), equal to more than 
5,000,000 square feet yearly, more than seven-eighths 
is home-made, and we can now produce glass as clear 
of colour as the French. Sand free from iron, such as 
the sand of Fontainebleau, which overlies clay, is re- 
quisite to absence of colour; but besides many English 
sands, excellent qualities are now brought from several 
countries abroad. The soda, too, with which plate 
and window glass is made (and which distinguishes 
these glasses from crown and flint glass, which are 
silicates of potash, with the addition respectively of 
lime and lead), is now obtained in great purity by 
treating sea-salt with pearl-ash, and then evaporating 
the muriate of potash, leaving pure carbonate of soda. 
By the introduction, also, of Mr. Siemens’s regenerative 
furnaces, as at the British Plate Glass Works at Raven- 
head, near St. Helen’s, not only a saving in fuel, but 
an improved quality of glass is obtained. With these fur- 
naces dust is kept out of the melting pots, and no flame 
reaches the melted glass. ‘The value of Mr. Siemens’s 
invention appears to be only beginning to be properly 
recognised. At Messrs, Lloyd and Summerfield’s glass 
works, where one of the old furnaces burnt 35 tons 
weekly of large coal, worth 12s. per ton, a regenerative 
furnace was found to require but 17 to 18 tons of slack 
worth but 4s. per ton, so that the saving in the cost of 
fuel was, in this instance, no Jess than five-sixths of 
the sum formerly expended. It is known also that 
pure glass is destroyed in a few minutes by the action 
of ordinary flame, but the intensely heated gases of 
perfect combustion have no injurious effect. Covered 
melting pots are still used for flint glass, and Messrs. 
Chance have one of Siemens’s furnaces in which eight 
pots, containing two tons of glass each, are regularly 
worked. For plate glass these furnaces enable open 
pots to be successfully employed. 

About the largest glass now made in England is, we 
believe, 200 in. by 108 in., as the glassmen measure 
it, or say 16 ft. 8in. by 9 ft. The great plate from St. 
Gobain, in the Exhibition of 1862, and which was priced 
at 50/., measured 17 ft. 4in. by 1Oft. llin. The 
“ghost” illusion, which has had such popularity, re- 
quires very large plates, and we believe that Mr. Dircks, 
tue inventor, prefers the very largest that can be made, 
but it has not, we think, been yet represented with one 
so large as that exhibited from St. Gobain. Practically, 
however, any size can be made, if the demand be sufli- 
cient to justify the cost of enlarged grinding machinery. 
Mr. William Muir, the well-known Manchester engineer, 
would appear likely to increase the demand for large 
plates, by the working of his recent patent for public- 
houses with whole plate glass fronts. Indeed, Pate is 





a general disposition to build with more height between 
the floors, and to employ plate glass more freely—espe- 
cially where there are companies whose special business 
it is to insure it for a small sum. 

Tbe annealing of plate glass once took a fortnight, 
and as no plan has been yet found practicable for oh - 
ing the glass in layers, one plate over another, in the 
oven, the interest upon the whole cost of the oven for a 
fortnight, besides other charges, had to be added to the 
— cost of each plate, unless the oven were made so 
arge as to take in two or more plates at the same 
level, Indeed, some of the annealing ovens now in 
use are 50 ft. long within, to take several large plates, 
but in addition to this increase of size, the annealing 
is now done in four days, or even less. Instead of 
making the bed of the oven a mass of solid brickwork, 
which can ouly cool in a fortnight, air channels are 
now made in the bed, and cold air is allowed to circu- 
late freely and continuously through it, thus bringing 
down the heat in the least time consistent with the 
safety of the glass. 

The machinery for grinding and polishing plate glass 
is interesting in its construction, but the attention of 
ingenious men should be turned to the discovery of 
means for casting and rolling the plate with far greater 
smoothness than at present, so as to dispense with a 
great deal of the grinding, even if the polishing remain 
to be done as at present. We may be throwing out a 
useless suggestion in referring to cold rolling, which 
produces so splendid a planish upon metals, as, for 
instance, the famous Russian sheet iron, with its gloss 
of a deep-sea tint, and so largely employed in Russia 
and in America for stoves and for covering locomotive 
boilers. Nothing could, of course, be done in the way 
of rolling glass in the cold state, but whether it could 
be dealt with by rolling in the semi-fluid state, is a 
matter which has not, perhaps, been determined. It 
might be well to try Ba charged with superheated 
steam of very high temperature, one roller, perhaps, 
having a much higher surface speed than the other. 
Whether by these or other means any diminution could 
be made in the labour and cost of grinding and polish- 
ing, can only be known by trial. The vabect is one 
of much importance, and deserves every attention from 
those engaged in the manufacture. 








New Rartway Sration iy Paris.—The Paris and Orleans 
Railway Company have commenced building a new Paris 
terminus situated at the angle of the Quay d’Austerlitz and the 
Boulevard de |’HOpital. The arrival and departure halls for 
passengers will be behind the company’s offices, which latter, 
with three courtyards, occupy a space of 7858 square yards. 
The accommodation for passengers setting out will consist of a 
large central hall 540 ft. long by 80 ft. broad, and two wings 
one 250 ft. and the other 140 ft. long, the width of each being 
30ft. The central hall will contain the waiting-rooms and the 
luggage and booking offices, while the long wing will comprise a 
large refreshment buffet and accommodation for the fire brigade. 
The short wing will be appropriated to the use of the post- 
office clerks. The buildings &c. for arriving passengers are 
situated on the opposite side of the road to those just mentioned, 
and include a courtyard of 30,000 square ft. area, of which 
15,000 square ft. will be covered. ‘The covered passage 
separating the arrival from the departure part of the station 
will be 100 ft. wide. The buildings forming the company’s offices 
are being erected rapidly, but it is expected that the complete 
construction of the station will occupy about four years. 

GANISTER.—Ganister appears to be a term peculiar to the 
neighbourhood of Sheffield. It is applied to a fine-grained 
silicious stone found under the coal, This stone, when broken up, 
is largely used for road metalling. When powdered, and after- 
wards baked into a solid mass, it withstands high heats wonder- 
fully. When Mr. Bessemer first attempted his mode of convert- 
ing iron into steel, he lined his converters with fire clay, but 
this was quickly cut away and destroyed. The application of 
ganister, as a lining, was an improvement of which it is hardly 
possible to estimate the importance. Large converters, sa 
those operating upon 2 or 8 tons of iron, have gone 160 ‘* rounds,” 
or converted 160 charges with one ganister lining. The stone is 
first powdered, and then damped, so that if pay of the 
powder be lightly compressed in the hand it will cohere. The 
converter is made in halves, and a wooden core is made to go 
inside it, aad of such size as to leave from 9 in. to 12 in. width 
of space all around it. The damped powdered stone is then 
rammed compactly into this space, and the converter then taken 
apart and the wooden core withdrawn. The converter being 
again put together, a strong coke fire is immediately made 
within it. This fire glazes the surface of the ganister, and com- 
pletely closes the joints left by the parting. An almost inde. 
structible lining from 9 in. to 12 in. in thickness is thus left in 
the converter. ‘The blast tuyeres which come through this lining 
are made of fire clay. 

New Morors.—Those who have carefully examined the 
subject of hot air engines, state that Messer’s, now at work in 
the Borough, is perhaps the best of all. Another engineer is 
now experimenting, as Mr. Mont Storm (of breech-loading rifle 
celebrity) some years ago experimented in New York, with an 
engine worked by a mixture of air and steam. And another 
engineer, whom we must not name at present, expects soon to 
bring out a gas engine, which, for a given power, will consume 
but one-fourth the quantity of gas now burnt in Lenoir’s 
engine. At least this is his own expectation. 
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TANGYE’S MULTIPLE SCREW CUTTING LATHE. 
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Messrs. TANGYE Brotners, AND Price, of the Cornwall 
works, Birmingham, are large makers of jack screws, as well as of a 
great variety of machinery. The keen competition in this parti- 
cular branch of their trade, lately induced them to seek some 
means of turning and cutting the screws with greater rapidity. 
Men, at 24s. or so per week, were employed in cutting screws singly. 
Mr. James Tangye, the senior partner of the firm, visited the 
Manchester toolmakers, and although he found lathes for turn- 
ing, each, two shafts or rolls at once (and we believe the veteran 
engineer Smith, of Deanston, has even turned a dozen rolls upon 
a dozen pairs of centres in the same machine), there was nothing 
which fully answered the desired purpose. Mr. Tangye then 
schemed, and has since patented, the multiple screw-cutting 
lathe, shown in the illustrations, and of which three are already in 
use at the Cornwall works. The lathe has a single driving screw, 
and a single slide rest mounted with three tools. The motion is 
carried from the driving cone of pulleys, through gearing, to 
the intermediate spindle, of the three, corresponding to the three 
screws tobe cut. The front end back spindles are geared to the 
intermediate spindle by wheels, as shown in fig. 2; pinions being 
employed so that the three spindles may all turn in the same 
direction. This lathe is of less first cost than the single lathes 
formerly employed, and it is attended by a boy who is paid not 
more than 16s. per week. When turning 3 in. bars, the speed is 
20 revolutions per minute, or a surface speed of say, 16 ft. per 
minute. At this rate, with a cut } in. deep, and the usual feed, 
three bars are turned in a few minutes, and in cutting 3 in. screws, 
with a square thread of } in. pitch, the screw revolving at the 
rate of 20 revolutions per minute, twelve successive cuts in depth 
are made to finish the thread, each “ut occupying one minute in 
time, so that except for the little time }ost in running back the three 
tools at the end of each cut, three 3-in. screws would be cut in 
12 minutes, the actual time being about 14 or 15 minutes. Thus 
threefold more work is done than by the former single lathes, 
and at an even less first cost, and with less cost for attendance. 


New Furnaces at MippLesporovuGu-on-Tees.—On the 
21st ult. Messrs. Stevenson, Jaques, and Co., of Middlesborough, 
began working three new furnaces, the largest in the Cleveland 
district. They are each 22 ft. 6 in. in diameter at the boshes, 
and 70 ft. high. A section, showing their internal form, will be 
found in another column. Mr. J. G. Beckton, engineer, of 
Whitby, designed these furnaces, and has supervised their con- 
struction. They will be known as the Acklam Ironworks, and 
are expected to turn out 1000 tons of pigs weekly, 
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East Inp1An Ratunway, New Cuorp Lrye.—The report of 
Mr. W. Bourne, the chief engineer, on the new Chord line of 
this company from Burrakur, 143} miles from Calcutta, to 
Luckeeserai, 327 miles from Calcutta; also on the main line, 
having a branch to the Kurhurbalee coal field, states that the 
thorough exploring and setting out of the Chord line through the 
Nurgoonjoo Pass was completed during the half year. The 
length of the Chord line is about 1234 miles, and of the branch 
to Kurhurbalee 23} miles. The centre line has been staked 
throughout, and the land plans are being prepared. The 
sections and plans showing alternative routes exhibit this result, 
that, except through the pass and the country in its immediate 
neighbourhood, no steeper gradient than 1 in 200 need be 
adopted, and that at the pass 1 in 100 can be obtained. No curve 
of shorter radius than half a mile occurs on the line. The 
country through which the line passes is in general a ridgy and 
difficult one. Owing to this and the thiek jungle in places, it 
required very close examination to select the best ground for the 
callow. Between the principal rivers the country is high, and 
dips down suddenly towards the rivers, involving heavy work in 
the approaches to the bridges. He states that the branch line 
passes through a broken and difficult country, but by adoptin 
steeper gradients the work as at present set out can be very muc 
lightened. The point on the Burrakur Extension line from which 
the Chord line starts is 22} miles, from the Kahnoo junction on 
the company’s main line 724 miles from Calcutta. The 22} 
miles, added to the length ot the new Chord line, 123} miles, 
make together about 145} miles from the main line at Kahnoo 
junction to Luckeeserai, on the main line; but by the route of 
the main line the distance between those points is 254} miles, 
showing a saving of distance for through traffic, vid the Chord 
line, when completed, of 109 miles. It is intended to construct 
the Chord line as a double line at once, and to leave the portion 
of the main line from Kahnoo Junction to Luckeeserai as at 
present—a single line, but to double the portion beyond Luckee- 
seerai to Allahabad; the main line from Calcutta to the Kabnoo 
Junction being already a double one. 

THE LATE Mr. Lioyp.—The patentee of the well known 
Lloyd’s fan, committed suicide while in an unsound state of 
mind on the 20th ult. He was in excellent worldly circum- 
stances, and only the breaking up of a long worked and hard 
worked brain can be assigned as the cause of so sad an act. 

Lance LATHEs.—About the most powerful lathes now in use 
reduce the diameter of a shaft 6in. at one cut, with a feed of 
from 12 to 16 to the inch. Steel shafts require a finer cut. 


Heavy Locomortves.—At the Avonside engine works, 
Bristol (formerly Messrs. Slaughter, Gruning and Co.), some 
unusually heavy engines have been lately made for the 5 ft. 6 in. 
gauge. They have outside cylinders and eight coupled wheels. 
The engines, in — trim, weigh, each 48 tons. The tenders 
contain 2600 gallons of water, and weigh, loaded, 26 tons. 

Deep Coat-pirs.—The deepest pits in the kingdom are one 
at Monkwearmouth, and another at Dukinfield, Cheshire. The 
latter is 6864 yards, or 2059ft. deep. This shaft cost near! 
100,000. Mr. John Pearson, coalowner, of Wigan and Oldhall- 
street, Liverpool, contemplates sinking a shaft to the depth of 
800 yards. It is believed, und, indeed, almost certainly known, 
that thera is an abundance of good coal more than 1500 yards 
below the earth’s surface. 

Mriptanp RarLwAy—MeErroporitan Terminvus.—In the 
course of the description of the roof of this station, which we 
gave in our last number, we mentioned that designs for the 
station had been prepared by a number of the leading architects. 
After much deliberation, the directors of the Midland +e 
Company have selected for execution the design of Mr. G. G. 
Scott, R.A.; and they have awarded premiums to Messrs. G. 
Somers Clarke, E. M. Barry, and T. C. Sorby for the plans 
furnished by them. The design of Mr. Scott is of a Gothic 
character, and the cost of its execution is estimated at 300,0002. 

RAILWAY INTERCOMMUNICATION IN FRANCE.—A letter from 
the Minister of Public Works has been received by all the French 
railway companies, directing them to apply, within four months, 
a means of communication between the driver and guard, and 

ssengers and guard, of all their passenger and mixed trains. 
The letters state that the electric system of MM. Prudhomme 
and Achard has been thoroughly tested on the Northern and 
Strasburg lines, and found to be perfectly practical, and there- 
fore that no excuse now exists for the non-application of a 
means of communication. The choice of the particular system 
employed is, however, left with the railway companies. The 
Minister of Public Works reserves to himself the right of arrang- 
ing, in concert with the various companies, the regulations for 
controlling the use of the system of communication. 

DRAINAGE OF FRANKFORT-ON-THE-MaAtne.—The territory 
and free town of Frankfort occupy a productive flat or bottom 
land formed of sand and decomposed volcanic rocks. The 
population of the town is about 70,000. The drainage, as is the 
case with many continental towns, is bad. The whole subject 
of sewerage has at last been taken up, however, and Mr. William 
Lindley, civil engineer, of Blackheath, has been appointed to 
design and supervise the execution of the necessary works. 

Messrs. YounG, CARRINGTON AND Co.—The St. Leonard’s 
Ironworks, Perth, heretofore carried on by Messrs. C. D. Young 
and Co., are about to be to be taken over by acompany under the 
style of Young, Carrington and Co., Limited. The shares have not 
been offered to the public, but are being taken to a good amount 
by the business friends of the new firm. Mr. Carrington is a 
rising engineer, long engaged with Messrs. Ordish and Le Feuvre, 
of Great George-street, and was last year the president of the 
Society of Engineers. His sound knowledge of the principles and 
details of the class of work to be done will prove of great service. 

Tae Deatu or Mr. Dinnen, R.N.—Mr. John Dinnen, the 
Senior Inspector of Machinery Afloat, was mortally injured, one 
evening last week, by being knocked down by a Hansom cab, 
while he was crossing Whitehall, near the Admiralty. Few 
persons are aware that on an average 250 men, women, and 
children are killed yearly in the streets of the metropolis by 
vehicles, or the horses drawing them. And besides these, the 
— records show that from 1000 to 1200 persons are more or 

ess injured in like manner. That the street traffic of London 
is ever likely to decrease, we do not believe, even with under- 
ground railways in all directions. And time is so precious that 
we doubt if the public will tolerate slower driving, while as for 
the carelessness of pedestrians, we must be content to conclude 
that it will always bear a fixed relation to the great sum of 
human weakness, But crossings under the streets are required, 
and many will yet be made. Even they will have their obyec- 
tionable features in closeness of air and damp, and possibly, 
unless they are carefully watched by the police, as resorts for 
ey and vagrants. Such crossings are sadly wanted, 
ut their construction, drainage, lighting, and ventilation will 
—_ to be carefully considered. 

ESSEMER STEEL Raits 1n AmErica.—The Erie Railway 
Company have lately ordered from Messrs. John Brown and Co., 
of Sheffield, 1000 tons of Bessemer rails to be delivered in New 
York at about 25/. per ton (120 dol. in gold) We understand 
that the Pennsylvania Central Railway Company have ordered 
5000 tons of Bessemer rails from the same makers. 

Tue Broap Gauce.—The 7 ft. gauge, although still worked 
upon the Great Western line, has been practically condemned, 
and is to be abandoned as soon as the narrow gauge can be ex- 
tended over the whole system. 

TUNNELLING MACHINERY.—Captain Penrice and a few of his 
friends, including Sir Charles Fox, attended a private trial of 
his improved tunnelling machinery, on Saturday last. The trial 
came off near Hatfield, and is understood to have been satisfac- 


ory. 
A Junior Encineers’ Cius.—An attempt to form a club 
for the younger members of the profession, is, we believe, receiv- 
ing some encouragement in Westminster. It is proposed to 
form a comfortable and economical club, of say 300 members, 
the annual subscription being about two guineas. 
Tue East Inpran Rattway.—The late locomotive contracts 
given out are for 130 engines, with outside cylinders, and of the 
same general construction a¢ the engine exhibited by Sir W. G. 
Armstrong and Co., in the International Exhibition of 1862. 
Gas Purirication.—Mr. H. P. Stephenson, gas engineer, 
recommends in one of the gas journals the employment of a 
large purifier, always charged with oxide, and placed between 
the governors and the gas holders. It occasionally happens, by 
accident, that foul gas finds its way into the holders, and once 
in it is impossible to get rid of it without, of course, throwing 
the gas to waste; the real difficulty, however, being that the 
presence of foul gas in a holder is hardly suspected before the 
has been already burnt by consumers. Such a purifier 
would, no donbt, in many cases form an important safeguard. 
The layer of oxide must not be so thick as to cause any practical 








loss of pressure. 
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PUBLISHER'S ANNOUNCEMENT. 
Mr. CHARLEs GILBERT begs to state that, a very large 
number of copies of ENGINEERING having been sent out last 
week, many complaints have been received in c 
delay in delivery. This delay will not occur again. ; 
It is hoped that the correct title of this Journal will be given 


to it Fen atone The title is not “ The” 
ENGINE RING, nor “ The ENGINEERING Journal,” but is 
comprised in one word only. It is the more desirable that this 
should be borne in mind, as the title may otherwise be confused 
with that of another Journal having a somewhat similar name. 

As a rule, corr dents 1 ting editorial answers to ques- 
tions of interest only to themselves, must pardon the omission to 
answer 
such queries would greatly interrupt the proper 
mana: of any Journal. : Re? 

Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.m.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is Ul. 1s. 10d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 


ERRATA. 

In the haste of going to press last week, a few errors 
—wunimportant, perhaps—crept into two of the large type 
articles. The editor cannot account for the appearance 
of the word “masculine” in the third line of “ Breaking 
Ground.” It is not in Webster’s definition. In the third 
column of the same article, “‘ Emeritus” should of course be in 
the plural, emereti. In the article upon Bessemer rails a 
singular transposition makes us speak of iron rails at 501. 
per ton. The words “ at 501. or more per ton” should follow 
“ The Bessemer rails,” in the second line above. Further on, 
the word “ decarbonised” was hastily used for “ decarburised.” 
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The Secretary to Messrs. John Brown and Co., Limited, 
writes us to say that Mr. Brown mentioned 181, 10s. and not 
221., at the Sheffield meeting of the Mechanical Eng 
as the price, at that time, of Bessemer rails. The remark 
was made, we find, during the discussion of his own and not 
of Mr. Bessemer’s paper, although both were read on the same 
occasion. 

Mr. Sells, of Messrs. Maudslay, Sons, and Field's, writes us 
to say that the Agincourt’s engines have a stroke of 4 ft. 6 in., 
and that the highest piston speed on the late trials was 
5534 ft. per minute, and the indicated power with half the 
boilers on was 4426 H.P. We took the number 3115 from 
another report, and may just note that 4426 indicated horse 
power from only one half of the Agincourt’s boilers is an 
excellent result. 








All letters connected with the business department of 
ENGINEERING to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, London, W.C. All 
other letters to be addressed, there, “To the Editor of 
** ENGINEERING.” 

ENGINEERING is registered for transmission abroad, 


ANSWER TO CORRESPONDENT. 
W. H.—As far as we are aware, no description of the ma- 
chinery you allude to has been published. 
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THE INSTITUTION OF CIVIL 
ENGINEERS. 

Ow the evening of January 2nd, 1818, was held a 
meeting at the King’s Head Tavern, in Cheapside, 
comprising a few gentlemen then beginning life as en- 
— Among them were William Maudslay, Joshua 

ield, Henry Robinson Palmer, James Jones, Charles 
Collinge, and James Ashwell.* It had been previous! 
ee to form a society in which the members onli, 
as lar as was practicable and expedient, exchange their 
varied knowledge and extend their professional inter- 
course with each other. From this meeting dates the 
birth of the Institution of Civil Engineers, the general 
Tules of government of which have been but little 
modified from those then laid down, nearly forty years 


ago. The young society continued to assemble at the 
same place for about two years, until, on January 23rd, 
1820, the members addressed an application to Thomas 


Telford, requesting him to become their president. He 


consented, although at the time when he was applied y 


to he had never even heard of “The Institution of 
Civil Engineers.” He was formally installed on 
the 23rd of March of the same year, and not only ful- 
filled his official duties with oul sound sense, but he 
interested himself also in obtaining a 
which was finally granted by George iV. 
meorporating the Institution of 
now exists. 


royal charter, 
> IV., June 3rd, 1828, 
é of Civil Engineers as it 
It is now impossible to estimate what the 


to be still living, but his address 





* Mr. Ashwell is understood 


of 


The task of replying weekly to a great number of 
of replying _) 


.ceived greater favour than ever before. We think the 


profession and the world owe to the Institution. We 
are sure that hundreds of executed works—works 
which ordinary minds would have pronounced as hope- 
lessly impracticable—would not have been undertaken 
for years but for the recorded knowledge and proofs 
of success contained in the Transactions of the Institu- 
tion. Whoever plans and carries out a sound engi- 
neering work, especially if it be unusual in design, is 
always welcome at the house in Great George-street. 
He has only to describe and illustrate what he has 
done, and there are twelve hundred members, of all 
classes, who are glad to listen to (or at any rate to read 
the official abstract of) the “paper,” and which, with 
the discussion upon it, makes its appearance at last, ix 
extenso. 

And it is impossible to estimate the extent to which 
the Institution has. established the profession in the 
respect of the public. By union and organisation each 
engineer becomes part and parcel of a recognised public 
body, which, as is well known, can influence—wherever 
there is just occasion to influence—the highest powers 
in the realm. 

Within the last year his Royal Highness the Prince 
of Wales was elected an honorary member of the In- 
stitution, by acclamation, also General Todleben, and 
other eminent men. The effective increase of mem- 
berships, after deducting deceases, resignations, and 
erasures, now amounts to about 100 yearly, and on the 
30th of November last there were 1203 members, of 
all classes, on the books. The income of the Institu- 
tion is now above 5000/. per annum, and it has almost 
exactly 25,000/. of funded property. Besides this 
nearly 23,000/. has been mel oe in donations to the 
benevolent fund, and to which also 702/. per annum 
have been promised. 

The lease of the house No. 25, Great George-street, 
has nearly forty years to run. It is not now nearly 
large enough for the purposes of so extended a body, 
the library is altogether insufficient, and the theatre, 
when discussions of special interest are held, is over- 
crowded. On the occasion of the president’s annual 
conversazione the crush is extraordinary. The Institu- 
tion not only requires a new house, but there is now 
little doubt that long before the lease in Great George- 
street expires the members will have notice to quit. 
A private bill has already been lodged, for the coming 
session, called the ‘“ Houses of Parliament Ap- 
** proaches,” and which includes the compulsory pur- 
chase of all the property on the north side of Great 
George-street, including the house of the Institution. 
Even should this bill fail to become an Act, it is be- 
lieved that Government contemplate the ultimate ex- 
tension of the public offices over the whole site in ques- 
tion. Indeed, it is already time to seek a site for a new 
building, but here the difficulty is very great. The 
Council hardy know in which direction to turn. All 
Westminster is in a transition state, and short of the 
old Abbey and the Houses of Parliament, there is no 
knowing what buildings may not be removed. The 
Metropolitan Railway Company will, we believe, make 
a fine, and even stately, thoroughfare of Tothill-street, 
now a miserable passage at the back of the West- 
minster Palace Hotel, and here a site has been spoken 
of. Others have said that the Institution should pur- 
chase the palatial town residence—Montagu House— 
just completed by the Duke of Buccleuch, and which, 
now that the Embankment has opened up his river 
front to the use of the public, he will no longer occupy. 
A committee was appointed at the last general meeting 
of the Institution to consider the whole subject, and we 
shall know the result of their deliberations in due time. 








ENGINEERING PROGRESS IN 1865. 


Ir is not yet too late to take stock of the progress 
made in engineering plans and practice during the 
last year. Were this progress but moderate, it might 
not deserve recapitulation ; but in recalling it to view, 
it appears to have been unusually extended. Although 
it is difficult to choose the best point for review, one 
thing is certain—capital has been more than usually 
abundant, and the propositions of engineers have re- 


ear 1865 may be noted as remarkable for the magni- 
tude of the engineering undertakings rrr: od 
actually commenced. Mr. Bateman has elaborated a 
great plan for supplying London with water from the 
River Severn, sufficient for a prospective population 
of five million souls ; and Mr. Dale, of Hull, has put for- 
ward a catefully considered scheme for supplying 
water to the great towns of Lancashire and Yorkshire, 
from Westmoreland and Cumberland. These schemes 
involve, each, an outlay of eight or nine millions 
sterling ; and, although their execution may be de- 





is not known at the Institution. 


favour. The new metropolitan railways, in hand or 
sanctioned, are of great structural proportions, although 
their mere length may be but one or two hundred 
miles. It is only within the last year that the 
pneumatic system—which promises to bring about a 
complete change in our present mode of working 
underground railways—has fairly obtained a footing in 
London—or, indeed, a footing at all. The railway 
works undertaken in the provinces are of colossal 
magnitude. There is the Forth bridge, over two 
miles long, already begun; and a still longer railway 
bridge over the Severn is authorised, and we are, after 
all, inclined to believe, will soon be commenced. Mr. 
Brunlees is making a bridge a mile in length over the 
Solway Frith; and, although abandoned this pom, there 
is a digested scheme, which will yet take form, for a 
great bridge over the Humber, near Hull. It is 
nothing now to tunnel under great rivers. The Thames 
will have a railway under its waters within a year— 
that between Waterloo Station and Whitehall. Sir 
Charles Fox has another work of the same character 
designed for the City and London Bridge line; and 
Mr. Sheilds has planned a sub-way under the river 
from Deptford to the Isle of Dogs. There are two 
tunnels proposed under the Mersey, and the Dublin 
connecting Bee will dive under the Bed of the Liffey. 

Larger and larger steam-ships are being employed 
in regular traflic—a fleet of express steamers is at last 
seriously proposed to run between Liverpool and New 
York in six days; and the stoppage of the American 
war has resulted in the conversion of more than one 
embryo blockade runner into a handsome saloon steam- 
boat. The Admiralty have at last found on trial that 
they have at least three vessels which can work with 
as be a consumption of fuel as 2lb to 24lb. per indi- 
cated horse power—the Constance, the Octavia, and 
the Arethusa. Mr. Reed has been doing his best too, 
and with abundant result; and Captain Coles’s system 
of turret ships has attained a decided measure of prac- 
tical success. Speaking of ships, we will only mention 
the curious vessel, the cigar ship, of Messrs. Thomas 
and William L. Winans. We at present predict nothing 
for it, but its existence is a fact, and something may 
come of it. 

We are making more iron than ever, we are working 
the Bessemer and other processes of forming ingots 
to a larger scale than ever; and something is being 
done practically in the way of machine puddling. Steel 
tubes are now being drawn, in the way of business, in the 
cold state; Mr. McHaffie is making 24-ton to 4-ton 
castings of malleable iron ; and steel bars are at last 
adopted in the construction of the new Albert bridge 
at Chelsea. It is within the last year that the price 
of steel has been brought, practically, down to that of 
iron. The regenerative furnace of Mr. Siemens, after 
remaining for years in the region of discussion, has at 
last taken its place as a great fact in the practical and 
economical application of heat. 

The Thames Embankment is not merely a great work 

to Londoners, but it is great in comparison with any- 
thing of the kind ever executed; and its greatness is 
becoming daily more and more visible. The main 
drainage works are making steady progress, and they 
will always command admiration for their vast extent 
and elaborate detail, whatever their results may be with 
respect to the cleanliness of the Thames and the health 
of the metropolis. 
Even the Atlantic telegraph failure, deplorable as it 
was, has but confirmed the belief of competent judges 
in the entire practicability of a new cable from Ireland 
to Newfoundland. In the mean time, a great land line 
of 15,000 miles in length is creeping round the world, 
from New York to Paris and London, with only a few 
miles of sea at Behring’s Straits and across the tn lish 
Channel. The Americans have been telegraphing daily 
for years over a distance of 3400 miles, from New 
York to San Franscisco ; and with the relay apparatus 
at proper distances, messages can be sent to any dis- 
tance, however great. Private telegraphs are becoming 
general in all the great towns, and the receipt of a 
telegram, even by nervous ladies and gentlemen, has 
ceased to create the sensation it once did. 

We are simplifying our —_ ordnance, and are 

arming our fleets with larger and larger guns. As to 
small arms, breech loaders have gained a practicable 
and, we believe, a permanent form, and a useful and 
promising introduction into service. 
Gun cotton has become a safe, trustworthy, and com- 
mercial substitute for gunpowder for many purposes, 
and Mr. Gale’s dilution of gunpowder with powdered 
glass or sand promises security against any repetition 
of the Erith disaster—although we are not quite confi- 
dent of the wide adoption of the means proposed. 





layed, public opinion is being strongly excited in their 








The experiments on Mont Cenis have given good re- 
sults, and we believe that Mr. Brunlees is sieeidy look- 
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ing forward to the application of the middle rail to his 
four inclines rising 1 in 9} for a total length of 5 miles 
on the San Paulo Railway. Mr. Fairlie’s engine, 
although not yet, perhaps, perfected in detail, has given 
a new direction to locomotive practice. We believe 
that the locomotive engine is now on the eve of im- 
portant structural changes which will greatly add to its 
powers and adaptability. Mr. W. B. Adams has gained 
a decided vantage ground with his improvement—the 
radial axle box, and those who know most of his spring 
tyres, speak best of them. 

The great gas agitation has come to a head, and we 
may, perhaps, look for cheaper, if not better gas than 
ever. Liquid fuel, too, is looking up, and Mr. Richard- 
son, the persevering architect, has at last obtained re- 
spectable results from petroleum. And it cannot be 
denied that peat, in its various manufactured forms, is 
now much nearer than ever before to practical and 
economical adoption. Shale; oils, and the products into 
which they are converted, are now becoming plentiful 
and cheap. In the mean time, coal is being worked 
deeper, and to better advantage—coal-cutting ma- 
chinery being now also in considerable use. 

We might extend our observations to many other 
branches of engineering and manufactures, but we be- 
lieve that no close reasoning or precise statement is 
necessary to show that their progress is really becoming 
more rapid now than at any former period. We do not 
speak so much of absolutely new discoveries as of the 
increased commercial application being made of exist- 
ing knowledge. 

LONDON WATER SUPPLY. 

Tie population of London now amounts to 3,000,000 
people. At the commencement of the present century it 
consisted of one-third ; forty years ago of one-half ; and 
twenty years since of two-thirds this number ; and, sup- 

osing it to increase at the same rate, it is probable that 
m the course of twenty years from the present time it 
will number at least 4,500,000 souls. The task of 
furnishing such a large community with an abundant 
supply of pure water is no slight one, on the contrary, 
it is one which demands that the most anxious con- 
sideration should be paid to its general arrangement, 
and careful attention to the construction of the details 
by which it may be earried out. At the present time 
its performance is divided between eight water com- 
panies, who derive their water partly from the Rivers 
Thames, Lea, and Ravensbourne; partly from the 
original sources of the New River Company, and 
partly from deep wells on the northerly and easterly 
sides of London. Altogether these companies supply 
on the average about 108,000,000 galls. daily, equal to 
about 30 galls. per head on the present population. Of 
this large quantity rather more than half is abstracted 
from the Thames, five companies drawing their water 
from that source. In 1852 several Acts were passed, 
authorising the withdrawal of water from the Thames, 
and limiting the quantity so abstracted to a maximum 
of 100,000,000 galls. per day, the minimum quantity 
of water then passing Hampton being estimated at 
362,000,000 gails. daily. According, however, to ob- 
servations made in September, last year, the quantity 
which passed down the river, above the waterworks at 
Hampton, scarcely exceeded 300,000,000 galls. daily, 
and many complaints have been made, by people re- 
siding on the banks of the river, below the points at 
which the water is abstracted by the different com- 
panies, with reference to the diminished volume of the 
stream and its pollution. 

In consequence of complaints made in 1852 about 
the quality of the water supplied, the London com- 
panies have been compelled since that time to take 
their water from higher points in the rivers, and they 
have expended nearly 4,000,000/. in the construction 
of werks enabling them to do this, and effecting other 
improvements. The water now supplied by them con- 
tains, according to an analysis made by Professor 


Frankland, F.R.S., last month, an average quantity of 


31.8 lb. of solid matter in each 10,000 galls., or 
100,000 Ib. of water. Of this quantity the organic 
matter averages 1.28lb; the smount contained in 
the Thames water being about twice as great as that 
found in the water from other sources, although the 
total quantity of solid matter is less. The degrees 
of hardness, estimated by the quantity of carbonate 
of lime or its equivalent, contained in the water, 
were, according to Dr. Clark’s scale, 12.39° for the 
Thames, and 23.6° for the other water; the total 
average being 20.3° In Dr. Clark’s scale, one de- 
gree of hardness corresponds: to the presence of one 
grain of carbonate of lime, or its equivalent, in one 
gallon of the water, or 1 part in 70,000. 

We have been led to the above remarks by a con- 
sideration of a scheme which has been lately brought 





forward by Mr. J. F. Bateman, the engineer of the 
Glasgow and Manchester waterworks, for furnishing 
the metropolis with an abundant supply of pure water, 
drawn from sources situated amongst the Welsh moun- 
tains, and conveyed to London by an aqueduct. Mr. 
Bateman has published, for private lecabtien, an eXx- 
cellently written pamphlet* containing an account of 
his plan,and from this we obtain the following particulars. 
It is intended that the supply shall be derived from the 
eastern flanks of the mountain ranges of Plynlimmon 
and Cader Idris in North Wales, from which spring 
the upper tributaries of the Severn. Generally it is 
found that the greatest rainfall in any country takes 
place in that portion of it which is towards that quarter 
from which the prevailing winds blow ; in the case of a 
mountain chain, on the contrary, the greatest amount 
of water is deposited on that side of it which is gene- 
rally to leeward; this latter fact being apparently due 
to the warm moist air being deflected upwards by 
the hills into a colder portion of the preelle: The 
formation of rain clouds is a necessary consequence, 
and these discharge their contents on arriving over the 
sheltered valleys on the lee side of the mountains. As 
in England, the prevailing winds are westerly, both the 
above-mentioned facts would tend to show that a very 
heavy rainfall might be expected on the eastern side of 
the Welsh hills, and the observations that have been 
made fully confirm this. The rainfall in the Cumber- 
land Lake district, which greatly resembles that above 
mentioned, has been found to average nearly 150 in. 
annually, while on the Penine range, which sepa- 
rates Yorkshire and Derbyshire from Lancashire and 
Cheshire, it amounts to about 50in. Of this latter 
quantity the net produce which flows off the ground 
in dry years is found at the Manchester Waterworks, 
which are situated in the heart of the district, to 
be 33 in. 

Mr. Bateman considers that, in the Upper Severn 
basin, 45 in. per annum will be available for collection ; 
but, in order to be on the safe side, he bases his calcu- 
lations on 36 in. only. The requisite drainage area he 
proposes to obtain by two districts, amounting together 
to 130,572 acres. ‘These are free from metalliterous 
veins, and are situated on the Upper and Lower 
Silurian; formations, which yield water of excellent 
quality, and they afford moreover every facility for the 
construction of magnificent store reservoirs. The 
northern district is situated on the eastern side of the 
mountain range which includes amongst its highest 
summits Cader Idris and Aran Mowddy. It contains 
the sources of the Rivers Banw and Vyrnwy, and has 
an area of 66,380 acres. On the River Vyrnwy it is 
proposed to form, by an embankment 76 ft. in height, 
a lake, or reservoir, five miles in length, and capable of 
containing 1,089,000,000 cubic feet. On the River 
Banw two reservoirs are proposed, one with an em- 
bankment 80 ft. in height, being four miles long, and 
able to contain 940,000,000 cubic feet ; and the other 
enclosed by an embankment of the same height, having 
a capacity of 732,000,000 cubic feet. 

The southern district forms the drainage ground of 
the Severn proper; it has an area of 64,192 acres, 
and is situated to the east of Plynlimmon. It will be 
furnished with several reservoirs, the principal of 
which, with an embankment 75 ft. in height, will con- 
tain 2,230,000,000 cubic feet. The discharge pipes 
from the lowest reservoirs in each district will be 
situated about 450 ft. above Trinity high-water mark. 

From the collecting districts the water will be con- 
ducted by separate aqueducts to a point near Marten 
Mere, at which place they will be united into one 
larger aqueduct, extending thence, past the towns of 
Bridgenorth, Bromsgrove, Henly in Arden, Warwick, 
Banbury, Buckingham, Berkhampstead, and Watford, 
to large service reservoirs, which it is proposed to con- 
struct on the high land near Stanmore. These reser- 
voirs, which will be of sufficient capacity to hold ten 
days’ supply, will be 250 ft. above high-water mark, 
and from them the water is to be supplied to London 
through about ten miles of piping, the service being 
conducted on the “constant supply” and “high pres- 
sure” system. The branch aqueduct from the 
northern district to Marten Mere will be 19 miles, and 
that from the southern district to the same point, 214 
miles in length. The length of the principal aqueduct 
from Marten Mere to the service reservoir at Stan- 
more, will be about 152 miles, and it will be made 
capable of carrying 220,000,000 of gallons per day, 
the two branch aqueducts being each made to convey 
130,000,000 gallons daily. The aqueducts will be 
carried through the mountain ranges between the col- 
lecting districts and Bridgenorth, principally by tun- 
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* On the Supply of Water to London from the sources of the 
River Severn, By Joux Freperick Bateman, C.E., F.R.S., 
F.G.S., &c. Westminster: Vacher and Sons. November, 1865 


nelling. At Bridgenorth the main aqueduct will be 
conveyed across the Seyern by inverted syphon pipes ; 
and the same means will be employed to carry it across 
the valleys of the Rivers Stour, Avon, and other 
streams. Between Bridgenorth and London it will 
consist partly of covered aqueduct or tunnel, and partly 
of open aqueduct, and its course will be such that it 
will avoid all the coal-fields near its route, and will 
pass to the north of Droitwich and its saliferous de- 
posits. The accompanying illustrations give the average 
section of the main aqueducts, the branch aqueducts 
being similar in general construction, but smaller. The 
open branch aqueduct is intended to convey 130,000,000 
gallons of water per day, with a fall of 6 in. per mile ; 
and the covered branch aqueduct to convey}128,000,000 
gallons per day, with a fall of 14 in. per mile. In the 
case of the main aqueduct, the open portion having 
the section shown by fig. 1 will convey, with a 6 in. 
fall per mile, 224,000,000 gallons daily; and the 
covered portion represented by fig. 2 will be capable 
of conveying 221,000,000 gallons per day, the fall 
being in this instance 14 in. per alle The total dis- 
tance to be traversed by the water from the lowest 
reservoir on the River Vyrnwy to London (including 
the length of the piping between the service reservoirs 
and the metropolis) will be 181 miles, whilst from the 
Severn reservoirs it will berather farther, or 1834 miles. 

The cost of the undertaking is estimated by Mr. 
Bateman at 8,600,000/., of which, 1,100,0002. will be 
required for carrying out each of the branch aqueducts, 
with its reservoirs, and the remainder for the construc- 
tion of the main aqueduct, and the service reservoirs in 
which it terminates. In this estimate the cost of con- 
necting the service reservoirs with the pipes of the 
existing companies is included, and 14 per cent. upon 
the whole cost of works, land, and piping is also allowed 
for contingencies ; but provision has only been made for 
constructing the syphon pipes, by which the main aque- 
duct is carried across oue, of a sufficient capacity to 
convey 120,000,000 gallons daily, it being proposed to 
increase the size of these syphons when the increased 
demand for water renders such a course necessary. Mr. 
Bateman also considers that it would be unnecessary 
at first to construct the reservoirs, &c., in more than 
one of the collecting districts, and the expenditure of 
1,100,000/. might thus be postponed for some time. 

Analyses of the water taken from streams in the 
collecting districts during dry weather, were, made 
by the late Dr. R. D. Thompson, F.R.S., and the 
average amount of hardness was found to equal only 
1.6° of Clark’s scale, the average quantity of organic 
impurity being 1.35 grains per gallon, or 1.93 parts in 
10,000. Water obtained during floods would pro- 
bably be even softer than that above mentioned, the 
water in Bala lake, which is derived from a similar 
geological formation having only 0.8° of hardness, 
whilst the organic impurity amounts to 1.28 grains, 
and the total impurity of all kinds to but 2.08 grains 
per gallon, or 2.97 parts in 10,000. The water supplied 
to Glasgow from Loch Katrine is of 1° of hardness, 
and the substitution of this soft water for that pre- 
viously obtained from the Clyde, which varied from 
7° to 9° of hardness, has been carefully estimated 
to effect an economy in domestic establishments alone, 
“equal to the whole rate there paid for the water 
“ supply, or to 36,000/. a year, upon a population of 
** 400,000 persons.” From this, Mr. Bateman assumes 
that the saving which would be effected by supplying 
London with water such as would be obtained from the 
Welsh hills, in place of that now delivered by the water 
companies, would amount to at least 400,000/. per 
annum. 

The cost of the whole undertaking, great as it is, is 
not much greater in proportion to the population to be 
supplied, than the sums which have been already ex- 
ended in the construction of waterworks by the in- 
iabitants of Liverpool, Glasgow, Manchester, and 
many other large towns. At Liverpool the cost of 
new works has been at the rate of about 75,0002. for 
each million gallons per day, while at Manchester it 
has been 34,0002., ail at Glasgow 45,000/., for a like 
quantity ; this last rate will, however, be reduced to 
22,0007. when the full supply is obtained from Loch 
Katrine. If to the cost of new works we add the 
sums which have to be paid to previously existing 
companies, we find the above rate materially increased. 
Thus at Liverpool the cost will become 115,115/. ; at 
Manchester, 60,000/., and at Glasgow 59,260/., or when 
the full supply is obtained, 33,645/. per million gallons 
daily. The cost of Mr. Bateman’s scheme for supply- 
ing the metropolis would be 71,000/. per million, 
whilst the nse. consisted of 120,000,000 gallons per 
day ; but this rate would be reduced to 49,300/. per 
million when the full quantity was supplied: Mr. 





Bateman thinks that it would not be unreasonable to 
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expect that the Government should assist in raising 
the capital necessary to carry out the undertaking, and 
that the money might thus be obtained at a low rate of 
interest, say 4 per cent. Assuming this, he calculates 
the total annual expenditure to be as follows :-—, 
Interest on capital of £8,600,000 at 4 per cent. ... £344,000 
Management and working expenses coe «- 150,000 
Payment of dividends to existing companies, “} 450,000 
interest of their borrowed money ees eee : 





Total £944,000 


To meet this expenditure it is proposed to levy two 
compulsory rates, one a public rate on house property, 
and the other a domestic rate, and in addition to these 
rates, it is expected that a considerable sum would be 
raised by the sale of water for trade purposes, to subur- 
ban districts, and to places on the line of aqueduct ; 
and also by the rental of the ground occupied at present 
by the works of the existing companies. The assessable 
value of the property in the Metropolitan district was 








Fie. 1. 


last year 14,524,7977., and it is assumed by Mr. Bate- 
man that this value would be increased to at least 
18,000,000/. by the time that the works, required to 
convey the water from Wales, could be completed. It 
is also assumed by him that the assessable value of the 
dwelling-houses would amount to two-thirds of the 
whole, or 12,000,000/., and from these data he calcu- 
lates upon the following revenue :— 


Probable annual value of surplus property of existi 
companies .., — » ae -_ £ 50,000 


Sale of water for trading purposes, ie -. 250,000 
Compulsory rate for domestic supplies at 10d. in the 500,000 
pm ee a ge pen eee “e oes : 
ompulsory public rate at 2d. in the pound on js 
a. ae ee ont 150,000 
Total ... £950,000 


At both Glasgow and Manchester the waterworks 
are the property of the corporations, and the system of 
compulsory rates has been found to work well. At 
Glasgow the corporation have the power to levy a 

ublic rate of 1d. in the pound together with an un- 
imited domestic rate, on that part of the city which is 
to the north of the Clyde, and a rate of 1s. in the pound 
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on the part which is to the south of that river. The 
rates actually levied are 1s. for the domestic and 1d. for 
the — rate. At Manchester the corporation can 
also levy two compulsory rates, one being a publie and 
the other a domestic rate, and both being unlimited in 
amount. The rates now levied are 9d. in the pound for 
the domestic, and 3d. for the public rate. At both 
Glasgow and Manchester large sums are obtained by 
the sale of water for trading purposes, the increase of 
revenue arising from this source being 35,2777. and 
56,324/. respectively for the two places; and we may 
judge, therefore, that the sum of 50,000/., which Mr. 

ateman expects would be annually obtained in the 
same manner in the metropolitan district, is not ex- 
cessive. Altogether, Mr. Pehene’s scheme appears 
to be a good and thoroughly considered one, and to 
be well hari | of the careful attention at the present 
time of both the engineering and general public. 








PETROLEUM FUEL. 


Prrrotevum in its crude state is a compound of a 
spirit (called mineral naptha, or tt nae spirit), a 


these three elements (which may be separated by dis- 
tillation) vary greatly in different samples ; some kinds 
evolve inflammable vapour at a low temperature, and 
are, consequently, readily ignited; while in other 
varieties, such as the heavy oils of Rangoon, Egypt, 
and the West Indies, as well as in the in lish coal 
oils, the quantity of spirit is small, and the oils, conse- 
quently, only vaporise at a high temperature. During 
the past year, the question, whether petroleum can be 
advantageously employed as a fuel for marine boilers, 
has been considerably discussed, and numerous experi- 
ments have been made at Woolwich by Mr, C. J. 
Richardson to test the evaporative power of the ma- 
terial, and to ascertain the best method of utilising it. 
Mr. Richardson first directed his attention to the for- 
mation of an artificial coal by the admixture of the oil 
with any porous material, and the results then obtained 
pase nal him that petroleum could be best consumed 
by the aid of a porous stone wick dipping in a trough 
containing the oil. 

The first grate made on this principle consisted. of 
three porous bars or wicks of a T section, the vertical 
portion of each dipping into a trough containing petro- 
leum. The three troughs were connected at the end 
next the chimney by a transverse chamber, on the to 
of which was fixed an arched tube, perforated with 
small holes, through which the vapour arising from the 
petroleum could escape. Each of the oil troughs was 
surrounded by a chamber through which the feed 
water of the boiler was made to pass, and the oil was 
thus prevented from becoming unduly heated (as it has 
a tendency to do) when the apparatus was at work. 
The grate was first tested under a cylindrical boiler at 
Chelsea, which, when worked with coal, used about 
12 ewt. per day, and, when the water was cold, required 
wood and about 3 ewt. of coal to get up steam. The 
draught passed direct from the grate along the bottom 
of the boiler to the chimney, and at the time of the 
first experiments, the brickwork was wet, having been 
just renewed, On that occasion the temperature of 











the water in the boiler was only raised 30° in 24 hours 
with the consumption of rather less than two gallons 
of oil; the feed water which passed through the grate 
running to waste, and escaping at a temperature of 
from 168° to 247°. The quantity of feed water was 
too great, and the flame was kept very low in conse- 
quence. Ar alteration was then made, the inlet and 
outlet pipes uf the water chamber being connected 
with the boiler itself, and under these circumstances 
steam was raised in about three hours, 24 gallons of 
crude petroleum being consumed. The vapour tube 
did not act in these experiments, owing to the vapour 
chamber being too low. 

The grate was next removed to Woolwich, and, by 
as of the Admiralty, placed in a 14-horse 
oiler there. Steam was raised in 1} hours with an 
expenditure of 4& gallons of oil—but the grate not 
not having been constructed to bear the pressure to 
which it was subjected cracked and opened at the 
joints, causing a waste of oil. 

The improved grate now used by Mr. Richardson is 
shown by the accompanying illustration. The casings, 
which are of wrought iron, form part of the boiler, and 
are fixed in it in the same manner as an ordinary fire- 
ox. The boiler is 6 ft. by 5 ft., by 4 ft. ll in., and 
contains four of these fireboxes. The fire bar or 
“wick” is fitted into a deal frame, and extends across 
the easing dividing it into two parts, of which the lower 
acts as an oil chamber and the upper as a firebox. 
The deal frame is protected from the action of the 
flame by a layer of fireclay placed over it, as shown in 
the figure. The best material for the wicks is found 
to be either the moulded carbon used for filters, or the 
ordinary founder’s loam ; the latter beisag the substance 
used at Woolwich. A wick may however be formed 
of any _ material covered with a layer of 
powdered lime, charcoal or salt, about half an inch 
thick ; and it is found that, durmg the combustion of 
the oil, there is deposited upon the surfaee of tive wick 


ing a highly jyorous 





burning oil, and heavy petroleum. The proportions of 





a layer of petroleum coke, which, being 
material itself, forms an excellent wick. The air is 


supplied to the furnace by an opening in the ,door 


about 6 in. by 1 in., fitted with a perforated plate, and 
a small quantity of air is also admitted at the back of 
the combustion chamber. The petroleum is supplied 
to the grate by pipes leading from a tank containing 
it, and as the heavy oil, which can be most advan- 
tageously employed as fuel, contains little or no spirit, 
the tanks can be placed close to the boiler, and the 
heat from the latter will then render the oil fluid. 

To start the grate when the water is cold, it is ne- 
cessary to employ a light oil which can be readily 
absorbed by the wick, such for instance as the pure 
petroleum or the first product obtained from the crude: 
oil by distillation. This can be contained in a tank, 
and oe supplied to the grate by a pipe in the same 
manner as the heavier oil, the supply being shut off 
when the apparatus becomes warm. The petroleum 
grates require no ash pit, and two of them therefore 
occupy no more space than an ordinary firebox. 

During Mr. Richardson’s last experiments at Wool- 
wich, from 12.96 lb. to 13.66 lb. of water was evaporated 
by the combustion of 1 lb. of American petroleum, and 
as much as 9.7 lb. of petroleum per square foot of fire 
grate was in some cases burnt in an hour. With coal 
oil the evaporation was rather less, and with shale oil 
still less—about 10 lb. or 10$1b. of water per lb. of 
oil. Unfortunately the boiler was never in use for a 
longer period than 34 hours at one time, but the re- 
sults obtained seemed to indicate that a more extended 
trial would be favourable to the economical use of the 
oil. It is expected that further experiments will be: 
made shortly, and that the working of the apparatus. 
will then be tested for longer periods. During the: 
trials that have already taken place, the wicks have 
shown no tendency to clog; but, if under continuous: 
working they should do so, they could be easily cleaned: 
by running through them a little spirit or gasoline, or 
natural petroleum of light specific gravity. Mr. 
Richardson, indeed, considers that the engineer should 
have the power of running into the grate any kind of 
oil which he thinks proper, either for cleaning the 
wicks or for the purpose of obtaining extra power. 

By the experiments which he has carried out at Wool- 
wich, Mr. Shiseboes has satisfactorily demonstrated! 
that petroleum can, for short periods at least, be suc- 
cessfully burned under a steam boiler, and the question 
whether it can be practically employed as a fuel for 
steam vessels appears to us to depend principally upon 
commercial considerations. The advantt claimed 
for petroleum are, principally: the facilities which it 
affords for compact stowage, its high evaporative power, 
the ease with which a boiler using it can be fired, andi 
the certainty of the results obtained. In opposition to 
these advantages is placed the cost of the material. 
For vessels sailing from this wie’ f the American pe- 
troleum would be rarely employed on account of its: 
high price ; the shale oil would be used, notwithstand-. 
ing its inferior evaporative power, This oil will pro-. 
bably soon be procurable at irom 5/, to 64, perton. If 
we take it at 5/. 10s. per ton, and its evaporative power 
as only one and a half times greater than that of coal, 
its cost, compared with that of the latter fuel, would, 
in the case of a steamer using, say 900 tons of coal per 
voyage, be as follows :— 

600 tons shale oil (—=900 tons coal) at 5/. 10s, «ve £3800 
Subtract sum due to freight space saved=300 tons at 


oo oe 





21950 

The cost of the 900 tons of coal, at 15s. per ton, would 
be 6751, and in this case, therefore, the balance 
inst the petroleum would be 1275/. In the case 

of vessels on Indian stations it would be different. 
In India the supply of coal is small, and that exported 
from England costs upwards of 4/. per ton; on the 
other hand, there are abundant supplies of petroleum, 
the Rangoon wells alone being 520 in number, and 
supplying 400,000 hogsheads annually. The petroleum 
could therefore be probably loaded on board at a price 
very little exceeding that of coal, and the g's J in the 
freight space would therefore leave a large balanee in 
favour of the petroleum. It is, however, for war ves- 
sels that petroleum fuel is likely to prove most useful. 
The fact of a certain weight of petroleum enabling them 
to steam from one and half times to twice the number 
of hours that they could do with the same weight of 
coal, is sometimes of far greater importance than any 
question of expense. On the other hand, if the same 
steaming power is retained, the saving in the weight of 
the fuel will enable thenr to carryheavier ordnance and 
armour, and altogether it seems probable that petro- 
leum may eventually be used in such vessels with 
success. ‘The greatest credit is due to Mr. Richardson 
for the patience and perseverance with which he has 
puteged hile past experiments, and we hope that in the 





course of his future ones he may obtain even still more 
favourable results. 
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THE ROQUEFAVOUR AQUEDUCT. 


Tue Aqueduct at Roquefavour is situated on the line of a 
canal constructed for the pu of conveying to Marseilles a 
supply of water derived from the river Durance. The Durance 
is a stream rising in the Alps and flowing into the Rhone, and is 
separated from Marseilles by threej low mountainjranges, the 
numerous ramifications of which formed considerable obstacles to 
the construction of the canal. As long agoas the year 1507 it 
was proposed to supply Marseilles with water from the Durance, 
but it was not‘until more than ,three;,hundred years after that 
date that anything definite was done. In 1836 M. de Mont 
Richer was commissioned by the inhabitants of Marseilles to 
make the necessary surveys, and in 1888, the requisite sanction 
ne been obtained, the execution of the work was intrusted to 

im. 

The canal of Marseilles has a total length of 51 miles, and its 

construction involved the execution of many works of great 





magnitude, of which that forming the subject of the present 
notice is the principal. The Roquefavour Aqueduct, of which 
the accompanying illustrations represent an elevation and 
transverse section, is constructed across the valley of the Are, 
about five miles from Aix. It was described (principally from 
some particulars furnished by M. C. Nepveu) in a paper by Mr. 
George Rennie, read before the Institution of Civil Engineers in 
1855, in the course of the discussion on which, a communication 
from the engineer, M. de Mont Richer, containing a short 
account of its construction was, also brought forward. 

The aqueduct is composed of three tiers, the first con- 
sisting of twelve arches, 49.21 ft. span, and 111.87 ft. high from 
the standard level of the river; the second of fifteen arches, 
52.49 ft. span, and 123.36 ft. high; and the third tier of fifty- 
three arches, 16.4 ft. span, and 35.92 ft. high to the top of the 
parapet. The total height of the parapet above the level of the 





river is therefore about 272 ft.; but, measured from the lowest 
part of the foundation, it is about 305 ft., while its total length 











of the second range. The piers are all founded on the solid rock, 
the greatest depth to which it was necessary to excavate in order 
to reach this, being 32.8 ft. below the low-water level of the 
river. The width of the aqueduct channel is 7.54 ft. at the top, 
and 6.56 ft. at the bottom, the average thickness of the face 
walls being 3.6 ft. The channel is laid with a fall of 1 in 250, 
and a cornice, furnished with a parapet, forms a passage on each 
side of it. Hard cut stone has been employed for the face walls 
of the aqueduct and piers, while the body of the arches and 
backing of the haunches consist of rubble masonry. The total 
cost of the aqueduct was 148,000/., that of the whole canal being 
given by M. Pascal, the engineer to the port of Marseilles, as 
800,000/. The aqueduct was commenced on the 6th of August, 
1839, and completed on the 30th of June, 1846, the whole of 
the canal being finished in June, 1847. All the works connected 
with it were designed by M. de Mont Richer, and there is no 
doubt but that they will long remain to give evidence of his 
energy and skill. 


THE TEES BREAKWATER. 

THE numerous and most disastrous wrecks at the mouth 
of the Tees, long ago led to the consideration of a plan for a 
breakwater there. But although, on several occasions, the 
subject of providing a harbour of refuge on the coast, in the 
vicinity of the Tees, had been dealt with by influential parties, 
the matter never assumed a definite shape until the Tees Con- 
servancy Commissioners took up the project, and determined to 
effect what all the public spirit of the district had failed in 
——— After much time and attention had been ex- 

nded upon the question, the Board, in 1854, engaged the late 

r. Rendel, to survey the estuary of the Tees, and report upon 
ts eligibility as a harbour of refuge. That gentleman presented 
a report, showing that the bay was well adapted as the site of a 
haven, which he proposed to form by two breakwaters laid down 
across the entrance of the river, from Tod Point, on the south, 
to Seaton Sands, on the north. Such a work, it was estimated, 
would involve an expenditure of near 600,000/. This was a sum 
the Board was not in a position to expend, however desirable 
the object might be, so the matter was shelved again until the 
terrific tempest which visited the coast in February, 1861, when 
no fewer than fifty or sixty vessels were wrecked within sight of 
the bay. The Conservancy again returned to the subject, and, 
in the course of their deliberations, it was shown that if scoria, 
or the refuse slag, from the blast Surnaces in the locality, was 
used in the construction of the proposed breakwater, the work 
might be carried out for at least one-sixth the estimated cost for 
one of stone. Here, then, the hitherto insurmountable obstacle, 
the enormous outlay, was, to a great extent, removed; and 
when the Public Works Loan Commissioners were applied to for 
assistance, they agreed to lend the Tees Commissioners 30,0002. 
to Nea them to undertake the accomplishment of the pro- 
ject. 

The plan of the breakwater was to construct a line of slag 
embankment, commencing at Tad Point, across the Bran Sand, 
to the checkered buoy, a distance of about 4300 yards. Then 
from the first black buoy over the North Care to Seaton Snook, 
a distance of 2000 yards, leaving an entrance of 600 yards in 
width into the river. The Commissioners set themselves 
earnestly to work, and the foundation stone of this gigantic 
undertaking was laid by I. Wilson, Esq., the Chairman of the 
Board, on the 8rd November, 1863. 

The Darlington and Stockton Times, in an account of this 
work, says: “Three engines and 530 bogies or waggons are 
continually in use, conveying the slag from the furnaces in the 
district. The work goes on day and night, and upwards of 
forty men are employed, and seven or eight horses. About 
26,000 tons of slag a month are tipped, or nearly 1000 tons a 
day, and during the twelve months ending in September last, 
272,196 tons were deposited in the breakwater. During the 
year ending in the month just named, the work advanced about 
600 feet. At the top the breakwater will be 65 feet wide, and 
































the height from the tip to the sand is 51 feet. As to the mode 
of construction, nothing can be simpler. The slag is moulded 
into immense blocks at the furnaces, and almost immediately is 
conveyed upon small waggons or bogies, as they are termed, to 
the breakwater, where they are simply tipped over the end of 
the embankment, and allowed to lie as “ fall, in the same 
way as earth is tipped on railway works. ‘This plan is the one 
adopted with so much success in the construction of the Cher- 
bourg and Plymouth breakwaters. But ponderous as are these 
three-ton blocks of slag, most of them get broken up, either 
whilst being tipped or through the violence of the gales. At 
some of the furnaces the men will get rid of ashes and other 
refuse by throwing it into the slag monlds, so that when the 
blocks are run the interior is filled with nothing but loose rub- 
bish, and consequently the blocks are smashed and broken up 
when tipped. ‘This nefarious practice is difficult to check; but 
everything the promoters of the work can do is done to insure 
the supply of sound solid slag. Then, again, during the preva- 
lence of heavy gales, these immense masses of slag are dashed 
about, and split up into fragments by the angry waves, as if 
venting their fury upon them for presuming to impede their pro- 
gress. It is no unusual thing for a violent gale to carry away a 
considerable quantity from the upper portion of the end of 
the wall; and what is thus displaced is either strewn along the 
side of the wall or carried out in advance. The violent storm 
which visited this coast in September displaced not less than 
150 feet of the embankment. But these displacements, instead 
of being at all injurious and a hindrance to the work, have the 
contrary effect, and indeed are really good helps to its progress ; 
for by the breaking into smaller portions of the huge blocks, the 
wall becomes more compact and solid, and its stability ensured. 
Upon our visit we were led to inquire whether the water had 
any chemical effect upon the slag in reducing it, but were in- 
formed it had not, and to fully satisfy ourselves we examined 
the older portions of the embankment, which have been exposed 
to the influence of the water for several years, and even where 
it was not covered with marine vegetation we found the angles 
of the slag blocks as acute as on the day they were tipped. To 
the ironmasters of the district the construction of the break- 
water of slag will be a real boon, as it affords them the means of 
ridding themselves of an otherwise useless material, and we 
were informed that the ironmasters, in order to get rid of this 
refuse, pay 2d. for every ton of iron they produce for the taking 
away of the slag; so that the projectors of the breakwater not 
only obtain their material for nothing, but actually get paid 2d. 
upon every ton of iron made for taking it. There are about 
1400 feet of this wall yet to be constructed, and from the ar- 
rangements the Commisioners have lately entered into it is likely 
the progress of the works will be greatly accelerated. The execu- 
tion of the work is contracted for, and until a few weeks a) 
the contract was held by Mr. John Coulson, of Redcar, but it is 
now let to Mr. Bouch, a large contractor with the Darlington 
Section of the North Eastern Railway.” 





New Russtan Line.—The Emperor of Russia has confirmed 
a concession to Sir Morton Peto, on behalf of Messrs. Peto, 
Betts, and Waring Brothers, of a railway, in prolongation of 
the one from Riga to Dunaboarg and Witebsk, from the latter 
place to Orel, a distance of 500 miles. This enterprise, it is 
said, will not come on the money-market of England, as the 
capital, which is about 64 millions (guaranteed by the Govern- 
ment at 5 per cent.), has already been subscribed by a combina- 
tion of bankers in Germany, formed by Messrs. Friihling and 
Géschen, and Bischoffsheim and Goldschmidt. Apart from the 
capital being guaranteed by the Russian Government, the line 
itself is represented to be probably the best commercial railway 
in the Empire, forming, as it will, the middle link of a 
continuous and direct chain of communication from the Baltic 
to the Volga, and traversing throughout the greater portion of 
its route the immense area of what is known as the “ Terre 





Noire” of Russia, which is considered among the most productive 
land iy Northern Europe. ° 





is about 393 metres, or nearly 1290 ft. The width of the lowest 
range of arches between faces is 16.07 ft., this width bein 
diminished in the upper tier of arches to 14.76 ft. The piers a 
the first range are at their bases 18.04 ft wide by 21.32 ft. thick 
in the line of the bridge, and they diminish upwards with a 
batter of 1 in 66, so that their thickness at the springing of the 
arches is 19.68 ft. The piers of the second tier of arch:s are 
15.91 ft. in breadth by 17.38 ft. in thickness, and those of the 
third range 14.76 ft. by 6.56 ft. The piers of the two lowest 
ranges are, as shown on the accompanying figures, furnished 
with counterforts, these having, from the base line to the spring- 
ing of the first arches, a batter of 1 in 12}. From that point to 
the springing of the second tier, the batter is 1 in 163, and for 
the remainder of their height it is 1 in 25. 

Above the haunches of the first row of arches a semicircular 
passage, 10.82 ft. span, has been left in order to lighten the 
structure, and a footway is formed over the first arcades, an open- 
ing 3.28 ft. wide, by 6.56 ft. high, being formed in each of the piers 
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IMPROVEMENT OF THE COTTON PLANT. 


Mayor Trevor CLARKE has addressed a lengthy communi- 
cation to the Secretary of the Cotton Supply Association, detailin 
the results of experiments which he has made in “crossing” severa 
varieties of cotton, with the view of improving thestaple. During 
the growth of the plant, and as the flowers blossom, the anthers 
burst, and the odiion is dispersed in a fine yellow dust. Says 
Major Clarke: ‘‘ The extremity of the column, or stigmatic sur- 
‘‘ face, at the same period becomes somewhat viscid, and retains 
“ tenaciously any of the pollen grains that may fall upon it. If 
“* impregnation has taken = the boll will now swell rapidly, 
‘¢ otherwise it will soon wither and drop off. In the case above 
“ described, the embryo fruit has been fertilised by its own pollen, 
“ furnished by the anthers attached to that individual flower, and 
“ may be called ‘in and in’ a in the strictest sense. But 
“« impregnation may also be effected by the pollen of another blos- 
“ som on the same plant, or of another blossom from another plant 
“ of the same variety, or of another variety, or even of another 
“‘ species, provided that the flower operated upon be deprived first 
“ of its own anthers, and upon this fact is founded the practice of 
“ cross-breeding and hybridisation. The former term being applied 
‘‘ to the union of closely allied sorts, the latter to that between 
“ distinct species. The produce of such union is a fruit or pod of 
“ seed, which being sown will give rise to a cross of plants inter- 
“mediate in character, and partaking of the qualities of both 
‘“ parents.” Major Clarke gives the results of a number of 
‘‘erosses” he has made in this way, the general result being an 
improvement in quality, by blending or combining the different 
onl characteristic qualities of the plants crossed. Thus, the 
length and fineness of Sea Island cotton was imparted in some 
considerable degree to the New Orleans plant, and in like manner 
with other varieties. 


Simece Meruop or Hoip- 
ING ARTICLES WHILE BEING 
DritLep.— The simple appa- 
ratus shown in the accompany- 
ing figure, affords a ready means 
for fixing on the drilling machine 
any light articles which it is re- 
quired should be drilled with ac- 
curacy. It consists merely of a 
conical point, furnished with a 
base by which it can be secured 
to the table of the drilling ma- 
chine, and placed so that it is 
concentric with the drill spindle. 
The article to be drilled is marked 
with a centre punch on each side, 
at the points where the hole is 
to commence and terminate, and 
is then placed between the coni- 
cal point just mentioned, andthe (/ 
point of the drill, as shown in 
the sketch. When the hole has 
been drilled partly through, the 
article seal be reversed, and the nole completed from the 
other side, so that the lower point may not be injured by the 
drill. Holes for the pins of hinges, and long holes through the 
various parts of brasswork, can be readily drilled in this manner, 
the method of holding insuring perfect accuracy. The article 
is prevented from turning round by a pin inserted in the table 
of the machine, in the usual way, and arranged so as to catch 
against any projecting of the object being drilled. 

AmerIcAN TuseE Works.—The works of Messrs. Morris, 
Tasker, and Co., of Philadelphia, now employ 1100 men, in 
making gas pipe, boiler tubes, petroleum well pipes, and “ fit- 
tings” for tubing and re The sales of this establishment are 
now 600,0002. yearly. ‘The engineer of the works, Mr. Robert 
Briggs, is now making a short stay in London. 
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CLEVELAND BLAST FURNACES. 


By the permission of Dr. Percy, and his publisher, Mr. John 
Murray, we engrave from the Doctor’s “ Metallurgy of Iron and 
Steel,” a section of one of the most successful blast furnaces in the 
Cleveland district, viz. one of the Clarence furnaces of Messrs. 
Bell Brothers, alluded to in an article in our last number. 


We also give a section taken from Mr. Beckton’s paper, read 
in 1864 at the Glasgow meeting of the Institution of Mechanical 
—— of one of the Acklam furnaces at Middlesborough, 
and built upon Mr. Beckton’s designs, and under his supervision. 
This section is engraved, however, to a much smaller scale. 
These three furnaces, just “ blown in,” are the largest in the 
Cleveland district, and probably the largest ever constructed. 
They are 22} ft. in diameter, and are 70ft. high from the 
bottom of the hearth to the top of the brickwork. They will 
hold each 1250 tons of materials, and are expected to turn out 
each 350 tons of iron per week. They are built upon piles, the 
ground covered by the Acklam Ironworks being, to a great 
extent, mud and silt. The angle of the boshes with the hori- 
zontal is 68°, or considerably steeper than is the case in the 
Clarence furnaces. Indeed, one of the Ormsby furnaces of 
Messrs. Cochrane, also at Middlesborough, has its boshes inclined 
75° from the horizontal. In the case of the Acklam furnaces, 
the brickwork around the boshes is covered with iron plates, and 
the upper brickwork of the barrel is encircled by hoops and 
T irons, 

Mr. Beckton, in his paper, stated that the larger Cleveland 
furnaces now make 1 ton of pig iron with 26 cwts. of Durham 
coke, instead of 35 ewts. as formerly employed, and that instead 
of the former rate of 1 ton of coal, to each ton of pigs run out, 
for boilers, blast stoves, and calcining kilns, only 10 cwts. of 
coal now suffice for these purposes. For each ton of iron made 
the charges now average as follows:—70 cwts. of Cleveland 
ironstone, 15 cwts. of limestone, and 26 ewts. of coke, in addi- 
tion to the 10 cwts. of coal just mentioned; in all, about 6 tons 
of materials are used for every ton of pigs run out. Mr. Beck- 
ton, in his paper, attributed the present economical rate of pro- 
duction to several causes. First, to increased efficiency of 
management, as compared with that of former years; second, 
the better adaptation of blowing engines and blast-heating stoves 
to the furnaces; third, to the use of good kilns, properly made, 
instead of the old open air clamps for calcining the ironstone ; 
fourth, the increase of the temperature of the blast from 600° 
or 700° to 800° or 900°, and finally to the use of the waste 
- for heating the boilers and blast stoves, instead of as was 

ormerly the case burning coal for this purpose. 

According to Mr. Neil Robson, the largest Scotch furnaces are 
16 ft. in diameter in the boshes, and 55h. high, yet these make 
from 230 to 270 tons of pigs per week, averaging 250 tons the 

ear round. At Cwm Celyn, South Wales, a furnace having 

hes 24 ft. in diameter, and a height of 59 ft. 6in., is in 
proasess. The full diameter of the boshes is only reached at a 
eight of 33 ft. 9in. from the hearth, which latter is 9 ft. in 
diameter at the bottom, increasing to a diameter of 15 ft. 4 in. 
at a height of 18 ft., the enlargement thence to 24 ft. being 
through a further height of 15 ft. 9in., above which the furnace 
is cylindrical for some distance, afterwards curving into a throat 
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of 14ft. The capacity of this farnace will be 16,560 cubic feet. 
We allude to it as the only furnace which, when completed, will 
exceed in size those lately blown in at Middlesborough. 
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THE RAILWAY OVER THE SEVERN. 


Ar the last meeting of the shareholders of the South Wales 
and Great Western Direct Railway, the chairman said that 
“ Sufficient time had not yet elapsed since the passing of the 
“ Act for any other than preliminary steps to be taken. Two 
“ opposition schemes had been proposed, but he believed the 
‘scheme for another high-level bridge across the River Severn 
“ would most probably fail on standing orders, and the other 
“ project, which was for an opening bridge, seemed a very ab- 
“ surd one, especially after the accident at Neath. He believed 
“that the works of the line would shortly be commenced.” It 
is upon this line that the great bridge over the Severn at Old- 
bury Sands is to be erected. If completed upon the plans 
already prepared by Mr. Fowler this bridge will have a length of 
nearly 24 miles, The Severn, at the point named, has a 
maximum rise and fall of tide of 40 ft., and is 30ft. deep at low 
water. The central span is to be 600 ft. in the clear, and 110ft. 
above high-water. This span will be built out, one half from 
each tower, two side spans of 265 ft. each being previously 
completed, and each half of the great span secured to one of 
these, and thence carried out as an enormous cantilever. The 
towers are to be formed each of four cast-iron columns, each 
20 ft. in diameter, placed 50 ft. apart between centres in the 
direction of the length of the bridge, so that the half spans of 
the great opening will have each a counterweight in the shape 
of a vast trussed girder 335 ft. long, to keep it up during 
construction, the men working in the air, from 110 to 150 ft. 
over the water with no support below the scaffolding. The 
bridge will be for a double ine. The great span and the two 
spans of 265 ft. each, including 140 ft. of trussing over the two 
towers, will contain 5100 tons of iron, or about 4 tons per foot 
run for a distance of 1270 ft. Besides these the bridge will 
have thirty spans of 150 ft. each, twenty-six of 120 ft., and 
twenty-seven of 90 ft. 








Drittinc TuBEPLATES.—When a number of similar tube- 
plates have to be drilled, the form of template shown by the 
accompanying figure will be found useful. The template in this 
case consists of an SS 
iron plate jor gin. 
thick, in which are 
drilled all the holes 
to be afterwards 
formed in the tube- 
plate. Into these 
holes is fitted a 
steel bush or nut, 
having through its 
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centre a hole in 
which a _ round- 


shanked drill can work. The template is placed in the proper 
position upon the tubeplate to & drilled, and secured by 
cramps. The steel bush is then placed in each hole succes- 
sively, and the holes in the tubeplate drilled through it by 
means of a rounded shanked drill, the drill being guided by 
the steel bush, as shown in the cut. The small hole made by 
the drill is afterwards enlarged by a boring bar and cutter in 
the usual way, the template being of course removed. 

Great Trunk Rattways.—A scheme which, with the 
encouragement of capitalists, is rapidly becoming a practicable 
plan, is being matured, and will soon be oe fore the 
public, for connecting London with all the great provincial 
towns, by a system of wide gauge passenger railways, with 








trains stopping only at intervals of from 50 to 100 miles. 





THE WHITEHALL CLUB. 


Amone the clubs of the metropolis, few, if any, will, 
by the end of the present year, number as many mem- 
bers of our own profession as the Whitehall. Its forma- 
tion was originally promoted by Messrs. Hargrove, 
Fowler and Blunt, solicitors, of Victoria-street, and a 
committee was formed, consisting of Sir Morton Peto, 
Mr. John Fowler, Mr. James A. Hallett, Mr. Brassey, 
Mr. McClean, Mr. Hemans, Mr. Waring, M.P., and 
other gentlemen, the three first named being the 
trustees. Although the general object of the Club was 
that of supplying much-needed accommodation to those 
engaged in Pacllamentery business, and in the Public 
Offices and Courts of Law at Westminster, the engineers 
have been perhaps most ready to avail themselves of 
the opportunity. Of more than 300 members already 
cual (the whole number is limited to 800) the larger 
proportion, we believe, are engineers. 

The building presents a noble fagade, in the Italian 
style, on Derby-street, the Jength being 79 ft., and it 
extends 47 ft. on Parliament-street, on which the eleva- 
tion will compare well with that of any club-house at 
the West-end. The whole of both fronts is of Portland 
stone, in many parts very richly carved, more especially 
over the entrance in Derby-street. The building rises 
90 ft. from the footings of the inner brickwork to the 
ridge of the roof, comprising basement, mezzanine 
principal floor, and three upper floors. The morning- 
room and coffee-room on the principal floor are each 
40 ft. by 24ft., and 16 ft. 6 in. high ; the smoking-room 
over the morning-roomn—both looking on Parliament- 
street—is also 40 ft. by 24 ft., and 15 ft. high, and the 
strangers’ dining-room, over the coffee-room, is 28 ft. 
6 in. by 24 ft. On the floor next above are the library, 
two good-sized billiard-rooms, offices &c., the upper floor 
being appropriated to the bed-rooms of the servants of 
the esta Sidenenh, The accommedation throughout 
is of the best character, in design and finish. The 
estimated cost of the huilding, which is to be completed 
and opened early in the ensuing session of Parliament, 
is 25,000/. Messrs. Lucas Brothers are the contractors. 
The carved stone work is by Mr. Tolmé, and the ceiling 
decorations by Messrs. Jackson and Son. The Secreta 
of the Committee of the Whitehall Club is Mr. E. W. 
Hill, temporary offices, 14, Great George-street, West- 
minster, to whom gentlemen desirous of joining should 
make application. 

The Club-house was designed by the late Mr. C. O. 
Parnell, the architect of the Army and Navy Club, and 
whose son, Mr. C. Jocelyn Parnell, has been appointed 
to carry out his father’s designs. 








THE NEW CITY GAS SCHEME. 


In the coming session of Parliament, a bill will be 
promoted by the Corporation of the City of London, 
for the supply of cheaper and better gas to the City. 
Instead of 12-candle gas at 4s. or 4s. 6d. per thousand 
feet, 18-candle gas is to be supplied at 3s. New works, 
estimated to cost 425,000/. only, or much less than one 
half of the capital employed in the works now supply- 
ing gas to the City alone, are to be established on the 
Thames six miles below London-bridge. The City, of 
course, forms but a comparatively small portion of the 
metropolis, if we consider only its extent and resident 
population. It is comprised within 620 acres, or less 
than one square mile, and although nearly a million 
souls are crowded into it daily, perhaps less than one- 
twentieth of that number reside permanently within its 
limits. At present it is supplied with gas from the 
City of London Gas Company’s works at the foot of 
Dorset-street, from the Great Central Company’s works 
on Bow-common, and from the Brick-lane and Curtain- 
road works of the Chartered Company. From what we 
know of the production of these works, we should say 
that not far from two million thousand feet of gas are 
burnt yearly in the City, but the consumption is very 
irregular, often reaching, we believe, nine million or 
more feet, daily. We presume that works intended 
for the entire supply of the City, would not have less 
than 2500 mouthpieces, or half as many long retorts. 

The great saving which those who are promoting the 
Corporation bill anticipate, is in the profit and interest 
charges on the gas supplied. The present dividends on 
shares and interest } 2 sa of the metropolitan com- 
panies amount to about 1s. 6d. per thousand feet upon 
all the gas burnt by consumers. Now, if the Corpora- 
tion can sell two million thousand feet of gas yearly, 
from works costing but 425,000/., and as they can 
easily raise this, or almost any other sum at 5 per cent., 
the terest charge would be Sut 2.55d., or say 24d. per 
thousand, making aclear saving off present prices, even 
with no change in the manufacture, of nearly 1s. 4d. per 



















































































28 


ENGINEERING. 


[JAN. 12, 1866. 





thousand. This is really the turning-point in the whole 
case. But who that has had to do with the construction 
of gasworks will believe that works with 2500 mouth- 
pieces—and a less number could hardly answer—can be 
set up six miles away, and completed in all respects with 
mains, &e., for 425,000/.? Almost the lowest estimate for 
a gasworksof any magnitude is 130/. per mouthpiece, and 
the cost is often twice as much, irrespective of mains. 
Even at, say 1502. per mouthpiece, we have 375,000/., 
and when this is expended, the means of distribution 
are yet to be supplied. Of course there is no existing 
company in the metropolis whose works average less 
than 400/. per mouthpiece, while in many cases the 
cost has been nearer 6001. We do not believe that 
works down the river could be set up as proposed for 
less than twice the estimated cost. At 850,000/. the 
interest charge would be, say 5d. on each thousand feet 
of gas, leaving an apparent saving of more than one 
shilling off present prices. 

But the existing companies will not die quietly. 
They must be bought off, for they have committed no 
sin whereupon Parliament could justly put them out 
of existence. It may be the hope of the promoters of 
the new bill that by raising the cry of “ free trade in 
gas” an unrestricted competition may be permitted. 
We shall not discuss the policy of such a course, for 
our journal is not the proper medium for its discussion. 
We can only say that there is a great deal to be said 
on both sides, but that, should Parliament, as it has 
generally done, recognise vested interests, in this case, 
then something like a million must be added to the 
enlarged estimate already considered. As we have 
already said the whole case is one of capital and 
interest. If the Corporation’can distance private en- 
terprise, by working upon a smaller amount of capital, 
bearing a lower rate of profit or interest, then, no 
doubt, gas can be supplied at a much cheaper price. 
For as to manufacture, the existing companies can 
make gas as cheaply as any works which the Corpora- 
tion might establish. No recent discovery of special 
importance has been made in the manufacture of gas, 
ont if there had been, the companies, equally with the 
Corporation, would be free to avail themselves of it. 
Every company in the metropolis has long ago adopted 
clay retorts, and some of them are realising 60/., 65/., 
and even 74/., upon every 100/. paid for coals, from 
the sale of residual products. 


What, more than this, 
can the proposed works perform? If the new works 
are to make 18-candle gas, it can only be from Cannel 
coal or Boghead, the Fetter now worth, say 60s. per 
ton, and neither Cannel nor Boghead leave saleable 
coke. Good Newcastle gas coal will make 14-candle 
gas, but not much above 9000 ft. per ton can be had 
with this quality, and anything beyond must be ob- 
tained from the admixture of richer coals or shales. 
Strictly, there is little ifany “ Cannel” gas made in the 
metropolis ; the Western Company’s gas, all of which 
has been sold at 6s., being a mxture of gases collected 
from different benches of retorts, worked respectively 
with Newcastle coal and Boghead. Thus, for every 
seventy retorts carbonising Pelton or Haswell’s, thirty 
others are worked with Boghead, the respective gases 
mixing in the hydraulic main. Boghead will make 
even 50-candle gas, but who can burn such gas, or 20- 
candle gas either, without smoke? Mixed with com- 
mon coal gas to 18-candle standard, the average price 
of coals, of both qualities carbonised, would hardly 
fall short of 26s. per ton, and the saleable coke comes 
from but seven-tenths of the whole weight of coals 
carbonised, and of this coke a great proportion must 
be reserved for, and consume mad ay the retorts 
working Boghead. We believe that the new works, if 
they are once started, will only sell really good gas at 3s. 
at a profit barely sufficient to pay interest. Still the pro- 
moters have much to encourage them. Many of the gas 
companies in and near London reckon the cost of their 
gas, measured, not upon the gross —_ including 
leakage, but upon the quantity paid for by consumers, 
at from 1s, 9d. to ls. 1ld. per thousand. Take the 
Great Western Railway Gasworks at Wormwood 
Scrubs, and supplying the whole cf the Paddington 
terminus. The Company have built the works, laid 
down the mains, and, with everything ready for action, 
let the making of the gas to contractors, who pay 
for all materials, and turn the purified gas into the 
mains at 2s. wir per thousand, and of this we believe 
it has been publicly stated that only 1s. 74d. was cost, 
while 1s 3d. remained as profit. But here the Great 
Western Railway Company—and they have borne a 
good deal—bore the interest upon the cost of the 
works, took upon themselves the whole loss by leakage, 
and the whole cost of distribution, and were content to 
forego all profit whatever, other than that they ob- 


tained their gas, possibly, a little cheaper than from the 


gas companies—although we are not quite sure of 
thi 


We can only conclude by again saying, that if the 
Corporation can supply the whole City of London with 
gas from complete works costing but 425,000/. and if 
they can (as we are sure they can) obtain this capital 
at 5 per cent. interest, then, no doubt, can be sold 
at a profit at 3s. per thousand. But whether this gas 
will be of the 12-candle or 18-candle standard of illu- 
minating power, we are not so sure. We believe that 
the 18-candle part of the programme is intended only 
to tickle the taxpayers, especially those whose chronic 
complaint is “ bad gas.” 








MR. FOWLER’S INAUGURAL ADDRESS. 

Tue following is a slightly abridged abstract of the 
address delivered by John Fowler, Esq., President of 
the Institution of Civil Engineers, on his taking the 
chair for the first time after his election, January 9th, 
1866. In laying this before our readers we are pleased 
to notice that the opinions which Mr. Fowler has ex- 
pressed concerning the present and future scope of our 
profession, are similar to those which were inde- 
pendently advanced by ourselves in the first article of 
the last number of this journal. 


On assuming the chair of this institution as its president, 
and undertaking for the first time its duties and responsi- 
bilities, allow me to assure you that I feel a the honour 
you have conferred upon me by electing me to this, the highest 
position to which the civil engineer can aspire; and that I 
feel still more ary the weight of the duties which are in- 
separable from the honour. | will also venture earnestly to 
request you to extend to me your indulgence during my period 
of office, and afford me your kind co-operation in any efforts I 
may make for the advancement of our profession, or for increas- 
ing the usefulness of this institution. I ask this assistance 
from you with peculiar anxiety, because I cannot but feel that 
the present is a period of unusual importance to this society, and 
that the — a prominence of the profession demands 
at our hands a corresponding care for its efficiency and dignity. 
The high degree of material prosperity which this country and 
its dependencies have now wroetly enjoyed for a considerable 
time, has naturally led to great activity in our profession; and 
probably at no former period have the skill and enterprise of 
— been so severely taxed as during the last few years ; 
and as civilisation continues to advance, and labour to require 
increased assistance from mechanical contrivances, the con- 
nexion of civil engineering with social progress will become more 
and more intimate. I —_ I uae 40 allowed to say, with a 
deep feeling of professional pride, that hitherto the inventive 
genius, the patient perseverance, and indomitable energy of the 
members of our profession have not been found unequal to the 
tasks they have been called upon to perform; and although I 
have full confidence in the future, I venture to suggest that the 
present is a fitting moment for considering the means by which 
our younger brethren may be best prepared for the arduous 
duties, and growing difficulties, which they will undoubtedly 
have to encounter in their professional career. It is not merel 
that works of magnitude and novelty are increasing, and will 
continue to increase, but it is becoming apparent that we shall 
have to meet the competition of foreign engineers in many parts 
of the world; and that great efforts are now being made, not 
only by careful scholastic education, but by more attention to 
practice on works, to render the civil engineers of France, Ger- 
many, and America, formidable rivals to the engineers of this 
country. Here it has always been found that friendly and 
honourable rivalry among members of the profession has been on 
the whole beneficial to science and to engineering progress, and 
we cannot doubt that the same result will follow the more ex- 
tended rivalry which we shall have now to meet from the engi- 
neers of every nation. At the same time this consideration renders 
it our especial duty to take care, that the distinguished and lead- 
ing position which has been so well maintained by our great 

redecessors, shall not be lowered by those who come after them. 

he whole field of discussion and description of the past has been 
so completely and so ably occupied by my predecessors in this 
chair, that I shall not attempt to travel over the same ground ; 
but I propose to deal almost exclusively with the future, and 
endeavour, although I possess no peculiar personal fitness for the 
task, to suggest some of the means by which the younger 
members and the rising generation may best pre themselves 
for the duties which that future will bring with it I may first 
briefly notice, and for the purpose of illustration and intro- 
duction, a few of the great engineering problems of remarkable 
boldness and novelty which are now presenting themselves for 
the supply of future wants and convenience of mankind: 
amongst them may be enumerated the Suez Canal; the tunnel 
through, and the railway over, Mont Cenis ; railway bridges 
over and under great rivers and estuaries; new ferry works of 
unusual magnitude; vast warehouses and river approaches for 
commercial cities like Liverpool; railways under, over, and 
through great «ities; long lines of land and ocean telegraphs; 
and comprehersive schemes of water supply, drainage, and 
sewerage. All these works present problems of great interest, 
and it will require cultivated intelligence, patient investigation, 
and —— experience, to accomplish the task of their satis- 
factory solution. For the Suez Canal we must be content to wait 
a few years before the work be so far advanced as to enable us to 
judge of the effects of the physical and moral obstacles which to 
some experienced minds have appeared all but insuperable. The 
Mont Cenis Tunnel, and the temporary railway being constructed 
over its summit, will continue to be watched with interest by all 
engineers, and it may yet be a question how far the mode of 
traction which has been adopted for the temporary railway will 
prove to be the best. The modified locomotive has no doubt, 
with the aid of a central rail, succeeded in surmounting gradients 
which have hitherto been considered to be more severe than com- 








patible with the economical use of the locomotive engine; but 
further experience is stil] required, and the results of the trial 
will be watched with great interest, because it cannot be doubted 
that conditions will continue to present themselves to which the 
ordinary locomotive engine cannot conveniently be applied. In 
many of the proposed and future designs of bridges over or under 
great rivers and estuaries, no novelty in the principles of con- 
struction may probably be required ; but in other cases the mere 
magnitude alone will demand new arrangements and combina- 
tions, and may possibly also suggest the use of steel, for parts 
or the whole of the structure. The decks and warehouses of our 
great commercial cities are rapidly advancing in importance, and 
are constantly demanding increased facilities to enable them to 
meet the exigencies of trade; and for this purpose every possible 
resource of steam machinery, and hydraulic and pneumatic 
mechanism, will have to be taxed to obtain convenient and ade- 
quate power and expedition. The new scheme of river approaches 
at Liverpool is one of the most remarkable proposals of modern 
times for its boldness in grappling with the difficulties and neces- 
sities of a pressing want, a the complete solution of a difficult 
problem. It is understood that the engineer of the Mersey board, 
who has designed this great work, is preparing a model on a large 
scale, which I have no doubt will be brought before the Institution. 
The railways under, over, and through great cities are amongst 
the most striking results engendered by the necessities of rapidly 
increasing and closely crowded population, and may be regarded 
as one of the most useful economical developments which engi- 
neering has supplied to satisfy the requirements of modern civili- 
sation. The engineering problems they present are infinite in 
their number, and interestingly intricate in their character. 
Ocean telegraphy is yet in its infancy, but enough has been done 
by the numerous lines already laid, and by demonstration before 
this Institution, to prove that further experience alone is want- 
ing to enable deep or shallow sea cables to be successfully laid 
and maintained wherever they may be required; and probably 
in no branch of our profession is the future of greater interest 
than in the coming telegraphic connexion of every part of the 
world by sea and land, and in the political, commercial, and social 
results which must follow such a remarkable increase in the 
facility of general intercommunication. The rapid growth of com- 
munities to which I have already alluded has also developed the 
necessity of provision being made for a more abundant supply of 
pure water, and for a more complete system of sewerage than 
is now generally possessed by our towns and cities ; some of these 
works are already being carried out, or seriously contemplated, 
on a scale of almost startling, but not unnecessary, magnitude. 
It is plain, therefore, that in every department of civil engineer- 
ing the wants of commerce and society are pressing more and 
more urgently upon the resources of our profession. We have 
ship canals, but the Suez Canal throws them all into the shade. 
We have long tunnels aay our English mountains, but we 
have now to penetrate the Alps. We have large bridges, but 
larger are required. We have noble ports, but they are choked 
with trade, and new accommodation of an improved kind is 
called for. We have steam ferries across rivers, estuaries, and 
straits, and rapid ocean steamers, but higher speed and better 
accommodation are demanded. We have large warehouses with 
convenient mechanical appliances, but larger warehouses and 
better mechanical appliances have become a necessity. We have 
many thousands of miles of telegraphic communication, but 
nothing short of its universal extension will suffice. In the solu- 
tion of these problems, thus rapidly indicated, and in others 
which could be easily adduced, we may rest perfectly satisfied 
that the difficulties they present are not to be overcome by a 
stroke of genius or by a sudden happy thought, but they must 
be worked out patiently by the combination of true engineering 
principles, ripe experience, and sound judgment. Having thus 
called your attention to the peculiar position of our profession in 
consequence of its rapid growth, and pointed out some of the 
problems which await an early solution, I shall now attempt to 
describe the nature of the functions of the modern civil engi- 
neer, and consider how the coming generation can be best pre- 
pared for its inevitable work, and to what extent this Institution 
can be made ancillary to that purpose. Although we know from 
history that men have existed from the earliest times who have 
been distinguished by great mechanical capacity, remarkable 
skill in working materials, profound science, and constructive 
knowledge, yet it is only during the — century that civil 
engineering can be considered to have become a distinct and re- 
cognised profession. Now, however, it has assumed the position 
of an art of the highest order. Perhaps we may without arro- 
gance be entitled to claim for it the title of a true science. Many 
attempts have been made to define and describe a civil engineer 
in a few general words, but all such attempts have been more or 
less unsatisfactory. Still, though it is difficult, if not impossible, 
to describe an engineer by a short definition, it is not so difficult 
to enumerate and describe the nature of the works he is required 
to design and execute, and the professional duties he is called 
upon to perform. He has to design and prepare drawings, speci- 
fications, and estimates, and to superintend the carrying out of 
works which may be thus enumerated:—1. Railways, roads, 
Canals, rivers, and all modes of inland communication ; 2. Water 
supply: gasworks, sewerage, and all other works relating to the 
health and convenience of towns and cities; 3. The reclamation, 
drainage, and irrigation of large tracts of country ; 4. Harbours 
of refuge and of commerce, docks, piers, and other branches of 
hydraulic engineering; 5. Works connected with large mines, 
quarries, ironworks, and other branches of mineral engineering ; 
6. Works on a large scale connected with steam cognen, with 
machinery, shipbuilding, and mechanical engineering. This list, 
which might be almost indefinitely extended, involves a vast 
variety of work, and must appear almost appalling to a young en- 
gineer, and yet it greatly concerns his future success that he 
should, as far as possible, be prepared to undertake any or 
all of the works embraced in the list. I believe the per- 
sonal history of most of us would show that circumstances 
have led us in a widely different direction in the exercise 
of our profession from that which we originally contem- 
plated, and that the success of many men may be dis- 
tinetly traced to their ability to avail themselves of un- 
foreseen opportunities to advance in some new direction. 
The civil engineer must therefore be prepared for the various 
classes of constructive works thus enumerated; but in addition 
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to this professional preparation it is of the first importance as 
affecting his true position, and the confidence which ought to be 
reposed in him, it is essential that he should also have a correct 
appreciation of the objects of each work contemplated, as well 
as their true value, so that sound advice may be given as to the 
best means of attaining them; and he must be prepared, if 
necessary, to advise his employers that the objects which are 
sought are not commercially worth the cost of the means which 
would secure them. It is not the business of an engineer to 
build a fine bridge or to construct a magnificent engineering work 
for the purpose of displaying his professional attainments, but 
whatever the temptation may be, his duty is to accomplish the 
end and aim of his employers by such works and such means as 
are on the whole the best and most economically adapted for the 
purpose, at the smallest possible cost having reference to future 
maintenance, and ultimate permanence. I will now proceed to 
the question of the kind and degree of knowledge which is required 
to enable a young engineer to proceed to the actual design of a 
= work of importance, such as a railway with its stone, 

rick, and iron structures, its earthworks, and its all-important 
permanent way, a railway station, a station roof, docks and 
their appliances, waterworks, breakwaters, or a Great Eastern 
steam ship. Although it has become the practice in modern 
times for many civil engineers to be employed chiefly, or almost 
entirely, in some one branch of the profession, I desire to 
repeat ny conviction that it is most important that the early 
preparation and subsequent study should be as extensive as 
possible, and should embrace every branch of professional 
practice, not only for the purpose of securing to a young 
engineer more numerous opportunities for his advancement, 
but also because sound engineering knowledge and experience 
in all branches will greatly add to his efficiency and value 
in any special branch, in the same manner that a medical 
man will be more reliable in his practice on the eye and the ear 
if he possesses a sound practical and theoretical knowledge of 
every part of the human frame. All classes of the profession, 
but especially the railway, the dock and harbour, and the water- 
works engineer, must possess a knowledge of parliamentary pro- 
ceedings, so as to be able to avoid all non-compliances with the 
standing orders of Parliament. This, it is true, is no easy 
matter, as the clauses are often drawn up with so little care and 
practical knowledge that neither engineers nor solicitors, nor the 
most experienced parliamentary agents, can understand what is 
intended. On the subject of parliamentary proceedings gene- 
rally, it may be taken for granted that alt committees desire to 
do justice to the cases which are brought before them, and that 
if they sometimes fail in their decisions, either as regards the in- 
terests of the public, or in arranging a fair settlement between 
antagonistic interests, it is not unfrequently due to the imperfect 
and crude manner in which cases are presented to them; and I 
would impress on all young engineers the importance, both to 
themselves and to their clients, of laying their cases before com- 
miteees in the most perfect manner possible, by full and correct 
information, cmebally prepared and clearly worked out. The 
professional knowledge required by the railway engineer com- 
mences with surveying of all kinds, the use of the theodolite, the 
aneroid barometer, the level, the sextant, &c., and includes 
surveys for preliminary and parliamentary purposes; and also 
working surveys of minute accuracy, on a large scale, from 
which engineering works may be set out with precision upon the 
ground. The railway engineer must understand thoroughly the 
nature of earthwork of every kind, and the proper angles or slopes 
to be adopted for cuttings and embankments. He must have the 
requisite qualifications to enable him to design bridges, viaducts, 
tunnels, and all other works and buildings in the best and most 
economical manner. He must have a knowledge of the training 
of rivers, and the effect of floods and drainage, to enable him to 
make accurate provision for the discharge of water, without 
waste of money by large works unnecessarily, or the risk of 
damage from works which are insufficient. He must be familiar 
with the various characters of permanent way, the best descrip- 
tion of rail, sleeper, fastenings, and ballast, and with the diffe- 
rent descriptions of -gurt crossings, turntables, signals, and tele- 
graphs. In the matter of permanent way, it is somewhat re- 
markable that, with all our experience, there should still remain 
a doubt amongst engineers as to the best kind to be adopted even 
under similar circumstances. For, although continental engi- 
neers have almost without exception adopted the flat-bottomed 
or “ Vignoles” form of rail, the X form of rail with equal top and 
bottom webs, and cast-iron chairs and wooden keys is still 
largely used in this country. A collection of facts with respect 
to the different descriptions of permanent way in use in this and 
other countries, with a view to arriving at a comparison of the 
advantages and disadvantages of each, would form a most inte- 
resting and important paper for the Institution, especially if it 
embraced all the recent experiments with reference to the use of 
steel rails. The railway engineer should not be destitute of 
some knowledge of architecture and such a taste for those grace- 
ful outlines and simple appropriate details, which should always 
characterise the works of an engineer, avoiding, on the one hand, 
the unnatural ornamentation which seems to have no connexion 
with the structure, and, on the other hand, a disregard of either 
form, outline, or proportion. But all such knowledge may fail if 
there be not constant supervision and control over the quality of 
ail the materials and the workmanship employed upon the rail- 
way; and it is not too much to say that without the practical 
knowledge, which is onty obtainable by having first performed 
the duties of resident engineer, it is hopeless to expect that any 
engineer can be competent to undertake the responsibility of 
important works, or be fit to have large sums of money en- 
trusted to him for expenditure. It is in the capacity of resident 
engineer that all previous preparations, both scholastic and pro- 
fessional, and ail theoretical acquirements, become utilised and 
rendered of practical value; and it is only after much experience 
on different works of varied character, dimensions, and materials, 
that a young student of engineering can claim to take rank as a 
“ civil engineer.” The dock and harbour engineer requires the 
general and much of the special knowledge of the railway en- 
gineer, such as that which belongs to railways and tramways, 
and warehouses for goods; and to this he must add a vast 
amount of other special knowledge not required by the railway 
engineer. He must understand the laws which govern the ebb 
and flow of the tides, the rise and fall and time of high and low 








water, and he must have a knowledge of marine surveying, orjthe 
best means of ascertaining the set and speed of currents, and their 
tendency to increase depth of water by scour, or to diminish it 
by silting; he must also know what kind and extent of entrance 
accommodation to provide, whether the general plan should com- 
ptise only a simple lock, or be comblend 4 with a half-tide basin; 
whether single or double gates should be used; and whether it 
would be necessary to have a tidal basin or a recessed space, or 
both. The nature of the trade to be accommodated in the proposed 
docks must also be carefully ascertained, in order to provide a 
proper proportion of quay space and water space, and proper 
width of quays, warehouses foe bonding or for goods to be de- 
posited, sheds for temporary protection, entrance for barges into 
warehouses from the docks, graving docks and workshops, with 
mechanical appliances for gates, sluices and pumping, and for 
shipping or discharging minerals or goods. He may have to deal 
with solid foundation and enjoy a facility of procuring suitable 
materials for construction, as at Liverpool; or he may have the 
bad foundations of Hull and other places, where alluvial silt of 
great depth has accumulated. It may be that good sound stone 
is too costly for the mass of his work, and that he must resort 
to brickwork, or rubble stonework, or concrete, or to a combina- 
tion of all three; but in determining such questions it is impos- 
sible that anything but previous habits of careful investigation 
and experience will enable an engineer to arrive at the best 
decision. For it is not enough that his work should be solid, 
permanent, and safe, but it should be rendered so at the smallest 
possible cost. The dock and harbour engineer is also required 
to report upon, and to construct, harbours of refuge, piers, 
landing-stages, lighthouses, forts, canals and their appliances, 
river improvements, and many other hydraulic works ; and, in 
short, of this branch of engineering it may be truly said that 
questions are continually arising which require special study and 
mechanical invention to a greater extent than in almost any 
other branch of the profession. Harbours of refuge, being large 
and costly works, are necessarily few in number, end they are 
so slow in progress, and have generally been so often changed 
from their original object and design, that few engineering works 
have given less satisfaction either to the profession or to the 
public; but we may hope, in the future, that if governments 
will accurately appreciate the objects they desire to obtain, and 
boldly grapple with the difficulties and cost of a well-matured 
design, better and more useful works may yet be accomplished. 
The waterworks and drainage engineer must possess many of 
the qualifications of the railway and dock engineer, and especially 
those which concern earthwork and masonry: he must also be 
familiar with the means of obtaining information on the subject 
of rainfall in different localities, the methods of correctly gauging 
streams of every kind; the proportions of the rainfall available 
for his purposes after estimating for evaporation and waste, and 
the extent of the provision to be made for periods of dry weather, 
or for compensation to mill owners and other interested parties. 
He must be conversant with the proper mode of executing the 
works of reservoirs, conduits, weirs, tunnels, and aqueducts. He 
must understand, by the aid of the chemist and his own ex- 
perience, the nature of the impurities in water, and the best 
mode of diminishing them, whether mechanically, by subsidence 
and filtration, or otherwise. To the waterworks engineer we 
must look for the solution of one of the great problems which 
the rapid increase of population is now forcing upon us: viz. a 
comprehensive system of conservancy of the flood waters of 
mountainous localities for the use of large cities and towns, and 
densely populated districts. We are completely outgrowing our 
present arrangements for water supply in the great majority of 
instances; and the convenience, comfort, and health of the 
public demand that such works when required shall be no longer 
postponed. The initiative has been taken as to the question of 
a new source of water supply for London, in a pamphlet by a 
well-known authority in this branch of engineering, and sooner 
or later the subject must command public attention. The water- 
works engineer must also be competent to design and super- 
intend works of sewerage, as well as the water supply, of large 
and small towns and localities; and his familiarity with water- 
works will naturally aid him in this, as the problems for the 
discharge and pressure of fluids are identical in both cases. The 
great sewerage works of London are now far advanced, and 
have already produced beneficial results ; the attention of other 
still neglected cities and towns has recently been called to this 
important subject by the loud and startling voice of a threatened 
return of cholera, and it is to be hoped that the proper authorities 
will perform their duty promptly and efficiently in this matter, 
but I cannot here refrain from calling attention to a gigantic 
evil which has been created by certain drainage and sewerage 
works already executed, and where the convenience and comfort 
of one set of people have been obtained by the infliction of a 
nuisance upon others: I allude to the discharge of collected 
sewage, without any attempt at purification or deodorisation 
into streams of pure water. It is remarkable that an injustice 
so great, and an evil so intolerable, should in any case have been 
permitted by Parliament, or by the general law of the land; 
but now that public attention has been fairly directed to the 
subject, that as soon as possible a remedy will be applied to the 
cases where mischief has already been done, and that care 
will be taken to prevent its recurrence. It is no longer a 
matter of doubt that deodorisation or purification is quite 
practicable in every locality, and therefore no sewage should 
ever be permitted to be discharged into existing streams 
without this purification, or it should be carried out to the sea, 
and there discharged, as is now proposed for the north side of 
London. The mechanical engineer deals with the most varied 
and numerous subjects of all the branches of engineering. They 
require that he should thoroughly understand the means of pro- 
ducing mechanical power, and of applying it to all the infinite 
variety of purposes for which it is now demanded. To this end 
he should be master of the laws of motion and rest, of power and 
speed, of heat and cold, of liquids and gases. He must be 
familiar with the strength of materials under every variety of 
strain, the proper proportions of parts, and the friction of 
surfaces. He must apply existing tools and contrive new ones 
for his work, and know how to direct power in the raising of 
weights, or for driving all fixed machinery, or in producing 
locomotion on land or water. On railways he is responsible for 
the vast number of objects required in the machinery of erecting 





and repairing shops for the engines and carriages, for the pump- 
ing and other fixed engines, and especially for the locomotive 
engine itself, and for rolling and fixed plant generally. In con- 
nexion with docks, he is required to design the machinery for 
opening and closing the doc tes, eorking sluices, emptying 
graving docks, or for working the cranes on the quays, or in the 
sheds and warehouses. The mechanical engineer generally also 
executes the designs of the gas engineer, even when he does not 
originate the work which is entrusted to him; and in this branch 
considerable chemical knowledge must be added to his mechanical 
qualifications. For waterworks he designs and executes pumping 
engines, sluices, valves, stopcocks. In the case of mines he sup- 
plies designs of the engines for pumping, drawing, winding, or 
ventilating ; for locomotives above and below ground, as well as 
for the various mechanical appliances required in_ collieries, 
mines, and ironworks. ‘The adoption of the telegraph has been 
so astonishingly rapid and extensive, both by sea and land, and 
the purposes to which it has been applied so important, that a 
considerable body of able and accomplished engineers have de- 
voted themselves almost exclusively to the subject for the last 
few years, and have already created a new branch of the pro- 
fession, called telegraphic engineering; but to be an accomplished 
telegraph engineer, it is necessary first to be a good mechanical 
engineer, and then to add the special knowledge of the electrician, 
and therefore I include them under the head of mechanical 
engineers. I think it may fairly be traced to the distinguished 
ability of that class of mechanical engineers who have devoted 
themselves to telegraphic engineering, that already so much has 
been done in telegraphy. Certainly no discussions have been 
more ably sustained in this Institution than those upon this 
subject. Allied with the mechanical engineer is the naval 
architect, and only a mechanical engineer could have constructed 
the vast steam ships of modern days. The ordinary timber 
shipbuilder of old would have been literally “at sea” in the 
construction of modern vessels, wherein the material is iron, and 
whien the size of the vessel requires scientific knowledge of form 
and resistance, of strains and of strength, und when steam is the 
motive power. The demand for large and swift vessels for 
ferries, for long voyages, for floating batteries, and for iron-clad 
sea-going vessels, has of late been so great that the construction 
of steam vessels has become a distinct branch of engineering, 
under the name of naval architecture. The mining engineer 
must possess much of the knowledge of the railway and the 
mechanical engineer, and he must add to that general knowledge 
much special knowledge of his own. He must know how to sink 
shafts to the minerals if they require to be extracted from 
beneath the surface (which is usually the case), and how to 
divert or pump out the water he meets with either in the shafts 
or the workings. He must know how to excavate and bring to 
the surface minerals, whether they be coal, copper, tin, lead, or 
iron, and to do this he must construct subterranean railways, 
provide means of ventilation by fans or furnaces, supply power 
to lift the extracted mineral to the surface; and «“hen brought 
there, he must understand the further requisite work, as the 
coal will probably require screening, or washing, or manufac- 
turing into coke, and the ore will require crushing, washing, or 
smelting, or possibly all three operations. In all these cases, 
and many others, such as the collection of surface ironstone and 
other minerals, by railways and locomotive engines, and the 
working of lifts and inclined planes, the mining engineer has 
most important functions to perform, and special machinery to 
adapt or invent, and relying on his judgment and skill alone, 
the investment of large sums of money for the development of 
the mineral wealth of this country is annually made. I must 
not altogether omit a passing reference to the scientific talent 
which of late years has been devoted to artillery—its weapons of 
attack and works of defence; and I think we may fairly claim that 
it is mainly due to some of the able members of this Institu- 
tion that chis art has been placed on a new and vastly im- 

roved basis, and that as a consequence a new branch of the pro- 
ession has been actually created—artillery engineering. Hawag 
now enumerated in some detail the various descriptions of work 
which engineers are called upon to carry out, I will next proceed 
to point out the kind of preparation: whieh, in my opinion, is 
requisite to enable them to perform their work in a proper 
manner. I am aware of the difficulty of the task, and of the 
wide difference of opinion which exists on the subject, but I feel 
unable to résist the opportunity of bringing this question under 
the consideration of the Institution, because I feel convinced that 
at no period in the history of the profession has it been so 
important as at the present time, Those who may not be disposed 
to coincide in my views may at least be led by the description of 
them to throw new light on a subject which is of vital conse- 
quence. We of the passing generation have had to acquire our 
professional knowledge as we best could, often not until it was 
wanted for immediate use, generally in haste and precariously, 
and merely to fulfil the purpose of the hour, and therefore it is 
that we earnestly desire for the rising generation those better 
opportunities and that more systematic training for which in our 
time no provision has been made, because it was not then so 
imperatively required. The preparation and training for the 
civil engineer may be shortly described as follows:—1. General 
instruction, or a liberal education; 2. Special education as a 
Yo for technicai knowledge; 3. ‘Technical knowledge ; 
4. Preparation for conducting practical works. All this prepa- 
ration and training will have to be acquired at some time or 
other, and in some order or other, and it is known that in the 
cases of some successful persons of great perseverance, they have 
been acquired in a very remarkable order; but at the present 
time, and with all our modern opportunities, there is no reason 
why they should not be learned in the most convenient and 
methodical manner. I will begin by supposing a boy of fourteen, 
in whom his parents have discovered a mechanical bias, who has 
made good progress in his general education, and especially in 
arithmetic, is of strong coastitution, and possessed of considerable 
energy and perseverance; and unless a boy possesses these 
tendencies and qualifications, it is quite useless to destine him 
for an engineer. Taking the boy of fourteen, however, who 
possesses the retuisite qualifications, and with a determination 
on his own and his nts’ that he shall be made an 
engineer, the period from fourteen to eighteen should be devoted 
to the special education required A engineer, during which 
mathematics, natural philosophy, land surveying and levelling 
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drawing, chemistry, mineralogy, geology, strength ot materials, 
mec motions, and the principles of hydraulics should be 
thoroughly mastered. To accomplish these studies, and, in 
addition, to make considerable progress in the living languages, 
French and German especially, it will be necessary to sacrifice 
to some small extent his classical studies and pure mathematics ; 
and it is, in fact, the — omission of these studies, and the 
prominence of those I have enumerated, which constitutes a 

‘special education.” If from fourteen to eighteen the boy has 
made all the progress in these studies which can be reasonably 
expected from fair abilities and more than average perseverance, 
the next step is of great importance, and is one respecting which 
some difference of opinion will exist. At eighteen a boy, if duly 
prepared, may either be at once placed in the office of a civil 
engineer for a period of four or five years’ pupilage, or he 
may be placed in a mechanical workshop, or he may 
sent to one of our great universities, and any one of these 
courses may be the best under particular circumstances, such as 
local convenience, or as the social position of parents may dictate. 
It cannot be doubted that a period of twelve to twenty-four 
months may be very profitably spent in manufacturing works, 
before pe ape a civil engineer's office; but in that case the 
greatest possible care must be taken that the works selected are 
adapted in themselves to im the desired information ; and 
that proper organisation exists for carrying out strict office 
discipline, regularity of attendance, and due diligence; and that 
assistance be given systematically to the pupil to enable him to 
obtain all the advantage possible from his stay at the works. It 
is of the greatest importance to the future success of the 
engineer that, during his professional preparation, he should 
continue his studies of mathematics and scientific works relating 
to his profession, and also of modern languages. In the 
case of its pone og rye to send the boy to Cambridge or Oxford, 
it is meey em le that all ee ee! professional work, such as 
practical knowledge of mechanics, mechanical drawing, surveying 
and levelling, should be mastered before going to the university, 
because it can scarcely be expected that he will submit to the 
drudgery of learning them after his return from a three years’ 
university course, then at the age of, say twenty-two; probably 
the best plan will be to take him away from his scholastic studies 
somewhat earlier than eighteen, if it be intended that he should 
go to the university, and to take especial pains to make him 
accomplished in the preliminary work of the draughtsman, the 
surveyor, and the mechanic; so that when he has taken his 
degree, and enters as a pupil in a civil engineer's office, he will 
at once commence useful and interesting employment, and will 
not require more than three years’ pupilage. if arrangements 
can be so made, and assuming a boy has worked well at school 
with his general studies, and subsequently with his special 
studies; and if from the age of seventeen or eighteen he does 
i to his opportunities in a good workshop, keeps up his 

nowledge of the modern languages, proceeds to Cambridge or 
Oxford, taking a good degree, and completes his studies as a 
pupil with a civil engineer, probably such a course would con- 
stitute the best possible preparation and training which could be 
obtained; but at the same time it cannot be doubted that it is 
a somewhat hazardous combination, and can only be successful 
with great determination on the part of the pupil, to keep his 
future career always in view, and to prepare for it accordingly, 
both before going to the university, during his college career, 
and after he leaves it With respect to the special preparation 
of young men, between the ages of fourteen and seventeen or 
eighteen, several of the largest and best proprietary schools and 
colleges in this country have special classes and departments for 
the study of the applied sciences; and thence well-prepared 
pupils are annually sent out to commence their career with 
engineers, architects, and surveyors; but still the character of 
this special preparation, in its theoretical branches, is not con- 
sidered quite equal to that of France or Germany for the civil 
engineer. It is true that nearly all continental nations have an 
advantage over this country in the power which the nature of 
their government gives them of concentrating, in one recognised 
official school for the preparation of civil engineers, all the best 
available talent of their country. This plan does not exist in 
our country, and, on the whole, we rejoice that it does not; 
neither does the inducement of Government employment form 
the chief stimulus to our exertion, for which we are also thank- 
ful; but at the same time no good reason can exist why the 
ap of acquiring theoretical preparation in this country 
should be inferior to those of the continent: and I have the con- 
fident hope, from the anxiety which is now manifested to in- 
crease the ranks of our profession, and the desire to have the 
best ible preparation for it, that even in the theoretical 
branches we shall shortly have to acknowledge no inferiority to 
any other nation. In the practical branches we are admittedly 
superior. In drawing attention, however, to a comparison 
between our own and other countries, let me be guarded against 
the possibility of being understood to suggest that this theoreti- 
cal “ay ought to be obtained by any sacrifice whatever of 
our undoubted great practical knowledge ; indeed, on the con- 
trary, I think that the attention to the greater opportunities 
which young engineers in this country enjoy, by reason of the 
number and character of our new public works, than is attain- 
able in other countries, should be constantly encouraged to the 
utmost possible extent, and that our old superiority as practical 
engineers should be ever maintained. We ‘will now suppose 
that the general education and the spevial instruction have been 
completed, the short probationary pupilage in workshops has 
been gone through, languages and mathematics kept up and 
improved, the university course in certain cases completed, and 
the period to have arrived for entering a civil engineer's office. 
In selecting such office for a pupil, it is important that it should 
be well organised, and not be too large; that the engineer should 
be a comparatively young and rising man, and be accustomed to 
take pupils ; but these should be few in number, and bear some 
proportion to the number and extent of the works in usual 
course of ry my | under ee engineer’s direction. It is not 
necessary to follow the pupil when once the engineer’s office is 
entered with any detailed aivice, because he is bees a boy, 


unable to appreciate his position and duty; we assume that he 
has been highly educated and carefully trained, well knowin 

that his future success or failure will depend on the degree o 
diligence in availing himself of the opportunities of acquiring 
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knowledge during his pupilage. The work in the office and in 
the field should be done to the best of his ability, and after the 
pupil has become a skilful draughtsman, and is capable of taking 
out quantities of engineering works, and preparing detailed esti- 
mates methodically arranged, he will then probably proceed to 
work out details of designs, and make calculations of strengths 
and strains, and thus become of real value in the office, at the 
same time making real progress and rapid improvement for 
himself. He should avail himself of every ——, of mas- 
tering the purpose and the principles of construction of the work 
brought to his notice, both in the office and in execution, and he 
should ascertain the cost price of ull the materials and work- 
manship employed, separating the items into every minute de- 
tail; and he sbould continue this practice systematically with 
all works on which he is enga; The information which, 
obtained during pupilage, 
and which is necessary to constitute a sound engineer, is 
—list. A fair knowledge of the most fitting material for any 
given work, under any given circumstances. 2nd. The 
power of designing any ordinary work with a maximum of 
strength and a minimum of material and labour. 3rd. A 
knowledge of the means of ascertaining the cost price of any 
ordinary engineering work. The information or knowledge in- 
cluded in this brief enumeration may be called practical know- 
ledge, and it cannot be too often urged upon young engineers 
that theory and practice must always go together, hand in hand, 
and that they are not only not inconsistent or conflicting, but 
that they are necessarily united, and must both be fully develo 
in the same person before he can become a properly qualified 
“ civil engineer.” The period of pupilage should be from three 
to five years, depending on the circumstances which have been 
previously indicated, and, in addition to his attention to the office, 
and outdoor works, it will be well, while keeping up his prepara- 
tory studies, especially mathemathics, that he should improve 
his acquaintance with the French and German languages, and 
keep up his knowledge of their engineering literature, and also 
avail himself professionally and personally of the advant 
offered by this Institution. In the case of the mechanical 
engineer, however, it will be seen that although all scholastic and 
scientific training should be the same as that previously described 
for all other branches, the period of pupilage of the mechanical 
engineer must ni ily be passed chiefly in large workshops or 
manufacturing establishments. I propose now to consider in what 
manner this Institution can be made available in the preparation 
of this young engineer, and more useful to the profession generally. 
The experience of the last few sessions shows us clearly that we 
may expect the future rate of increase to be at least equal to the 
past, and the attendance, on the Tuesday evening discussions, 
show that the interest attached to the proceedings of the Insti- 
tution increases in at least an equal proportion with the augmen- 
tation of the numbers. It is now not uncommon to find our 
meeting-hall inconveniently crowded, and occasionally it is alto- 
gether inadequate to date the bers who desire to be 
present; and from the public interest attached to some of the 
subjects, many persons who desire to hear, or to take part in the 
discussions, are now prevented by our restricted accommodation 
from doing so. For some years in the early history of the Insti- 
tution it was a work of considerable difficulty to keep the dis- 
bursements within the amount of the receipts, and except for 
the admirable and economical que of our late secretary 
and now honorary secretary, Mr. Manby, it is hard to know 
what difficulties we might not have experienced; nor was it 
until the income became sufficiently increased by the liberal 
donations of the council and other ‘members, by trust-moneys 
and bequests, and by the increase in its numbers, so as to 
decidedly in excess of the disbursements, that the Institution 
was in a financial position to give increased accommodation and 
assistance to its members. It may be stated that during the 
last ten years the average increase on the receipts has been forty 
per cent., whilst the increase in the disbursements has been only 
twenty per cent.; and that the present amount of the realised 
roperty of the Institution may be safely taken at 25,0007. 
t will have been observed that considerable improvements have 
been made in the library of the Institution, and in its arrange- 
ments and facilities; and no doubt the council and secretary will 
continue to give this important subject their earnest attention, 
and we may reasonably expect that both the contents of the 
library and its accessibility will be still further increased. Ic is, 
however, somewhat remarkable that a greater number of mem- 
bers do not avail themselves of the additional opportunities of 
reference to the library which have been afforded them, and this 
brings me at once to the consideration of the important question 
of the manner in which this Institution may be made more 
useful to its members. The state of the finances, as we have 
already seen, will prudently permit the expenditure of a larger 
annual sum than we now disburse, and therefore we are at full 





liberty financially to consider additional accommodation, even if |i 


it does involve some increase of expense; and I believe the 
library of the Institution would be far more valuable to the 
members if an arrangement could be made by which it might be 
kept open in the evenings for a certain number of days in the 
week, say until nine or ten o'clock. I have ascertained that no 
practical obstacle to this extension of use exists, and that the 
additional expense would not be considerable. Most of the mem- 
bers of the Institation are necessauily engaged in their ordinary 
daily professional duties during the only hours when the library 
is at present available tothem, and it is obvious that it is only 
in the case of a special reference being required, or for some 
statistical purpose, that the library can be useful to members 
generally under the present arrangement. I can say from my 
own experience that I should have felt it a great boon, asa 
young man, to have had the oy of spending an hour 
or two in the evening occasionally, and of reading and consulting 
the rich record of professional learning and experience now col- 
lected in our li , and therefore I throw out this hint 
respecting the extension of the hours for reading. Another = 
might probably be taken with great advantage to students 

engineers generally, viz. the systematic collection of good work- 
ing drawings, specifications, and contracts for im it works in 
progress or com: , and by facility being afforded for reference 
to them in the hbrary, with permission to make tracings or copies. 
There can be little doubt but engineers in lar, tice would 
supply or permit copies to be taken of their working drawings and 





Specifications for this purpose, and in addition to this assistance 
with respect to drawings, it would not be difficult to obtain per- 
mission for the inspection of the works themselves, during their 
execution, so that young engineers might have the —— 
especially during the summer months, of seeing works as they 
are carried out, and comparing them with the drawings and 
specifications to which they have had access in the library. I 
would also venture to suggest that, in addition to the _ 
accommodation which may be given to those using the library 
by extended time of access to it, and to the collection of working 
drawings and specifications, with arrangements for inspection 
of practical works, a limited number of lectures would be very 
valuable if given by members who were especially conversant 
with any given subject, on other evenings than those of the 
ordinary meetings during the session of the Institution. I now 
approach a question in connexion with the Institution and its 
functions upon which, in common with the profession generally, 
I confess I feel very strongly, and that is, the necessity of pro- 
viding as soon as ible a building more commodious and more 
convenient than that which we now s. Our rapidly in- 
creasing numbers have already reached the point when, as I have 
previously stated, the theatre in which we are now assembled 
is admittedly insufficient for the accommodation of those who 
wish to attend our discussions; and in addition to inadequate 
space, there are conditions inseparably attached to the present 
building which prevent this room being properly ventilated and 
rendered comfortable. The other rooms of this building are also 
totally inadequate for the ordinary purposes for which they are 
required, and on the evenings of our annual conversazione 
especially, the crowding and discomfort are such as to repel 
many of our best friends from venturing to be present with us. 
With a proper building and well-ar rooms, we shall also 
be able to have many objects of professional interest for our in- 
spection and study, of which we are at present deprived—such 
as models of work and machinery, new articles, or new combi- 
nations, or, pune even a good museum. I hope, however, we 
shall shortly be in a position to consider a distinct proposal for 
a new building, worthy of the present position and the future re- 
quirements of the Institution. Having now frankly brought be- 
fore the Institution some of the more important matters which 
appear calculated to influence the future of the members of our 
profession, permit me to say, in conclusion, that I am not sanguine 
enough to expect that I shall accomplish more in this address 
than direct the thoughts and attention of my professional 
brethren to the subject, and induce others more able than 
myself to take it up. It cannot be doubted that the rapidly in- 
creasing prominence and importance of our profession imposes 
upon us grave responsibility and the duty of vigilant watchful- 
ness, so that the character of our members, and the success of our 
works, may be all that greater knowledge, wider experience, and 
more cultivated taste ought to make them, and that every new 
work of importance may be better than that which has preceded 
it, and remain as a landmark, of which all y ! be oy It is 
not now sufficient that an engineering work should be durable 
and free from failure, but, with our present means of study and 
of knowledge, it will be expected that our works should display 
in a satisfactory degree the qualities of fitness, economy, and 
taste, in addition to that of durability. With deeper study and 
more complete preparation, the love of our profession and pride 
in its noble works will become greater and greater in its students, 
and lead to that intense devotion and application which history 
teaches us has alone produced the greatest works in art and 
science; and we cannot doubt that far greater triumphs remain 
to be, and will be, achieved by those whom I now see before me, 
than have yet been realised by either ancient or modern engi- 
neers. Amidst all our exciting professional avocations, however, 
let us constantly bear in mind, and endeavour to imitate, the 
example of the distinguished men who have been removed from 
amongst us during the last few years, in the happy manner in 
which they succeeded in combining personal friendship and pro- 
fessional rivalry, and in their never failing interest in the pros- 
perity and usefulness of this Institution. 








SPIEGELEISEN.—Spiegel (Latin speculum) isa German word 
signifying a mirror, and eisen is the German for iron. Spiegel- 
eisen is a variety of iron, first brought from Germany, and con- 
taining about 6 or 7 per cent. of manganese in combination. 
This gives it a remarkable fracture, in large glittering — as 
bright as burnished silver. “When first brought to Hull, the 
custom-house officers insisted that it was silver, and that a 
heavy duty should be paid accordingly. Spiegeleisen is worth 
about 62. 10s. to 72. per ton, and is remarkably well adapted for 
steel making. It has been largely employed in the Bessemer 

ess. The same kind of iron is made in large quantities at 

‘ow Law, Durham, and elsewhere. The American Franklinite 
is an alloy of the same variety, but containing zinc in addition. 
| Mr. Bessemer now employs an artificial compound of iron and 
manganese in place of Spiegeleisen. 

Tue Russtan AMERICAN TELEGRAPH.—It was stated by 
| Mr. Collins, the projector of the overland telegraph, via Russia, 
in the course of a lecture delivered by him at New York, on the 
' 14th ult., that an unbroken line of telegraphic communication, 
! now exists between Cape Clear, in Ireland, and the great Amoor 
River in Asia; and also between Frazer’s River, in British 
: Columbia, and New York. These lines are about 14,800 miles 
| in length, leaving a gap in the belt of communication around the 
world of about 6,500 miles. The Emperor of Russia has agreed 
} to complete the line through Asiatic Russia to Behring’s Straits, 
| and it remains for the North-Western Union Telegraph Company 
to complete the line to that point. Although many obstacles 

will be met with, still the route is practicable, and, on the line 
| which it is proposed that this line should follow, there are but 
139 miles of water between New York and Paris. On the 
- Russian side there is only one tribe of nations not subject to Rus- 
- sian authority. Repeating instruments will be introduced ever 
. 300 or 500 miles, which, without the aid of human touch, 
' transmit a message to London. The capital stock of the com- 
; => 10,000,000 dollars, 15 per cent. of which has been paid in. 
: tel 
rt 
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the past year 400 miles of the ph lines have been 
| laid os the hanes continent, and it is expected that 500 or 





} 600 mites additional will be completed in the current year. 
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TURRET SHIPS FOR FLEETS OF THE (C). Toillustrate the bow and quarter fire:—If a radius ot THE BLAKELY GUN. 
FUTURE. 300 ft. be struck from the centre of the centre cupola, it will 


To the Editor of “ Engineering.” 
(1.) GENERAL PURPORT OF ACCOMPANYING PLAN. 

Sim,—This deck-plan for an exemplar turret ‘ first-rate,” is 
intended to illustrate the power of Captain Coles’s central arma- 
ment system on a fuller scale than has been, as yet, put forth. 
The Rolf-Kraké, the Scorpion, and Uyrem, the Huascar, and 
Minerva, and other minor sea-going vessels, show the system as 
limited to gunboats, small cruisers, &c. &c. This plan exhibits 
the power of turret, or cupola ships-of-the-line, as — 
adapted for the ocean struggles of the future between fleets of 
largest ironclads armed with heaviest rifled guns. The inventor 
himself has been hitherto so engaged over the less important 
vessels which alone he has been permitted to propose for the 
navy, as completely to prevent the full study he must otherwise 
have devoted to the far greater development of which his system 
is here shown to admit. 

(2.) prmensions, &e. ; ; 

More than five years since, Captain Coles publicly stated his 
system to be capable of producing a ship as large, as fast, and as 
seaworthy as the Warrior; but full armoured instead of semi- 
armoured, and with far more destructive and defensive powers. 
In recognition of this fact, the dimensions of the ship hee shown 
have been adopted, with suitable modification, from those of our 
largest ironclads built or building: To be furnished with engines 
for highest steam-speed, and masts for fullest proportions of sail- 

wer. Rudder to command with rapidity 45° across the line 
of keel at full speed, with a full standard of surface. 

(3.) AkMouR, BACKING, &e, &e. ; 

Ship full armoured fore and aft from 7 ft. under water, with 
all other provisions for shot resistance against heaviest guns, 
based on the results obtained by the Whitworth and Armstrong 
committee, on the 26th’ of last April. 

(4.) ARMAMENT. 

Seven turrets, or cupolas, with two guns each, so arranged 
that, 1, The fire of four guns can be delivered in line of keel 
ahead and astern; 2, The central turrets, and very largely the 
deck itself, are protected from all raking fire; 3, The deck can 
be swept fore aud aft to prevent boarding. 

(5.) GuNs. 

Mr. Whitworth’s 15 ton 9 in. rifle, the most powerful, endur- 
ing, and perfect piece of service ordnance ever yet produced: 
Whether as regards the material, manufacture, and proportions 
of the gun, or the range, accuracy, penetration, and simplicity 
of its projectiles. Charge, 45 lb.; weight of projectiles, 325 Ib. ; 
bursting charge of shell, 19 1b. 

(6.) COMMAND OF TURRETS. 























With both Guns. | Additional with Single Guns. 
No. of Turret. | Degs. | Points.|| No. of Turret.| Degs. | Points, 
1 315°, | 28 1 ge 3 
2 284° 254. |) 2 24¢ 2h 
3 977° 244 3 21° 2 
4 2849p 253 4 24° 2h 
5 277% | 2244 5 212 2 
6 84° | 253 || 6 24° 24 
7 315° | 28 || 7 “ge 3 
Mean Com- Addtn]. mean 
mand ........ 290° 51'| 253 |! Command...| 18° 35'! 14 

















This maximum power of command exists when the mutual 
obstruction unavoidably presented by the turrets themselves, is 
alone taken into account. But even if 50° be taken from it 
as a mean deduction for further unavoidable obstructions, such 
as masts, batchways, &c. &c., the remaining 240°, or more 
than 21 points of the compass, as a mean command for each 
turret, gives a trdining power unapproachable by any other 
system. The shaded spaces between the turrets, however, show 
the neutral surfaces, untraversed by any fire, to be sufficiently 
extensive to accommodate many of such further obstructions 
without any sacrifice of training whatever. 

(7) CONCENTRATION AND DIRECTION OF FIRE. 

(A.) The whole 14 guns, as per plan, can concentrate on 
points in direct line on either beam, 100 ft. distant from the 
guns of the central turret, No. 4, and can train from thence 
“— ships or batteries, throughout an arc of 50° afore and 
a 


(B.) The four guns of 1.2, and of 7.6, can simultatieously 
concentrate on points, in direct line of keel forward and aft, 
100 ft. distant from stem aud stern. If engaged only forward, 
or only aft, this fourfold line-of-keel fire can be supplemented, 
if forward, by the alternate single guns of 6.7; ps if aft, by 
those of 1.2; all four of which command a line of fire of 87°, or 
only 3° from line-of-keel, forward and aft, on either side respec- 
tively. Whether chasing or chased, a fire of 6 guns, out of 14, 


describe two arcs practically equi-distant froin both bows and 
both quarters. And if an angle of 17°, or 14 point, be mea- 
sured from the same centre aud extended on each side of the 
keel forward and aft, it will fix two points in each are 100 ft, 
distant, practically, from the nearest part of each bow and each 
quarter of the ship, as shown in plan. While the four guns o 
1.2 are still engaged in line of keel forward, six other guns can 
concentrate on the above point on the port bow; viz. the two 
guns each from 3,6, and the single port guns from 4.5 respec- 
tively. So, at the same time, the four remaining guns can con- 
centrate on the other like point on the starboard bow; viz., the 
two guns of 7, and the single starboard guns of 4.5; which two 
turrets can thus ply their single guns alternately on each of the 
above bow points. But it is further obvious that turret 1 can 
concentrate, or alternate, the fire of both its guns, as required 
against either the starboard or port bow point, while turret 2 
equally commands the starboard point; and the defence of. the 
ship, in single or in general action, can thus be maintained with 
her whole 14 guns, as with an end-on broadside, throughout 
an arc of 3 points, or only 17° divergent on each side of her line- 
of-keel forward. And similarly complete and symmetrical is 
her means of defence aft. Both guns of turret 1, with the star- 
board single ones of 3.4, can concentrate a fourfold fire on the 
point on the port quarter, while a sixfold fire pours on the point 
on the starboard quarter from the two guns each of 2.5, backed 
by the single port guns of 3.4; the whole four guns of 7.6 being 
still engaged, if needs be, in line of keel aft, or both those of 7 
firing, either upon the port or starboard quarter point, and both 
those of 6 pouring their fire upon the port point. The weight 
of metal from both guns of each cupola is 650 lbs. ; that of each 
14-gun broadside, whether end-on, or abeam, is 4550 lb., or 
rather over two tons. If the largest 120-gun “ three-decker” 
ever built had been armed throughout with 56 pounders, her 
— weight of metal would have been 3360 lb., or 14 tons 
only. 
(8.) GENERAL OBSERVATIONS. 
This illustration of the destructive and defensive power for 
our future ships-of-the-line of which Captain Coles’s system 
admits:—1, Abeam, and for 50° on each side of it; 2, in fine of 
keel direct; 3, in bow and quarter action, is obviously unap- 
proachable by any projected mode of broadside armament, even 
if broadsides could carry 15-ton guns, or fight them if carried. 
In the single exemplar ship here presented, it far exceeds any 

wer ever yet contemplated since guns were first carried at sea 

ut it would be indeed difficult, if not impossible, to find any past 
standard by which to measure the naval force of any Nation first 
possessed of a fleet of such ships; and such difficulty is much 
enhanced by these further specialities. 1. Whether io single or 
general action all guns are effective practically on all points 
without any shifting. 2. Their force, separate or concentrate, 
uires no evolution to elicit. 3. It exists at anchor, or even if 
ashore, as completely as when at sea, and when at sea either 
with or without any change of course. 

(9.) CoNcLuUsION. 
This plan for a turret first-rate has been long conceived and 
studied by practical Shipbuilders of highest eminence, in concert 
with the Inventor and the Writer. The requisite designs for 
actual construction have been for some time commenced; and 
include a complete upper deck for working the ship, with sides 
to permit a free fire from the turrets beneath it. 
I an, sir, yours, &c. 
E. PELLEW HAtsrep, 
Rear Admiral. 








Gas Coats.—During the present agitation as to gas in 
London, it may be as well to have a tabular statement of the 
gas producing powers of different varieties of coals. ‘The fol- 
lowing have been furnished to us by a very eminent chemist, 
who has had a large connexion with gasworks: 


Quantity of Illuminating 


gas per ton, power in 

cub. ft. candles. 
Pelton Pre Te 15.6 
Selected Newcastle ... +: 10,000 11.5 
to to 
11,000 14 
Wigan Cannel «++ 12,000 15.2 
Lesmahago ... eos ee $10,176 48.9 
Boghead oe we 15,420 50.2 


BorLers.—The boilers, twelve in number, at the Crossness 
pumping station of the Metropolitan Main Drainage Works, have 
drilled rivet holes throughout. The flues are welded in the 
longitudinal seams, and have angle iron flanges at each joint 
along their length. These boilers were made by Daniel Adam- 
son, of Hyde, Cheshire. The pumping engines are by Messrs. 





practically in line-of-keel, can thus be maintained, 


James Watt and Co., of Soho, Birmingham. 


A 1TTLE more than ten years ago we were in the 
thick of the Russian war. The science of ordnance 
had been neglected during a long period of peace, a 

eriod when there were many who, no doubt, sincerely 

elieved the world was on the eve of the millennium. 
But war soon taught us that even if our guns were as 
good as those of our enemies, we needed others very 
much better than theirs. The occasion suggests the 
invention, although there may be those who prefer the 
old and wise saw of “ necessity is the mother,” &c. 
Captain Blakely and Mr, Mallet saw what was re- 
quired, but Mr. Mallet did not pores an altogether 
practicable gun, while Captain Blakely did. On the 
27th of February, 1855, before the then Mr. William 
G. Armstrong had given to the public, or even the 
Privy Council, his own ideas of guns, Captain Blakel 
secured a patent for the mode of making ‘cannon with 
steel or cast-iron inner tubes, strengthened by wrought® 
iron or steel jackets shrunk over them with a consider- 
able initial tension. This idea of initial tension was 
not, perhaps, clearl expressed in the original patent, 
but Captaim Blakely secured it by a disclaimer and 
memorandum of alteration, early in 1859. Mr. Mallet 
had tried the principle in the 36 in. mortar, first fired 
with a shell, weighing one ton and a quarter, October 
19th, 1857, but the monster mortar was not made as 
we should now make such a piece of ordnance, even if 
we were working upon the ——- then laid down. 

We can understand in a little time exactly what is 
the principle of the Blakely gun. Captain Blakely 
appears to have reasoned in this way: “In exploding 
* nowder within the chamber of a gun, the first effect 
“is that of percussion, and steel will withstand this 
* much better than wrought iron. Therefore, I will 
“ make my inner tube of steel. But the internal sur- 
“ faces of the chamber, being strained, will stretch, 
“ whereas the metal outside and beyond them will be 
“ extended in a less and less degree according to a 
“ principle some years ago demonstrated by Professor 
_ my who showed, that, beyond a certain thickness, 
“no additional metal would give more strength to a 
“ hydraulic press cylinder.” If we can in imagination 
follow Captain Blakely’s reasoning from what he has 
since done, we may suppose that he summed up in 
words much like these : “ I will first place the material, 
“ immediately surrounding the bore, in a state of com- 
“ pression, by ss wrought-iron tubes or rings 
“upon the outside. Then, when the powder explodes, 
“the outer tubes or rings will be made to do their 
“ work, and this inner tube will, in the first extension 
“ due to explosion, come merely to a state of repose, 
“ afterwards extending by tension. Thus a great deal 
“ of the force of the powder will be expended before 
“the metal of the inner tube is really brought into 
“tension.” We are here putting words of our own 
into the mouth of another, but Captain Blakely’s spe- 
cification, and his later practice as an ordnance engi- 
neer, show exactly whe hin governing ideas must have 
been. In his principle of throwing work upon the 
outer metal of the gun, beyond what it had ever before 
borne, he has been imitated by Sir William Armstrong, 
by Parrott, and by Captain Brooke of the late Con- 
federate Army, who fabricated many guns—essentially 
upon Captain Blakely’s principle—at the Tredegar 
Works, Richmond, Virginia. ‘And this principle ad 
been adopted by all the great military powers of the 
world. 

The earlier Blakely guns were of cast iron, hooped 
with wrought-iron jackets. The Parrott guns, made 
by Mr. R. P. Parrott, of West Point Foundry, in 
America, were of this construction; but they burst to 
such an extent, when employed as naval guns, as to 
disqualify them for service. At the attack on Fort 


































































































Fisher, more men were killed by the bursting of the 
Parrott guns than were killed by their fire. Captain 
Blakely some considerable time ago abandoned oth 
cast-iron bores and wrought-iron jackets, substituting 
steel for both. In fact, his patent had provided for 
both. All Blakely cannon are now, we believe, made 
of cast steel, cast by Messrs. Thomas Firth and Sons, 
and Messrs. Naylor, Vickers, and Co., of Sheffield, 
although the steel of other makers may be used. Very 
large guns have been made, and one of 15 in. calibre is 
now in course of construction at the Blakely Ordnance 
Works, Bear-lane, Southwark; the new works at East 
Greenwich not being yet completed. The 15 in. gun, 
of which we will soon give an engraving, will weigh 
21 tons. We cannot say to where this gun will 
be shipped when completed, but when we recollect 
that, on the occasion of General Todleben’s visit to 
England last year, the Blakely Company received an 
order to the extent of nearly 1,000,000/. for guns for | t 
Cronstadt and other Russian fortresses, it is not un-|' 
likely that the great gun may yet find a home in some 
fortification on the banks of the Neva. 

General Ripley, who commanded the inner defences 
of Charleston, during the memorable siege of that town, 
lately informed us that he had, among other Blakely 
guns, one of 12} in. bore, the inner tube of cast iron 
and the jackets of steel. He fired it about 100 times 
in all, the service charges being 45 lb. of powder, alter- 
wards increased to 601b., and with a cylindrical shot 
of 600 lb. weight. The elevation did not exceed 5°. 
After the close of the war, on his way to New York, 
the General learned that the gun had been purposely 
burst; but no less than 120 lb. of powder and 1300 lb. 
of iron were required to effect this. 

The present Woolwich guns, with steel inner tubes 
and shrunk-on outer casings, are made generally in ac- 
cordance with the specification of Captain Blakely, 
although no credit is given; and, it is as well to say 
it, no royalty is paid to the patentee. 
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BRIDGE CONSTRUCTION. 

Te tendency of modern bridge engineering is clearly 
towards the largest practicable spans. There is the 
objection that the weight and cost of bridge spans, of 
like construction and like strength, is as the square of 
the distance spanned. But if the spans be lessened in 
width, the piers must be multiplied in number, in order 
to bridge over a given distance ; and the cost of piers 
often exceeds, by far, that of the spans between them. 
In the case of very large spans, the great burden is that 
of the sheer dead weight of the structure itself. The 
Britannia bridge tubes, if enlarged, upon the same scale, 
to a clear span of about 1500 ft., or 1800 ft., would, ac- 
cording to the best calculations of those engaged in their 
construction, break down of their own weight. Since 
they were constructed, steel has begun to take the place 
of wrought iron, even in bridge construction, and the 
Albert Bridge, from Chelsea to Battersea, is to be made 
chiefly of steel, of a guaranteed breaking weight of 43 tons 
per square inch, the limit of elasticity being warranted 
as high as 25 tons, This means that the dead weight 
of the structure itself, which, in all large spans, forms 
the chief portion of the total load upon the girders, is 
but one half what it would be if made of wrought iron. 
The Albert Bridge is, however, of but 470 ft. span be- 
¢ween the suspension towers, whereas an intended steel 
hridge across the Straits of Messina (and for which it 
was understood Messrs. John Brown and Co., of Shef- 
field, were not long ago engaged in rolling the steel 
bars), was to be 3028 ft., or L000 metres clear span. 
The very wide span bridges are, of course, suspension 
bridges, of which the stiffness, under heavy and un. 
equally distributed loads, could never be guaranteed. 
But it is expected that, without an excessive amount 
of material in construction, spans of from 500 ft. to 

1000 ft. may be made sufficiently stiff for every purpose 
of traffic. For such spans, no doubt, the strongest 
materials must be employed, because the stronger they 
are, the less weight, and, therefore, the less dead load 
required for a given span. Let a bridge, of 1000 ft. 
clear span, weigh 3000 tons between supports, and it 
may be on the verge of breaking down from its own 
weight. But if, by using a stronger material, the same 
total strength is obtained with one half the weight, we 
may then load the span with 1500 tons of uniformly 
distributed “ live load,” and still keep within the limit 


occur so much oftener in the ordinary range of busi- 
ness. These are bridges of from 60 ft. to 120 ft. or 
150 ft. spans; and let us not forget that, in the yard of 


of even 150 ft, is still reckoned somewhat wide. 
in the case of moderate spans—even less than 100 ft.— 
we have known instances in which a very high test 


h 


actual practice of construction, would suppose that 


» 
selection, as well as a high price, to obtain large quan- 


Messrs. Napier had to confess to the Admiralty that 


such iron could be obtained for plate bridges it ought 
to be had for ships. 
work, we believe that we run little risk in saying that 
the average tensile strength is under 20 tons, and 
possibly but little above 18 tons per square inch. 
one can say, that upon broad grounds, such iron is to 
be preferred to that which will bear 24 tons or more 
per square inch; yet we are disposed to believe that, 
for moderate spans, the cheaper iron is as good, upon 
the whole. For, if cost be made a standard, the cost of 
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For the present we may overlook the greater bridge 
pans of modern practice, and keep to those which 


bridge constructor, taking average contracts, a span 
Now, 


train of the material was insisted upon. Thus, for 
he diagonal members of a 75-ft. trussed girder, we 
ave known a tensile strength of 24 tons per square 
neh of iron, not merely specified, but enforced under 
yenalties. Few, who are not closely engaged in the 
t-ton iron was difficult to be had. Yet, despite all 
he tabulated resuits to which it is so easy to refer in 
nany books of undisputed value, it requires very careful 


ities of iron which will bear a tensile strain of 24 tons 
yer square inch. In building the Black Prince, the 


hey found great difficulty, and suffered great loss 
inder their contract, in obtaining plate and angle iron 
of a strength of even 22 tons per square inch; and if 


But, for ordinary ship and bridge 


No 


24-ton iron is at least in proportion to its superior 
strength; indeed, the quotation ranges even beyond 
the proportionate excess of strength. To put it in a 
few words, we believe it to be cheaper, and as well, to 
use 18-ton iron in bridges of moderate span, as to seek 
24-ton iron at nearly or quite half as much greater 
cost per ton. For only 1OOft. spans, or less, the 
weight of the structure seldom forms a large propor- 
tion of the maximum load to be provided for, and so 
the mere weight of span is not so great an evil. On 
the other hand, mass, or dead weight in a structure; so 
long as it does not cause undue strains, has its advan- 
tages in respect of inertia and stability, especially 
under shifting loads. The late Mr. Robert Stephenson 
always insisted upon this. The prime cost of iron 
bridges is now chiefly made up of that of the iron itself. 
It costs only about 2/. per ton, for labour and work- 
manship, on the average, to construct and put together 
spans of approved design and moderate width. Bridge 
girders, of which the iron, including waste, costs 
8/. 15s. per ton, are now undertaken at a profit, at 
prices as low as 13/. 10s., and the profit often 
approaches something like 20 per cent.; only, of course, 
in the hands of large firms who control special plant. 
For the same construction and width of span, a less 
quantity of a stronger quality of iron would, of course, 
increase the cost of workmanship per fon, although the 
whole cost would be possibly a little less, the cost per 
ton not being, perhaps, quite in the inverse ratio to the 
weight. 

We believe, from what is now open to the observa- 
tion of all, that a better quality of material, whether it 
be known as steel or “homogeneous metal,” will, 
before many years, be generally substituted for wrought 
iron in bridge construction. For moderate spans, the 
question of iron for bridges is to some extent—possibly 
a great extent—one of price of material. In other 
words, an iron which bears a tensile strain up to 18 
tons per square inch, can generally be depended upon, 
within that limit, as fully as an iron bearing 24 tons. 
Of the latter class of iron, very little can now be had 
for the ordinary purposes of construction; while its 
price places it far beyond the lower grades ofiron, con- 
sidering quality along with quantity. This distinction 
of price will, no doubt, long prevail in bridge designs, 
pod so long as the engineer feels himself bound to 
make up in weight what he saves in price per ton, the 
danger, in the case of moderate spans, is not great. It 
is common to say that the very best materials should 
always be used. We quite agree with the saying in 
principle, but if it were enforced strictly in practice, 
we fear that but very little English iron would be 


STEAM CYLINDER CASTINGS. 


Tue portable engine makers, working steam of 40 Ib. 

or so in their engines, have had but little trouble in re- 

spect of the metal of their cylinders. Almost any iron 

would answer for a cylinder. But the practice of the 
traction engine makers, and others working steam of 
100 lb. pressure, has created a new necessity. It is 
found to be a difficulty to get iron hard enough for a 
good cylinder. We know one maker who has been 
compelled to use Blaenavon iron, in the proportions of 
74 cwt. of No. 1 and 1} cwt. of No. 4. The mixture 
cost him 8/. per ton, and he can never depend upon 
the quality of the iron being twice alike. As a rule, 
the above-named mixture is about as hard as can be 
made satisfactorily. Even with this garg the thin 
parts of the casting are apt to chill, and, taking the 
narrow ribs between the steam and exhaust ports on 
the valve seat, itis often found that, with this mixture, 
the valve face can be planed only with great difficulty. 

We believe that Messrs. Clayton, Shuttleworth, and 
Co. employ, for all their engine cylinders, a mixture of 
Coltness iron, in the proportion of two-thirds to one- 
third of cast-iron borings, the latter previously run into 
pigs. Even this is not hard enough for cylinders 
worked at very high pressure. Stirling’s toughened 
iron does not answer either, although we used it twelve 
years ago for large locomotive cylinders with a good 
promise of success. Another mixture is that of say 
5 ewts. of remelted cast-iron borings with 15 ewt. of 
Cochrane’s No. 1 Cleveland iron. This costs about 47. 
or so per ton, and borings get burnt in remelting, and 
become irregularly and even intensely hard. It is dif- 
ficult to melt them properly along with pigs, and if they 
are previously melted and cast into pigs, to be after- 
eet mixed, they make a quality termed “ pinney,” 
unfit for cylinders. 

Some months since, being at Crewe, we found the 
“Lady of the Lake,” the prize Exhibition express 
engine, in for repairs. The cylinder covers were off, 
and the bore, after perhaps 60,000 miles run, was as 
smooth as glass. We inquired, and were kindly sup- 
plied with the following proportions of metal employed 
upon the London and North-Western Railway for 
locomotive cylinders, as used during the past year :— 
64 ewt. each of Madeley Wood No. 5 and of Pontypool 
No. 4 iron; to these are added 3 ewt. of cylinder 
“heads” or “ sprues” from previous castings, and after- 
wards about 24ewt. of old cold-blast cast-iron tram 
rails, about equal to No. 2 Butterley iron. This in all 
makes 18 cwt. of iron, sufficient for a cylinder. Some- 
times only Madeley Wood iron (a favourite brand with 
Messrs. Penn and Son for their great marine engine 
cylinders) is employed, instead of the mixture with 
equal quantities of Pontypool, but the mixture is pre- 
ferred. 

The mixing of iron in foundries, especially where 
great strength or hardness is required, has long been a 
kind of alchemy. We think that Mr. Bessemer’s new 
castings, formed of a mixture of Bessemer steel with 
ig iron, will give a new turn to steam cylinder and 
oh 4 press founding. 





An HistortcAL CHRONOMETER AND CLocKk. — John 
Arnold, the famous chronometer maker, made one for a Mr. 
Aubert, and this chronometer was afterwards exhibited, in a 
committee of the House of Commons, to show the application of 
the spring to the escapement, as claimed by Thomas Earnshaw, 
Mr. Frodsham, who is a descendant of Arnold, has lately placed 
this chronometer, still in good order, in the hands of Mr. Bennet 
Woodcroft, by whom it will be purchased for the Patent Museum 
at South Kensington. The original cost of this chronometer was 
120 guineas. Mr. Woodcroft has for some time had in his pos- 
session an admirable piece of workmanship, in the shape of 
a clock, by Vulliamy, made at a cost of six hundred gnineas, for 
Georgethe Third, for his private observatory at Kew. 1t was sub- 
sequently in the possession of George the Fourth and William the 
Fourth, and was afterwards in the possession of two German 
sovereigns, by one of whom it was presented to a lady, a descen- 
dent of Vulliamy, who, not wishing to keep so costly a piece of 
workmanship in her own possession, offered it to Mr. Woodcroft, 
who has it in his room af the Patent Office. All the spindles 
in this clock revolve upon anti-friction wheels, and there is a pe- 
culiarity in the escapement, by which all friction is prevented. 


Rattway GAvuGE 1x Lonpon.—The Finsbury Extension ot 
the Metropolitan inner | is laid only with the narrow gauge, 
and the broad gauge will not, we believe, be introduced upon 
any portion of the “inner circle system.” It requires over 4 ft. 
more in width of tunnel, equal to half an acre per mile of line, 
and in the City much of the ground to be purchased costs 
200,0002. or more per acre. The Great Western Company sub- 
scribed 175,0002. to the capital of the Metropolitan Comets. 
on condition that the broad gange should be extended to Far- 
ringdon-street. The extra cost of doing this exceeded the 
amount of the subscription, and now the broad gauge is in course 
of abandonment. It has the advantage of permitting of wider, 
and therefore shorter trains, and hence of shorter station plat- 








of breaking strain. 





employed at all in railway bridges for home lines. 





forms, but even this is not sufficient with engineers. 
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PROPOSED TURRET SHIPS. 

Tne first proposition for turret ships was for a single 
turret or cupola with one gun, Such was Captain 
Ericsson’s Monitor; and Captain Coles, proceeding 
also upon the same idea, has expanded it into the four- 
turret ship, Royal Sovereign, one of whose turrets 
mounts two guns. In concert with Captain Coles, 
Admiral Halsted has advanced a plan for a seven-turret 
ship of fourteen 9 in. rifled Whitworth guns, as illus- 
trated and described by the Admiral in a letter which 
appeared in our last number. In his communication 
he has confined himself wholly to the fighting capa- 
bilities of such a ship, saying nothing of its construc- 
tion. Its size is intended to be 420 ft. long, by 60 ft. 
beam, with engines of the largest class, and full sailing 
power. The seven turrets, heavily armoured, and 
carying, each, guns and carriages weighing 40 to 45 
tons, would weigh, in all, from 1200 to 1400 tons, and 
the additional armour of the hull would no doubt weigh 
2000 tons or more. It is possible, therefore, that the 
whole displacement of the ship would be about 11,000 
tons, or say 1000 tons more than our present largest 
class of iron frigates. A ship can, of course, be made 
to carry anything, even with the weights distributed 
over the length, as in Admiral Halsted’s plan. 

Leaving the details of construction of such a ship to 
the naval architect and the engineer, there can be no 
question that it would be the most formidable vessel 
ever put afloat. It could fire fourteen of the most 
powerful guns on either broadside, concentrating 
the fire, if desired, upon a single point only 100 ft. 
off. It could fire four guns in the direct line of 
the keel, either ahead or astern, and the average 
command of all the turrets with both guns is 240°, 
or more than 21 points of the circle; while firing only 
one gun from each turret, an additional command of 
more than 18°, or 14 points, is had. It is obvious 
that such a ship could never be boarded as long as the 
turrets could work, as almost the whole surface of the 
deck could be swept by the ship’s own fire. And in 
the case of one or more turrets being disabled others 
would be left, as it could not be supposed that the 
whole number of seven turrets would become jammed 
at the same time. 

The Penelope, now building at Pembroke, will have 
twin screws, Aivin by independent engines, an arrange- 
ment which, it appears, now has the full confidence of 
the authorities at the Admiralty. With twin screws 
and balanced rudders, a ship lice that proposed by 
Admiral Halsted would be almost as movable as a 
turn-table, manceuvring, ramming and firing in any 
direction desired. The great size of the ship would 
render it seaworthy in all weathers, and it could, if 
needed, steam round the world. No one, we are con- 
fident, can read Admiral Halsted’s letter attentively 
without acknowledging the truth of his assertion and 
opinion, to wit :—“ In the single exemplar ship here 
“presented it far exceeds any power ever yet contem- 
“plated since guns were first carried at sea. But it 
“would be indeed difficult if not impossible to find any 
“just standard by which to measure the naval force of 
“any nation first possessed of a fleet of such ships.” 








HOMOGENEOUS METAL. 


We have just witnessed some very interesting ex- 
eriments at Mr. David Kirkaldy’s testing room, on 
ars of Howell’s homogeneous metal and steel. We 

should be almost inclined to doubt the correctness of 
the results had the bars been tested by a less accurate 
apparatus. The experiments proved that homogeneous 
metal has all the ductility of the best wrought iron 
and twice its strength. ‘The bar experimented on re- 
quired 44.6 tons per square inch to Soeak it. This is 
almost twice the strain that the best. suspension links 
made of scrap iron will resist. And after resisting a 
strain of 26 tons per square inch for some minutes, it 
showed no permanent set after the strain was taken off. 
Twenty-six tons for the working strain is certainly very 
great, — to twice the working strain of any wrought 
iron. We learn that this metal is to be used in the 
chains of the suspension bridge now being erected 
over the Moldau at Prague, and the above experi- 
ments were made to prove that the metal was equal 
to that specified in the contract ; also in the chains of 
the Albert Bridge, over the Thames at Battersea. 
There will be a great saving in the cost of the chains 
for the bridge over the Moldau. In the first place the 
chains will be considerably less than one-half their 
weight for the same strength in wrought iron, on ac- 
count of their taking with equal safety twice the 
strain of the best wrought iron, The reduction of the 


weight below the half arises from having less than 
half the weight to carry in themselves. Another 
great saving is in the freight and duty, and cost of 
erection. Although this metal at the works costs a 
little more per ton than twice that of wrought iron, a 
saving arises immediately carriage and freight are taken 
into account. 

This metal possesses enormous advantages over 
wrought iron for large span bridges. It will support its 
own weight, suspended vertically, in a length of 34 miles 
without exceeding its working strain, and over 54 miles 
without exceeding its breaking strain. It wo 
carry itself as a suspension chain, or a telegraph wire, 
over a spanof 3 miles with a deflection of only one-eighth 
of the span without exceeding its elastic limit of 26 
tons per squareinch. It has not only great Fier. 
for large span suspension bridges but also for girder 
bridges. Had the Britannia Bridge been constructed 
of similar metal, the saving in cost would have been 
considerable. So far the greatest work this bridge has 
to do is to carry itself. Take half this work off and it 
follows as a matter of course that the weight of metal 
in the bridge would be far less. 

The elongation of homogeneous metal and steel is 
only ys3o0th part of its length for every ton of direct 
tensile strain per square inch. This is a most impor- 
tant fact, and was clearly proved by the before- 
mentioned experiments. Ordinary wrought iron 
extends from gesoth to rodsoth of its length for every 
ton of direct tensile strain per square inch. Approxi- 
mately, two tons strain will elongate a bar of 
homogeneous metal or steel no more than one ton 
strain will elongate a bar of wrought iron. This 
elongation is only while the strain is on, for the bar of 
homogeneous metal, or steel, will always return to its 
original length when relieved of any strain not exceed- 
ing 26 tons. We have often heard it stated that steel 
will enlongate just as much as wrought iron for eve 
ton of strain, and that a girder made of steel nll 
deflect twice as much as a girder made of wrought 
iron, because the steel girder would be caleulated to 
take twice the strain of a wrought-iron girder. This 
additional deflection would be most objectionable, and 
would induce many engineers to reject steel for girders. 
But as this edlitondl deamiien does not exist, the 
deflection of the two girders would be the same. 
There is another excellent quality that the homogeneous 
metal has in its favour for being applied in girders and 
suspension chains. The bar experimented on was 
permanently elongated 84 inches in 10 feet, with a 
strain of 44 tons per square inch. If the Hammer- 
smith and Chelsea Suspension Bridges’ chains were 
made of this metal, and the bridges loaded to give a 
strain of about 40 tons per square inch, the chains 
would quietly elongate all lower the roadways into the 
river without actually breaking. Its uniform quality 
would ensure the chains elongating equally throughout 
their length. This uniformity in the metal is very 
important, for it allows a greater proportionate work- 
ing strain to be put upon it with perfect safety. 
Ordinary wroughtiron varies considerably inits omer 
so that it is seldom calculated to have a greater 
working strain than 5 tons per square inch, unless all 
the parts have been tested nearly to their elastic limit, 
while even then it is seldom allowed to have a greater 
working strain than 6 tons per square inch. 

Homo-metal would have great advantage over 
wrought iron for deep sea telegraph cables. As- 
suming wrought-iron wire to have an elastic limit of 
13 tons per square inch, it cannot support a greater 
vertical length of itself than 1§ miles with safety. It 
is an acknowledged fact, that no material can be 
strained beyond its elastic limit with safety. Now 
wrought iron, having an elastic limit of only 13 tons 
per square inch, as compared with homogeneous metal 
that has an elastic limit of 26 tons, it follows that half 
the weight of wire of the last mentioned metal would 
do the same duty as the whole of the wrought iron. 
This alone would have reduced the weight of the At- 
lantic cable to nearly one half; to say nothing of the 
advantage gained in having a metal far more equal in 
its texture than wrought iron, a most important ac- 
quisition in such a delicate thing as a deep sea cable. 

f wires of homogeneous metal were placed parallel with 
the axis of the cable, there is no doubt that the cable 
would withstand at least twice the strain of a cable of 
twisted wrought iron wires of the same diameter, with- 
out breaking the copper core. In addition, there is 
another yr £ and that is, its power of resistin 
corrosion in salt water. Experiments have prove 
that homo-metal immersed in salt water for two years 
would lose only 6 per cent. of its cv weight ; 
whilst wrought iron under the same conditions, would 





lose as much as 30 per cent.; showing that the 





d also} 1 


stronger metal would last sixteen years, and the 
wrought iron only six years. 

It certainly appears that the time will come when 
metals, or materials, of the greatest strength and the 
least weight will generally be adopted in the construc- 
tion of all machines and apparatus that have to be moved 
from place to place, as well as for bridges and roofs of 
large span. If we had a material of the strength of 
steel, and a mere fraction of its weight, there is no 
doubt we should have machines to carry us through 
a with or against the wind, before the year 

867. 


The strongest metal is particularly adapted for the 
construction of ships. Toke an iron vessel of 1600 
tons burden and 300 horse power, the iron hull of 
which weighs 700 tons and the boiler 80 tons, equal a 
total weight of 780 tons. If built of homogenous 
metal or steel she would weigh 400 tons, leaving a 
balance of 380 tons more freight in its favour. Thi 
shows at a glance that on a voyage to New York there 
is additional room for 380 tons at 3/. per ton, equal 
1040/. in, say thirteen days. This gain is well worth 
the small additional cost of the vessel made of homo- 
geneous metal or steel. 

The strongest and most ductile metal of the least 
“= gravity at a price not far exceeding the price 
of wrought iron per ton of strain, will, there is no 
doubt, be adopted in all engineering works, where 
a economy, lightness and strength are re- 
quired. 








Buast Furnaces.—At the new works of Messrs. Barning- 
ham, at Darlington, a locomotive. engine and trucks are to 
employed for feeding the blast furnaces, thus dispensing with 
hoists and wheeling. The patentees set forth the advantages of 
the new plan as follows :—‘ The saving by this method, com- 
pared with the old plan, must be immense when we consider that 
to supply 20 furnaces for twelve months, making 400 tons of pig 
iron per furnace per week, equal to say 400,000 tons per annum, 
would require a man to travel with a barrow a distance alto- 
gether — to about 300,000 miles before the requisite quantity, 
say 2,000,000 tons of material entered the furnaces, besides 
having to wheel the same distance a weight equal to about 
1,600,000 tons, being dead weight for barrows. The immense 
waste of labour in having to pick up with shovels and forks 
2,000,000 tons of materi pa then wheel it in barrows to the 
hoists, is apparent at a glance, and clearly shows the necessity 
of the Bag here proposed, which will disch the wagons 
wholesale into the furnace mouths, entirely dispensing with 
pneumatic, hydraulic, steam, or rope incline hoists ; also depéts 
and depét hoists, which lift the material a considerable height 
and then drop it down again, doing great —- to the coke, 
which must afterwards be picked up with shovel and fork by 
hand labour. The new plan also dispenses with shovels und 
forks, bankers, scopes, and barrows, flooring plates, and with 
barrow-fillers and wheelers.” 

THe AgERonavuTicAL Socrery.—To the other learned 
societies of the — is now added the Aeronautical Society of 
Great Britain. e Duke of Argyle has been chosen president, 
and the Duke of Sutherland and Lord Grosvenor vice-presi- 
dents. Sir Charles Bright, M.P., Mr. Fairbairn, Mr. Hugh 
Drummond, and Mr.:Glaisher are on the council. In a short 
address by the last-named gentleman, at a recent meeting, he 
observed that the study of aeronautics had hitherto been pro- 
ductive of little scientific advantage, because, until lately, bal- 
loons had been employed merely for exhibition, or for the pur- 
pose of public entertainment. It was, however, hoped that by the 
establishment of this society the subject might take its stand- 
ing among the sciences. Even in its present stage the science 
was byno means barren of resources, for what had recently 
been done at the instigation of the British Association had 
shown how little was known concerning atmospheric currents, 
temperature, and the phenomena of storms, a thorough know- 
ledge of which might lead to weather predictions, which would 
be highly beneficial to mankind. A chief branch of inquiry 
would be the mechanical expedients for facilitating aerial navi- 
gation, and when it was considered that the act of flying is not 
a vital condition, but purely a mechanical action, it was re- 
markable that no correct demonstration had ever yet been given 
of the combined principles upon which flight is performed. 

Tue Instrrution or Crvi, EnGingers.—At the meet- 
ing of the Members of this Society, on the 9th inst., nineteen 
candidates were balloted and declared to be duly elected, including 
four members, viz: Mr. Abraham Coates FitzGibbon, Engineer- 
in-chief for railways to the Colonial Government of Queensland ; 
Mr. Alexander Grant, district engineer, Jubbulpoor extension, 
East Indian Railway; Mr. William Jacomb, Westminster; and 
Mr. Francis Carr Marshall, Tynemouth: and fifteen Associates, 
viz.: Mr. John Carruthers, late of the Mauritius railways; 
Major John Underwood Champain, R.E., general superintendent 
of the Telegraph to India; Mr. Edward Hele Clark, resident 
engineer, Grimsby (Royal) Docks; Captain William Henry 

gceombe, R.E., principal of the civil engineering college of 
Madras, and rey superintendent of the to Dhical survey 
of Pegu; Mr. Ralph Elliot, Westminster; Mr. John Evans, con- 
tractor’s office, Runcorn» Bridge works; Mr. Myles Fenton, 

neral manager of the Metropolitan railway ; Mr. Rogers Field, 
B.A. Westminster ; Mr. Alexander McKerrow, resident engineer ; 
Solway Junction Railway; Mr. Francis Napier, assistant 
engineer for harbours and rivers to the government of New 
South Wales; Mr. Arthur John Peele, engineer to the 
Coal Company, Ran ;. Mr. Cornell 
Westminster; Mr. Wi odes, contractor’s office, 


Argentine railwaj, Rosario, South America; M. Henri Schneider 
le Oreusot, France; and’ Mr. Henry Shield, Grosvenoe-road 





Engine works, Pimlico. 
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LOCOMOTIVE ENGINES. 


Tue subjects for discussion in connexion with the 
locomotive engine, have been long since well-worn. 
There were the early controversies, carried on with 
much spirit, as to the relative merits of four-wheel and 
six-wheel engines, of inside and outside frames, of inside 
and outside cylinders, of light engines and heavy en- 
gines, of coupled and uncoupled engines, of separate 
expansive gear and the link motion, &c., &c., and in 
later times we have had lengthy arguments as to the 
adoption of counterweights, the substitution of coal 
for coke, the use of superheated steam, the application 
of the bogie, and much else relating to the railway 
engine. Wherever there has been room to bring 
mathematical reasoning to bear, the arguments have 
been wonderfully extended. We have had no end of 
exact ratios proposed for the area of tube surface to the 
diameter of oa and long disquisitions, loaded 
with formule, upon the economy of expansive working. 
We do not for one moment wish to disparage anything 
that theory, or let us say science, has es for locomo- 
tive engineering, nor even to speak disrespectfully of 
the attempts of those who, not being possessed of prac- 
tical knowledge, have nevertheless sought to draw out 
useful truths by the aid of abstract reasoning alone. 
It should not be forgotten, however, that the greatest 
improvements which have been made in the locomotive 
engine since 1830 have been in its structure and work- 
manship, and that although the result may not admit 
of being expressed by a formula, it is nevertheless re- 
presented in dividends. The little engines, originally 
made by Messrs. Robert Stephenson and Co., for the 
Liverpool and Manchester Railway, say thirty-five years 
ago, did not work up to one-third of the actual power of 
our present class of engines, yet they then cost from 10d. 
to 1d. per train mile for repairs, and, besides this, nearly 
or quite twice as many of them were required for their 
traffic, at that time, as would be needed had they been 
better made, more than one-half of their number being 
constantly under repair. 

It would be a great point gained if locomotives 
could be made to wear out equally in all parts, so that 
the whole and not one or two parts only should need 
to be repaired when repairs became netessary. It is 
of great consequence to keep an engine out, and at 
work, as long as possible. If it can go a year without 
any repairs whatever, beyond what can be effected in 
the shed, between trips, a much smaller number of 
engines will of course suffice for a given traffic than if 
each has to come into the shop every month or six 
weeks for some purpose or other. Not only this, but 
extended and general repairs can be made to better 
advantage than where the same total amount of work 
is done by driblets, and upon many different occasions. 
At one time it was good work if a set of driving-wheel 
tyres went 60,000 miles in all, or 20,000 miles before 
requiring their first turning. Now, cast-steel tyres 
may be had at a cost of less than 40s, per ewt., ‘and 
which will go 70,000 miles or so before they need be 
turned, and from 150,000 to 200,000 miles in all before 
requiring to be renewed, At one time locomotive 
crank axles broke so frequently as to induce more 
than one engineer to adopt outside instead of inside 
cylinders, for this reason alone. But now, those who 
prefer inside cylinders, and there are no doubt many 
who still do, can have cranks of a metal in which 
fracture in ordinary work is almost unknown. When 
a cylinder or a valve-face is now worn too far, the one 
may be bored and the other planed ix situ, with but 
little loss of time. The motion work is now made 
chiefly of steel, and its wear is but slight after many 
thousand miles of service. The springs now occasionally 
bear at their ends upon india-rebber blocks, and these 
greatly help to save the engine at all parts. Longer 
bearings to the axles, although it is difficult to get 
room for journals of much length, will still further 
add to the general durability of the engine. We should’ 
be glad never to see a less length of bearing 
than one and a half diameters, or two diameters if 
possible. The use of steel jaxles, or axles with 
case-hardened journals, promotes their own durability, 
and broad bearing surfaces and easy springs help to 
maintain the original condition of the axle boxes. 
The firebox is always severely tried, but nothing 
appears to answer better than copper. A good deal 
was hoped from mild steel, but it is not now considered 
as quite safe when exposed to fire on one side and 
water on the other. Besides, steel or homogeneous 
metal is not quite trustworthy when subjected to the 
heat and celine requisite in flanging. In some rail. 
way works which we might mention, firebox plates 
of Bessemer steel have cracked through when the 
engine was standing cold in the shed, the report of 
the fracture being like that of a pistol, and the frac, 





ture itself as short and bright as if it had been in razor 
steel We know of like cases, too, which have 
happened at the factories of one or two locomo- 
tive makers, Mr. Ramsbottom, of Crewe, is, however, 
successfully using Bessemer plates for the circular 
fireboxes—like the fireplace of a Cornish boiler—which 
he now employs for his new shunting engines. 
Twenty-six, or more, of these have been thus far 
made with boilers perfectly cylindrical outside from 
end to end, and where the steel plates require to be 
bent only to a circle and lapped, they appear to answer 
very well, even for fireboxes. 

It is to be wished that the tubular portion of the 
locomotive boiler had greater absolute strength and 
durability than it has; yet a good set of tubes, well fixed, 
and with good water and careful attention, go a long 
time. The internal corrosion of locomotive boilers 
often goes on mysteriously, and it occurs chiefly in 
those parts which are so filled with tubes that no 
proper internal examination can be made, until a new 
set of tubes is to be put in. It would be a great step 
if some good, strong, simple, and cheap mode of 
making all the tubes removable, in a body, could be 
hit upon. This is done, now and then, in the case of 
cestelile engines, as on Messrs. Biddle and Balk’s 
plan, employed to some extent by Messrs Ransomes 
and Sims, of IpsWich; and there is a French plan, 
which, we believe, has been practised in something like 
the same manner. The hydraulic test, applied periodi- 
cally, to once and a half the working pressure, is a 
great security, as those locomotiye engineers who 
employ it well know; locomotive boiler explosions 
being now almost unknown upon those lines where 
this test is applied, while they are comparatively com- 
mon upon oler lines where the test is for some reason 
—probably from a fear of overstraining the boiler— 
objected to. 

f the durability of locomotive engines could be 
greatly increased, so as to enable them to run on an 
average 50,000 miies each yearly, only about one-half 
as many engines would be needed for a given traffic as 
are now employed. This would involve the employ- 
ment of two sets of “ hands,” or men, to each engine, 
in the case of passenger engines; and although there 
are objections to this system, the North London, the 
Metropolitan, and some other lines of railway, have 
long since been compelled to resort to it. There are 
express and other passenger engines which now run 
nearly or quite 200 miles daily for two days, laying 
over for a day or so afterwards. However the dura- 
bility of locomotives can be increased, the subject is of 
great consequence. The London and North-Western 
Railway have between two and a half and three mil- 
lions of money invested in locomotives, the interest 
upon which is, say, 150,000/. yearly, the interest upon 
the cost of each engine being nearly 14d. per train 
mile run, or nearly as much even as the cost of fuel. 








THE OLDER CIVIL ENGINEERS. 

Tue late Mr. Daglish, of Wigan, who died at the 
age of 88, was, we believe, the oldest member of the 
Institution of Civil Engineers. The statement to this 
effect, in an obituary notice in the Zimes, has been 
misunderstood, however, as intended to convey the 
idea that he was elected at an earlier date than any 
other member yet living; so far from this, he was 
elected in 1830, and in respect of the date of election, 
there are many older members yet alive. Indeed, it 
is believed that James Ashwell, one of the original 
founders who met together at the King’s Head tavern, 
in Cheapside, in January, 1818, is still living. Mr. 
W. A. Provis was elected in 1819; Simon Goodrich 
in 1820; George Leather in 1821; Yman Suermondt 
in 1822; George Lowe and Josiah Parkes in 1823; 
P. Hardwick, George May, and Joseph Mitchell, in 
1824; George Parker Bidder and James Simpson in 
1825; P. W. Barlow, John Penn and William Gra- 
vatt, in 1826; Charles Vignoles, Alexander Gordon, Sir 
John Macneill, Thomas Rhodes and William Thorold, 
in 1827; Charles Atherton in 1828; George Turn- 
bull and Richard Beamish in 1829; and William 
Fairbairn, John Miller, William Carpmael, Alexander 
Gibb, and John Wright, in 1830. All these gentlemen, 
we are happy to say, are yet living, and many of them 
are in active practice. ; 








New ReoGutator ror Evecrric Lamps.—A new regulator 
for electric lamps, said to be more portable and simple in con- 
struction than those now in use, has been lately constructed by 
M. Duboseq, under the superintendence of M. Foucault. It was 
brought forward at a recent meeting of the Academy of Sciences, 
at Paris, when it was stated that it had been tried at the light- 
house of La Héve, near Havre, where it had given much satis- 
faction ; the variations in the inter-polar distances being rendered 
ne insensible, and the stability of the light being thus 
ass < 








TIMBER GRAVING DOCKS. 


Tue timber-built graving docks of the port of 
London form a class of works which have never, we 
believe, been described in professional literature. 
There are many, however, of good size, and we can 
hardly understand how it is that they have escaped a 
“paper” at the Institution of Civil Engineers. Mr. 
Kinnipple, elected a member last year, and who has 
been engaged upon a considerable number of these 
works, will perhaps soon lay their details of con- 
struction before the profession. 

The timber-built graving docks on the river have 
cost from 10s. 3d. to 15s. 3d. per yard cube, the 
average of six docks being 12s. 6d. They are, there- 
fore, far cheaper than docks of brick and masonry. 
And it is represented by those who have to do with 
timber-built docks that they do not leak to any very 
considerable extent, and that they are, on the whole, 
very satisfactory in respect of working and mainte- 
nance. Mr. Kinnipple has recently carried out a 
somewhat extensive work of this kind at Limehouse. 
The dock is 360 ft. long on the floor, but, instead of 
having parallel walls, one side is formed with a 
“joggle,” or recess, so that the dock may accommo- 
date two ships at a time, one lapping a little past the 
other. The whole work is in clay, and none of the 
piles, which are 5 ft. apart centres in both directions, 
reach down more than 12 ft. below the floor. The 
floor timbers are spiked to the heads of the piles, and 
are packed beneath with concrete like railway sleepers. 
Over the floor timbers is fastened 3 in. fir planking, 
except for that portion where the blocks bear, and 
which is formed of 4}-in rock elm, worth, say 2s. per 
foot cube. The excavation, in clay, costs, say 1s. 6d. 
per yard, being but a small proportion of the total 
cost. ‘The clay contains springs, having a head of 
water 6 ft. above the dock floor, and to take off the 
water, drains are made beneath the floor. These 
drains, extending longitudinally under the dock, are 
deal boxes or pipes, having their tops and sides bored 
with holes, and they are laid and packed in clean 
gravel. As they fill with water, a small pumping- 
engine draws this away. One side of the dock, ex- 
tending along a range of warehouses, has a brick wall, 
8 ft. thick at the footings, and 6 ft. 6 in. at the first 
course above, diminishing to 2 ft. or so at the top. 
This wall has counterforts at every 12 ft., and 2 ft. of 
concrete at its back. The bricks are very hard, and 
worth 37s. or so per thousand. They are laid in lias 
lime(grey Leicestershire lime) at one half the cost of 
cement, 

Upon much of the ground gy | the Thames, a 
timber bottom is even better than brick for a deep 
graving dock, With any considerable depth of water 
at high tide, it would reach under a brick bottom, and 
cause it to crack, if not to blow up. With anything 
like a yielding foundation, bricks afford no accommoda- 
tion to irregular strains, whereas timber floors will 
give and take considerably. 

At the new dock at Limehouse, Mr. Kinnipple has 
employed a new form of caisson for closing the entrance, 
the entrance being, we should also state, at an angle of 
45° with the foreshore of the river. Instead of ex- 
tending straight across the entrance, the caisson, in its 
horizontal section, bows outward to the river. Ad- 
ditional length is thus gained within the dock, and the 
caisson is also stiffer to resist the pressure of the water 
from without. We believe that the contractors for this 
caisson—the London Engineering and Iron Shipbuild- 
ing Company—found a little difficulty in fitting it to 
two surfaces of stone not in the same plane, but we un- 
derstand that the work has been completed quite suc- 
cessfully. The whole cost of the work was about 
15,0007, 








Prorosep New Srreets.—In the course of their last report 
to the Metropolitan Board of Works, Mr. Seen, the chief 
engineer, and Mr. Vulliamy, the superintending architect, 
propese to form, in connexion with the Thames Embankment, a 
new street, extending from between the new National Bank and 
Northumberland House at Charing-cross, to the new Charing- 
cross steamboat pier. The roadway would be 900 ft. long, 80 ft. 
wide, and have an inclination of 2 in 150; the estimated cost is 
170,0002 The construction of a handsome crescent between 
the Charing-cross and Waterloo bridges, with streets reaching 
thence to the junction of Wellington-street and the Strand, and 
to Bedford-street,‘is also recommended. The expense that would 
be incurred in carrying out these latter works, is roughly 
estimated at about 100,0002, and the total excess over the plans 
sanctioned by Parliament, would tnerefore amount to about 
270,0002. 

Frencn Rarways.—The six principal railways in France 
have an extent of 8166 miles, and earned last year 22,039,997 L, 
being an increase of rather more than 7 per cent. over the previous 
year. Of the railway receipts of all the lines, the Great Paris, 
Lyons and Mediterranean earned — one-third, or 7,209,784/., 
by far the largest earnings of any railway in the world. 
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ON BOARD AN IRON-CLAD. 


We passed the other night very pleasantly on board 
H. M. steam vessel of war, Ironwall, Captain Hun- 
dredpounder. At any rate, these names, even if they 
happen to be fictitious, will answer our purpose. We 
all of us read about each new addition to the iron-clad 
fleet, and some of us write about them, but it sharpens 
the ideas considerably to go on board and examine 
them in detail. The old men-of-war sailed under the 
conditions of light laden merchantmen ; the new ships, 
on the contrary, carry all the weight they can bear. 
They are walled with iron from 4 in. to 6 in. thick ; 
and one ship, the Hercules, will have in all no less 
than 114 in. thickness of iron on a portion of her 
broadsides. Then there are the great engines and 
boilers, and stores of coal, and, besides, the heaviest 
guns that can be carried and worked. - We will look 
for a moment at the weight of a large plated frigate, 
some time since designed, and now under contract on 
the Thames, for the Turkish Government. The ship 
will rate 6300 tons, with an actual displacement of 
9800 tons; the speed to be attained with 1160 
nominal and 7000 indicated horse power, to be 15 
knots. The hull is 365 ft. long, 60 ft. beam, and will 
weigh 4000 tons. The engines and boilers, with the 
water in the latter, will weigh 1100 tons. The ship 
is to have 8 in. side armour, with 10 in. backing, the 
bulkheads, fore and aft, to have 4 in. plates, with 12 
in. of teak. The armour alone will weigh 2800 tons. 
The “ equipment” of the ship will weigh 1140 tons, 
or nearly as much as the engines and boilers, and, 
with all this, 750 tons of coal are to be carried. The 
armour alone will weigh more than the total weight of 
many old ships of the line. The engines, boilers, &c., 
will weigh more than the whole weight of the iron 
hull of the steamship Great Britain, and so will the 
equipment, The engines, with the boilers and the water 
within them, will weigh as much as a column of solid 
iron 5 ft. square and 232 ft. high. Truly, to those who 
do not quite comprehend the question, it must be a 
wonder how such a ship can swim at all, yet the 
heaviest armoured ships not only swim, but some of 
them are particularly lively at sea—vast floating 
fortresses that they are. The more weight, of course, 
the more stability, so long as it is properly carried, 
and thus, although the great rollers of the Atlantic, or 
of the Bay of Biscay, will toss the monster of ten 
thousand tons like a floating toy, to and fro, from side to 
side, and up and down, yet in harbour it is literally as 
stiff as a church, or as stiff as the Great Eastern in 
the Solent or in the Medway. It is this seeming 
immovability that impresses one most, perhaps, on 
coming on Bo after a lively tossing in the captain’s 
launch. 

After a glass of wine in the captain’s cabin, which is 
as cozy as one’s own study at home, the next thing is 
to visit the battery. We must not say how many guns 
are mounted, else we should perhaps let out the real 
name of the ship. But we may say that they were 
made at Woolwich, and that they are Somerset muzzle- 
loading guns, of 6} tons weight, and 9 inches smooth 
bore, firing 100 1b. spherical shot, with 25 Ib. charges. 
They have each fired upwards of 130 rounds, and, as 
might be expected, not a crack can be seen in the 
paint where the respective jackets of coils overlap each 
other. It need hardly be said that smooth bore guns, 
firing spherical shot, are seldom overstrained. It is 
the rifling that tells in firing guns @ Poutrance. It is 
not long since Captain Fishbourne told the Royal 
United Service Institution, that in one of the so-called 
Armstrong guns, it required a pressure of no less than 
40 tons to start a shot through the rifling, and that, 
once started, a pressure of 10 tons was requisite to 
continue the movement. 

This ship is not like all iron-clads, and it takes in a 
good deal of water in a sea-way. We have no oppor- 
tunity of seeing this where we are, riding at anchor, 
but we hear enough from the officers to satisfy us. 
The ram—for the Ironwall has a beak—goes under 
the water, and there is no bow to ride well over the 
waves. Besides this, the decks are low, and the weight 
is to a great extent amidships—including the weight of 
engines, boilers, and coal, and the weight of guns, and 
of the principal portion of the plating. 

After supper we “turn in.” The chief engineer is 
ashore on leave, and we occupy his cabin. It is as com- 
fortable and as well appointed—indeed better—than the 
state rooms of the Cunard steamers, or those of the 
Southampton and Alexandria division of the P. and O. 
Co.’s fleet. There are several inches thickness of iron 
at the back of the berth, and the. stiffly flanged deck-, 
beams turn down and join the ship’s frames just over 


where we lie. But the berth, although not large, is as 





neatly clothed as our own, bed at home ;, the ironwork 
is all painted a.clear white, the port is large,.and can 
be opened in a moment to give ventilation ; the cabin 
is warmly carpeted, the dressing-table is of good size, 
and fitted better probably than a state minister’s cabin 
would have been a hundred years ago, and there is a 
little library of books in racks at the bottom of the 
berth, and two or three of Baxter’s oil prints, in colour, 
at the head and foot. There are the Princes in the 
Tower, and they almost impart to you their own deep 
anxiety and childish fear as they gaze one with looks of 
sadness the other with terror, at the door at which 
their only companion, a spaniel, is barking at some 
strange and premonitory sound without. Here is 
Cromwell, too, belted and plumed, holding open the 
lid of the coffin enclosingthe ghastly corpse of the first 
King Charles. Here are books. cabinet volumes, 
indeed, but among them good sound books, such as an 
engineer may read with advantage. There are Dickens’s 
and Scott’s and Marryat’s novels, but there are 
Bourne’s Catechism of the Steam Engine, Dr. Brewer’s 
Popular Questions and Answers, Maunder’s Treasury 
of Knowledge, the Queen’s Regulations, the Naval 
List, Porter on the Indicator (Richards’s), Moles- 
worth’s Pocket Book, &c., &c., and here are a few 
indicator diagrams from Messrs. James Watt and Co.’s 
engines on board, 

In the morning a capital breakfast, and then the 
men are called to prayers, Captain Hundredpounder 
himself reading the collect clearly through, with his 
men gathered around him in the battery, amid Somerset 


ns and festoons of carhines and Colts’ revolvers. | P 


here is something in the responses of the gunnevs 
which comes home to one as if we were going inco 
action, and were praying that the right might be on 
our side. A few moments later and the drums beat 
to quarters, the officers put on their swords, the 
surgeon spreads out his dread paraphernalia upon two 
of the midshipmen’s chests on the orlop deck, and a 
boat’s crew is sent 500 yards to leeward to set up a 
target, consisting of a cask transfixed by a staff bearing 
a red fag. We have asked permission to fire the first 
gun, and are permitted to do so. Inthe mean time, 
with half an hour occupied in planting the target, 
the men are put to work the guns. To each 6} ton 
gun, with the ordinary tackle, there is a crew of nine- 
teen gunners. To one gun fitted with Captain Scott’s 
tackle but nine men are told off. Captain Hundred- 
pounder gives the words of command, and from the 
word “point” the gunners are put through all the 
movements of aiming, firing, running in, sponging “and 
loading, in 45 seconds. In actual firing the recoil of 
the gun saves the time oceupied in running in at gun 
drill without powder. On one occasion, with Captain 
Scott’s tackle, twenty shots were fired from one of 
these guns in 11 min. 3 sec. 

At last the target is planted, and we turn to the 
shotted guns on the starboard side. The captain of 
the gun trains one of them upon the target, and hands 
us the lanyard. We give a firm but not a strong pull 
upon the friction tube, and with a crash that shatters 
the glass in one of the cabin hatchways, and drives in 
a light bulkhead enclosing the officers’ smoking-room, 
away goes a 100 Ib. shot, and the gun jumps inboard 
as if it were a cork released from a huge bottle, or a 
shuttle struck by the picker of a power loom. Crash, 
and a distant shriek following it, as the shot at point 
blank range tears into the far off water, throwing it up 
in great columns, one after another, successively, as 
the shot ricochets and plunges on and on; in the line of 
fire. The master, pacing over the battery, calls out 
that the shot went two feet to the right of the target. 
Another gun is trained upon it almost in an instant, 
and away go the shot, one after the other, each with a 
roar that shakes every beam in the ship, until one ball, 
fired with a 25lb. charge, cuts down the staff, and 
leaves the target out of sight, thus ending the gun 
practice for the morning. 

There are boats’ crews near the target, and between 
our fire they pull for the spot where they have seen 
the shot go down in its final plunge, and place a stake 
there, for we are firing over a marsh covered by no 
more than 4 ft. of water at half tide. These fellows 
almost dodge our fire, as they go out and in almost 
within range. For every shot they recover by dredg- 
ing, they obtain a farthing a pound at the dockyard, 
or 2s. 1d. for each of our 100 Ib. shot. Out of range 
lies the old ems ay the two-decker, Heart of 
Oak (this name will do just as well). It strikes 
strangely now upon the mind to reflect that such ships 
once the sea. Why, one of our shot would make 
an opening almost like a railway tunnel through her, 
from stem to stern, cuiting, down every mast. one after 
the other, Wé.,would as. soon . expect, to. see the 





Crystal Palace going into action as the Heart of Oak. 
But the means of naval. offence and defence will never 
be settled, and our ship, the Lronwall, from whose 
gangway we now row away with a boat’s crew, every 
one of whom would if asked head a boarding party to 
storm an Algerine pirate—the Ironwall will, some of 
these days, be comparatively as defenceless against the 
later means of attack as the old training ship, the 
Heart of Oak. 








PHOTO-RELIEF PRINTING. 

Ar a meeting of the London Photographic Society 
held on the 12th ult., a paper was read by Mr. Wood- 
bury, on a new process, by which cheap and permanent 
photographic prints can be expeditiously obtained. 
The principle upon which the process is based was 
shown by a small bath, composed of two pieces of glass 
arranged in a V shape, meeting at the bottom and 
widening out at the top to the space of about 1 inch. 
This was filled with a solution of gelatine and colour. 
At the top of the bath where the thickness was greatest 
the colour appeared to be black, and it became gradually 
paler as the Thetbans was approached, where it merged 
into white. Now by having a metal intaglio mould in 
which the dark parts of a photograph are represented 
by a deep hollow, the middle tints by hollows half that 
depth, and soon until the highest surface of the mould, 
which represents the whites of the photograph, is arrived 
at, then, by filling this mould with coloured gelatine, a 
icture is obtained, in which the various shades are 
produced by the difference in the depth of the filling 
mixture. by laying a sheet of paper or glass on the 
mould and squeezing out all the superfluous matter, 
the gelatine on settling is ntade to adhere to the paper 
or +o and can be lifted from the mould. This con- 
stitutes the whole principle upon which the process is 
based. In carrying it out practically a print is first 
obtained by subjecting a plate of gelatine sensitized with 
bichromate of ammonia, to the action of light under a 
negative in the ordinary way, and then washing away all 
the soluble parts; leaving a mould in different degrees of 
relief according to the extent to which the light has been 
allowed to act upon the gelatine. This mould when 
dry is placed in contact with a plate of soft metal, and 
then put in an hydraulic press and subjected to a pres- 
sure of about four tons per square inch of surface. 
By this means a metallic mould is obtained which is the 
reverse of the gelatine plate, and this mould can be 
employed to receive the translucent ink, by which the 
picture can be registered upon the paper in the manner 
already devaivel The gelatine plates can be used for 
making any reasonable number of metallic moulds, and 
by the use of three of these, with three presses, one 
person who has had practice can turn out as many as 
three prints per minute, while the cost for materials is 
very slight. The colouring matter employed by Mr. 
Woodbury consists of lamp black, crimson lake, and 
sepia, and he has found that a soft negative is most 
desirable for the process. 








THE CEYLON RAILWAY. 


Iw adopting the Indian, or 5 ft. 6 in., gauge, for the 
Ceylon Railway, we believe that Mr. Gregory contem- 
plated its possible junction in the future with the rail- 
ways of India. Ceylon, nearly one-half as large as 
England, is separated from the Indian coast by the 
G 


of Manaar and Palk’s Straits, the water being 
about 40 miles across at the narrowest part. But 


nearly across this distance extends the remarkable bank 
of sand known as Adam’s Bridge, This bank, formed 
apparently by the action of the currents of the seas on 
either side, is about one-fourth of a mile in width, and 
it is believed to be only 3 ft. or 4 ft. under water, at 
any part, at full tides, Much of it, indeed, is per- 
manently out of water. Upon ‘Mr. Brunlees’ plan of 
sinking piles with disc bottoms, it is reasonable to 
suppose that a permanent line of railway might be 
carried across the whole extent of these sands, from 
Ceylon to India. Of course such a work would be one 
of the future, as no present exigency could be assigned 
for such an undertaking. It would, if carried out, be 
literally a railway in the sea, for the eye has little or 
nothing to rest upon to distinguish Adam’s Bridge 
from the Bay of Bengal and the Indian Ocean on either 
side. Such an undertaking, if it be ever seriously pro- 
posed, would form a great engineering work. Fancy 
the pier at Brighton extended to France! Of course 
the Tinglish Channel opposes. too great depths for such 
a work, but even if there were but.a few feet of water 
in the way,, such a, structure would be most extza- 
ordinary, in respect of its length and site. . 
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with, in most cases, excellent results. 
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SCALE ‘ 


SMALL LOCOMOTIVES. 


In many of our colliery districts and at almost all our slate D gacally so narrow, being sometimes as little as 18 in., as to 
quarries and chalk pits are to be found railways or tramways | render it necessary to place the boiler, tanks, &c., entirely abo 
laid to a very narrow gauge. Until within the last few da 
the haulage on these lines was performed almost exclusiv 
horse power, but recently small tank engines have been employed 
circumstances under 
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THE LONDON AND NORTH-WESTERN RAILWAY ENGINE “TINY.” 





, which these engines have to work are such as to demand many 
| peculiarities in their construction. In the first place the gauge 


the wheels; the curves are also generally very sharp, an 


over of the roughness of the ! 
and the parts generally stronger, in vroportion to the weig 


ve 
very 


ent! uired. On account more- 
sent, the springs have to be cep 
t 










O 


FEET 


the engine, than in the case of ordi locomotives, and , 
simplicity and cheapness ame are particular 
essen 


More than twelve years ago, Mr. Isaac W. Boulton, of Ashton- 
under-Lyne, made a small locomotive for the Marly Hill Coal 
and Coking Company at Grimsby. This engine had 5$in. 
cylinders, with 12 in. stroke, geared two to one to four wheels, 
2 ft. Gin. in diameter. It weighed in working order less than 
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five tons, and for four years did more work than nine horses, at 
a total cost of 51. per week. Another engine was made by the 
same maker in 1861, for a railway at Wigan, laid with a 2 ft. 
gauge. The line is one mile in length, an for a con- 
siderable distance through a tunnel only 6 ft. 6 in. high; it has 
an incline of 1 in 387, extending for 225 yards, the remainder 


rising 1 in 50 and 1 in 70, and has several curves of 27 ft. radius. 
The cylin 


of the engine are 54in. in diameter, and 12 in. 


stroke; they are geared to wheels 2 ft. in diameter, and 3 ft. 6 in. 
apart from centre to centre, the crank shaft making two 
revolutions to one of the driving wheels. ‘The working pressure 
is 60 lbs. per square inch, and the weight of the locomotive in 
running order, 8 tons 12 cwt. The engine has frequently taken 
a train, consisting of twenty-two empty wagons, each weighing 
12 cwt., up the incline above mentioned, the total load, including 
the weight of the engine, being thus 16tons 16cwt. Messrs. 
Manning and Wardle, and Messrs. Hudswell and Clark of 
eds; Mr. Smith of Coven, near Wolverhampton, and several 
other firms have made small engines for colli urposes, and 
the Neath Abbey engine in the lntevaationsl Exitbition of 
1862, was for a 2 ft. 8in. gauge. 
In April last the attention of engineers was directed to narrow 
gauge lines by a a> on the Festiniog Railway, read by Captain 
Tyler before the Institution of Civil Engineers; and many 
members of the profession were ne doubt surprised to hear that 
a line in Wales, laid to a 2 ft. gauge, had then been for some 
months regularly worked for passenger traffic. The Festini 
line is thirteen miles in length; it commences at Portmadoc an 
passes along the Traeth Mawr embankment to the summit 
station at Dinas, the average gradient for 12} miles being 1 in 
92. The engines employed were designed by Mr. G. England, 
under the direction of Mr. C. E. Spooner, the engineer to the 
company. They have outside cylinders 8 in. in diameter and 
12 in, stroke, and are carried upon two pair of coupled wheels 
2 ft. in diameter, and placed at 5ft. centres. The water tanks 
surround the boilers, and the coal is carried in small four-wheeled 
tenders. The engines weigh, in working order, 7} tons, and cost 
900/.; they are worked at a maximum pressure of 200 Ib. per 


loaded. Both the tank and coal box are situated above the 
boiler, the tank, which holds 28 gallons, being lowermost, and 
filled through a tube passing through the coal box. The boiler 
is fed by a pump worked from one of the crossheads, and also 
by a No. 2 Giffard’s injector. The engine is 7 ft. 7 in. long over 
buffer plates, and 2 ft. 6 in. wide, and its total weight in working 
order is 24tons. In addition to being used for the transfer of 
materiaJs, it is employed for “fly shunting” the large wagons 
wherever it can be so applied, the rails upon which it works 
being for part of their length parallel to those of the ordinary 
gau, he “Tiny” was set’ to work in May, 1862, and 
another engine on the same plan has been recently constructed. 
The narrow panes line has, we believe, been extended throughout 
the new steel works which the London and North-Western Rail- 
= Company have nearly completed at Crewe. 

here seems little doubt but that small locomotives of 
a class resembling that above described, can be profitably sub- 
stituted for horses in many situations, and as an poomeces of a 
good arrangement for such engines, we think that the drawings 
now given will be useful to our readers. 








BREWING.—Sir Fitzroy Kelly, or, as the Times calls him, 
“ Sir John Barleycorn,” says, in a letter to the great journal :— 
‘* The price of beer to the purchaser is compounded of the cost 
of the barley and of converting it into malt, the duty upon the 
malt, the profit of the maltster upon the sale by him to the 
brewer, the cost to the brewer of the hops, the cost of brewing, 
the profit of the brewer upon the sale by him to the consumer, 
and, when he sells 10 the retail dealer, the profit of the retail 


































square inch, and take up a load of 50 tons, exclusive of the weight 
ot the engine and tender, at the rate of ten miles an hour. 
In Norway, two railways, one 24 miles long, extending 
from Grendsett to Hamar, with gradients of 1 in 70; and the 
other, 30 miles long, between Frondlijen to Staren, with gradients 
of 1 in 42; and both laid to a 3 ft. 6 in. gauge, are worked by 
engines weighing 14 tons, the average speed, including stoppages, 
being 15 miles ‘per hour. 
likely to be adopted as the standard one for that country. In 
Rhenish-Prussia some of the mineral lines, having a 25 in. gauge, 
are regularly worked by small locomotives. Some of these 
engines, weighing, in working order, 10 tons, are found to take, 
upon a tolerably level road, a load of from 90 to 150 tons, ac- 
cording to the state of the rails, &c. ; on an incline of 1 in 100 the 
load varies from 40 to 70 tons. The cost of these locomotives is 
7201, and smaller engines, weighing, in running order, 6 tons, 
and costing 4501. are also in use. 
The engine “ Tiny,” of which a longitudinal section, plan, and 
transverse sections are given in the accompanying illustrations, 
is probably one of the smallest locomotives ever used for any 
practical purpose. It was designed by Mr. Ramsbottom (by whom 
the working drawings from which our engravings were prepared 
were kindly furnished), and is employed at the London and 
North-Western Railway Works at Crewe in conveying from one 
rt of the works to another, stores and materials of various 
inds, its load being from 12 to 15 tons. The line upon which 
it works is about a quarter of a mile in length; it is laid to a 
gauge of 18 in., and has several reverse curves of 15 ft. radius. 
The engine has inside cylinders 4} in. diameter, and 6 in. stroke, 
and the wheels are 15} in. in diameter, and placed at 3 ft. apart 
from centre to centre. The boiler, which is 4 ft. 6} in. long, 
between end plates, and 2 ft. diameter outside, is made of two 
lates ‘‘ butt jointed.” It contains a flue or firebox 2 ft. 5§ in. 
ong, and 1 ft. 5} in. diameter inside, the firebox being forged 
solid out of one plate, es shown on the drawings, and flan 
over at the end for attachment to the end plate of the boiler. 
The firebars are 16 in. long, and abut at their inner end ui 
a fire-brick bridge, this bridge being made with a lvose brick at 
the bottom, which can be removed when it is required to draw 
out the ashes from the back of the bridge. From the firebox 
87 tubes, 1} in. diameter outside, and 2 ft. long, extend to the 
front of the boiler, the front end of the firebox forming the tube- 
plate being thickened to § in. On the top of the boiler is 
placed a steam dome 12 in. diameter inside, and 3 ft. high, 
and on the top of this are fixed a pair of Mr. Ramsbot- 
tom’s patent safety valves. The dome contains the regula- 
tor, which is an ordinary brass cock worked as shown in 
the longitudinal section: the pipe by which the top of the glass 
water gauge is connected with the steam space is also led to it. 
The smokebox is 8} in. long, and the chimney 6 in. diameter 
inside, and 10 ft. Of in. high from rail level to top. The back- 
plate of the boiler is extended upwards for attachment to the 
tank and coal box, and downwards for connexion with the 
frame, to which latter it is attached by means of angle irons. 
The internal tube surface is 30.27 square feet, and the firebox 
surface 7.4 square feet, making the total heating surface 37.67 
square feet. The frames consist of wrought-iron plates 7 in. 
deep, 3 in. thick, and placed 1 ft. 1f in. apart. The hornplates 
are in one piece with the frames, and the axle box guides are 
formed by thickening the frames as shown on the plan. The 
frames are connected by buffer plates at each end, by the lower 
part of the backplate of the boiler, and by plate stays to which 
the guide bars are attached; this last mentioned stay is also 
secured to the boiler. A wooden buffer beam 7 in. by 3 in. is 
also placed at the front end ‘of the engine. The cylinders are 
secured to the frames by flanges as shown in the transverse 
section through them. The steam ports are 3 in. by } in. and 
the exhaust ports 3in. by 1 in.; the slide valves are of brass 
and are driven by a shifting link motion of the ordina: 
construction. The pistons are of wrought iron, forged solid wii 
the piston rods, and these latter are screwed into crossheads 
which embrace a single guide bar-placed above them. The 
coupling rods are made without brass bearings, and the 
connecting-rods have them at the crank end only. The 
crank bearings are 14 in. long and 2} in. diameter; the axle 
bearings are 3} in. diameter and 2 in. long, and work in brass 
axle boxes, and the wheel seats are 3 in. diameter and 2} in. 
long. The wheels, which as we have already stated are 15} in. 
diameter, are of cast iron with steel tyres 3 in. wide; those at the 
| g end are fitted with an ordinary brake as shown on the 
res. 
The engine is carried upon four india rubber springs, each 





The gauge of these lines appears 


dealer upon the sale by him to the purchaser at the bar or in 
the taproom. Now, if any gentleman who happens to possess 
a brewhouse will purchase one or ten quarters of barley, send it 
to a maltster to be malted, pay him the cost of malting, and 
then the duty upon the somewhat larger quantity of malt pro- 
duced, then purchase the hops and brew the whole into beer, he 
will find that his actual outlay has been about 64s. a quarter, and 
if he add to this 5s., for the cost of brewing, he will have brewed 
for 69s. or 70s., 144 gallons (or with ten quarters of barley, 
with which this process has lately been gone through, 1440 
—— of beer as good as that which is now sold by private 
rewers to families at 1s. a gallon, and better than that sold by 
= at the bar for 16d., and in the taproom at 20d. The 
ifference between the cost to the producers and the price to the 
consumers is the aggregate of the profits charged, and if the out- 
lay be traced through all its stages, from the purchase of the 
barley to the sale of the beer, the duty and its proportion of the 
profits will be found to amount, as nearly as possible, to one- 
third of the whole price to the consumer. Iam aware that one 
of our great brewers—Mr. Hanbury, I think—has asserted in 
the Times that the cost of brewing is 25s. upon the quarter of 
malt, which would, no doubt, make the malt tax proportion of 
the price a fourth instead of a third. To this I can only say 
that in the process I have described, and which any gentleman 
who has a brewhouse may test for himself, the cost of fuel, and 
a large allowance for labour and the interest of capital and wear 
and tear of brewhouse and vessels, fell short of 5s.; and we have 
the high authority of Mr. Bass, one of the largest and best 
brewers in England. that no farmer or labourer or other private 
individual can compete in the cheapness of brewing with the 
great established brewers.” 
Wictsuire Stonre.—Salisbury Cathedral, Wilton Abbey, 
Tisbury Church, and other venerable buildings in the South of 
England, were built of stone from Ohilmark and neighbouring 
uarries. There are fine beds of like stone, identical with the 
ortland oolites, at Tisbury, Wilts. These beds vary in texture, 
the upper being a stiff roach, of which large blocks are readily 
obtained, and is suitable for heavy works, such as bed stones for 
engines, girders, machinery, &c., or for waterworks. The under 
$ produce a stone of fine texture, which is well adapted for 
carving mouldings, balusters, plinths, cornices, copings, sills, 
ashlar, and for building purposes generally. The Tisbury stone 
is being now used in the restoration of Salisbury and Chichester 
Cathedrals, and it has been employed also in the erection of 
several buildings in London; the Dutch Church, Austin Friars ; 
St. Paul's Schools, on and in several warehouses and 
erections of a similar kind, and is found to withstand the action 
of the London atmosphere. 
New Artesian WELL 1x Parts.—A new Artesian well is 
now being formed at Paris, at a point named Butte aux Cailles, 
in the 18th arrondissement (Gobelin). This is the third well 
with which Paris is provided, and it has already been sunk to 
the depth of about 270 ft., or about 67 ft. below the level of the 
sea, the bore being two metres, or about 6 ft. 7 in. in diameter. 
Considerable inconvenience has been caused during its construc- 
tion by its passing through several intermediate sheets of water 
which it was necessary to exclude. This was done in the first 
case by the introduction of iron piping, and in the second by a 
lining of wooden staves; and a stratum of clay being then met 
with, the masonry was carried down without difficulty to about 
16} fr. above the sea level. A layer of agglomerations was then 
struck, and so much water was admitted, that pumps of 20 h. p. 
had to be resorted to in order to keep the works clear. This 
stratum was found to be so bad, that it was determined to pro- 
tect the perforation by an increased thickness of pow a and 
in order that the size of the bore might not be diminished, it 
became necessary to enlarge the diameter of the upper part to 
two metres, or about 13ft. 2in. This having been done, the 
boring was continued through a stratum of pivolithic limestone, 
until, at the level of the a layer of tubular chalk was 
reached, through the holes in which immense quantitiesiof water 
entered. While this was being removed by the pumps, a “curb,” 
or ring of oak, was laid at the bottom of the bore, and upon this 
was built a cylinder of brickwork. The space between this 
cylinder and the chalk was then filled in with concrete, between 
48 and 47 tons being employed, and after this had set the brick- 
work was removed, and the well sunk to its ead depth, at 
which another sheet of water has been met with. k 
Borter Expioston.—On Friday last, a boiler explosion oc- 
curred at # cotton-spinning factory in Calton, Glasgow. The 
engineman and two girls employed in the factory, were unfortu- 
nately killed, and several others injured. The value of the 





consisting of a pad 10in, by 2¢in., by about 2in. deep when 





property destroyed, is estimated at 3000/, 
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HYDRAULIC PRESS CYLINDERS. 


More than thirty years ago, Professor Barlow gave 
to the Institution of Civil Engineers a paper upon 
hydraulic press cylinders, or more particularly upon the 
strains exerted, by a given heomat ressure, upon dif- 
ferent portions of their thickness. His investigations 
have since led to much additional inquiry, and 'it-has 
now for a considerable time been genteel understood 
by engineers that within certain limits no additional 
thickness of solid metal can increase the bursting 
strength of a press cylinder, or a gun chamber of given 
internal diameter. The reason is a very simple one 
when a moment’s reflection is given to it.. If we have 
two bars of iron, each an inch square, the one 10 ft. and 
the other 100 ft. long, we know that with equal ten- 
sional strains (within the limit of elasticity) the longer 
rod is stretched ten times more than the shorter one. 
The extension is simply a factor of the length. Now 
the outer portion of a thick tube has a greater circum- 
ference, and hence, we may say, more length for exten- 
sion than the inner portion. Suppose half an inch in 
thickness of the metal surrounding the inner circum, 
ference of a gun to be extended 4th inch in diameter. 
If communicated to the next half inch thickness out- 
side of that just considered, the strain would be exerted 
upon a hollow cylinder or ring rather more than 3 in. 
greater in circumference than the inner ring, and thus 
the extension of the outer layer would be as much 
greater as its diameter was greater than that of the 
inner layer. But by so much as its diametrical or cir- 
cumferential extension exceeds that of the inner layer- 
by so much will the inner layer be left to itself to do 
the work imposed by the internal strain. If we have 
two hollow cylinders, one fitting closely within the 
other, as in an Armstrong or Blakely gun, and re- 
spectively 10 in. and 20 in. in internal diameter, the 
strain which would enlarge the inner cylinder jth in. 
in diameter would stretch the outer one 7,ths in. Thus 
it is clear that if the outer cylinder is extended more 
in circumference than the imner, by a given strain, the 
inner cylinder is left to itself to do the work. 

Professor Barlow reasoned this out clearly, and ex- 
pressed the result mathematically; but gave the real 
result, verbally, thus :—‘ The extension of the exterior 
“surface is to that of the interior as the interior 
“ diameter to the exterior.” 

Taking the bursting strength of the cylinder—a 
strength only to be approached from afar in practice— 
say to one-third the bursting strength. Professor Barlow 
deduced the following rule for the thickness of the 
metal walls in all cases :—“ Multiply the pressure per 
* square inch by the radius of the cylinder, and divide 
“the product by the difference betwen the cohesive 
“ strength of a square inch rod of the metal, and the 
“ pressure per square inch, and the quotient will be 
“ the thickness required.” From this conclusion, now 
generally adopted, it has been deduced by many able 
inquirers that the bursting strength, or internal tens 
ing pressure, per square inch, of any cylinder can 
never exceed the tensile strength of a 1 in. square bar 
of the material of which the cylinder is formed. That 
is to say, a gun, made from steel of a tensile strength 
of 100,000 lb. per square inch cannot withstand a burst- 
ing force greater than 99,999 lb. per square inch of its 
internal surface. We need not go into the mathe- 
matical demonstration of this rule, but it is one now 
generally adopted. 

All guns must fail, sooner or later, from the cracking 
of the inner surfaces cf the “bore.” The inside will 
always fuil first, and no amount of extra thickness can 
save them. Thickness is now oftener given for weight, 
to prevent recoil, than as a security against explosion. 
To obtain the greatest force of the powder, the gun 
should be of great weight. In the case of hydraulic 
press cylinders, with which we commenced this notice, 
it will be found that for the extreme pressures now 
required, steel inner tubes, and outer rings of steel 
shrunk on under considerable initial tension, will 
prove the best. 


Raitway “ Systems.”—The Paris, Lyons, and Mediterranean 
Railway, is the largest undertaking of ‘the kind in the world. 
It comprises 2006 miles of line, earning not far from 150,0002 
weekly. Next in length comes the Paris and Orleans, with 1821 
miles; then the South Austrian, with 1658 miles; then the 
Eastern of France, with 1551 miles; then the Grand Trunk of 
Canada, with 1377 miles; next, and sixth on the list, the Great 
Western (England), 1280 miles ; and after this the London and 
North-Western, 1274 miles; the North-Eastern, 12064 miles, 
&c. &c. The East Indian line now has 1129 miles open, and is 
earning as much weekly as our own Great Northern. 

Tue Late Mr. Josern Locker, C.E.—A statue, to the 
memory of the late Mr. Joseph Locke, C.E., M.P., has for some 
time — bom in Barnsley yy awaiting the ceremony of 
unveiling. is was appointed to take place yeste 
Alfred Paget having tnlestabed the task on 





LOCOMOTIVE TRACTION. 


We do not know how it is that Pambour’s formula 
for computing the tractive force of locomotive engines, 
is not more widely employed by engineers. Given the 
mean cylinder pressure, throughout the stroke, the 
common pe is to multiply it by the area of both 
pistons, and this product by twice the length of the 
stroke in feet, and lastly to divide the last product by 
the circumference of the driving wheel. The rationale 
of this mode of calculation, is perfectly clear. The foot 
pounds of work delivered from the pistons, in a double 
stroke, is the product of the total mean pressure upon 
both pistons multiplied by the distance through which 
this pressure is exerted—this distance being the length 
of the double stroke, or 4 ft. for a 2 ft. stroke. In the 
mean time the driving wheel revolves once, and hence 
the corresponding mean tractive force at its periphery 
—supposing no friction within the engine—is the 
quotient obtained by dividing the foot pounds of work 
done by the pistons in a double stroke, f the periphery 
of the bend. Thus, with a 2 ft. = tn by and a 7 ft. 
wheel, the total medn steam pressure exerted through 
4 ft., on both strokes is expended (less friction) at the 
periphery of a wheel moving through 22 ft. in the same 
time, the tractive force being in this case, two-elevenths 
of the total mean pressure on both pistons. 

But the computation requires that the areas of the 
pistons, and the circumference of the wheel, shall be 
calculated, or else taken from tables, respectively of 
areas and circumferences of circles. Pambour’s formula 
is far simpler, but those who are not accustomed to 
employ it, are often <a to imagine that it is somehow 
erroneous in a e. It is, stated verbally, as 
follows :—Multiply the square of the diameter of the 
cylinder, by the mean pressure per inch, and this pro- 
duct by the length of stroke, and divide the final pro- 
duct by the diameter of the wheel. The length of 
stroke and diameter of the wheel, are to be in the same 
terms, whether feet or inches. Stated in algebraic 
form, the following is the expression : 

@ilp 
Dp =? 


where d represents ‘the diameter of the cylinder, /, the 
length of stroke ; p, the mean —— in pounds per 
square inch ; D, the diameter of the driving wheel, and 
7’ the tractive force. If / be exactly one-half, or one- 
third, or one-fourth of D, then, without the complete 
course of multiplication and division, we know that 7’ 
will correspondingly be one-half, or one-third, or one- 
fourth of the product of dp. 

It may be easily understood how such a formula, 
which the writer can generally employ mentally, obtain- 
ing exact numerical results for most sizes of engines, 
was deduced by Pambour. First, let us examine the 
principle upon which the area of a circle may be com- 
puted. If we divide a circle by a great number of 
radii, we find that the space enclosed between any two 
of these and the circumference is a triangle with two 
straight sides, and the third practically straight. Each 
of these triangles has, then, an area equal to one-half 
the product of its length into its height or width across 
the end. But the sum of the widths of the outer ends 
of these triangles must make up the whole circum- 
ference of the circle within which they are included. 
Therefore the radius, or half-diameter of the circle, 
multiplied by one-half its circumference, must give the 
area of all these triangles, and, thus, the area of the 
circle itself. Hence the old rule for finding the area of 
a circle ; multiply half the diameter by half the cir- 
cumference, and the product is the area. The result 
is, necessarily and geometrically, the same as that 
obtained by multiplying the square of the diameter by 
0.7854. For Pambour’s formula, we must employ the 
old rule, and the ratio of the circumference of a circle 
to its diameter may be expressed by *. Then the area 





dd 
of one piston will be g 9, and the area of two pistons 


will be twice this. If p represent the mean pressure 
per square inch, and 7 the length of stroke, the foot 
pounds of work during both strokes of both pistons 
will be expressed by - 
2 es pel 
2 2 

The tractive force at the periphery of the driving wheel 
will be the quotient obtained by dividing this quantity 
by the circumference of the wheel. Let D represent 
its diameter, in the same terms of measurement, 
whether in feet or inches, as / represents the length of 
the stroke, d being always taken in inches. Taking 7 
as before as the ratio of the circumference to the 
diameter, or, in other words, putting * to represent the 





quantity 3.14159, the periphery of the wheel wiil be D™ 
and the tractive force 


dd 
$=. «gsi 
3 2? 
a 
Here we can at once cast out the ratio 7, as it occurs 
both in the numerator and denominator. We can 


multiply : by 4 obtaining 4 but as the whole num- 


ber 2 occurs twice in the numerator, the multiplica- 


, - : 
tion of ; x2x2 results merely in d?, and hence the 


formula is simplified to d? p qo T 


D 

We need hardly say that we have given this ex- 
tended explanation for the benefit of those who are not 
familiar with algebra. Most persons, with ordinary 
powers of mental calculation, can square the diameter 
of a 15 in., or a 16 in., or 17 in, or 18 in. cylinder in 
the mind, the respective squares being 225, 256, 289, 
and 324. If the engine work with 100 lb. mean steam 
pressure on the pistons, the product of d*p is respec- 
tively 22,500, 25,600, 28,900, and 32,400. Ifthe stroke 
in each case be 2 ft., and the wheel 6 ft., the correspond- 
ing tractive force of the engine, in pounds, will be one- 
third of these quantities, or 7500 Ib., 8533 lb., 9633 lb., 
and 10,800 Ib. But whether, as the writer is in the 
habit of doing, these computations be made in the 
mind, or whether they be made upon paper, neither 
the area of the pistons nor the dasadidines of the 
wheel has to be computed or taken from a table. 








THE ORIGINAL SCREW PROPELLER. 


THREE years ago yesterday (January 18, 1863), a 
statue of Josef Ressel was erected in the square, oppo- 
site the Polytechnic Institute of Vienna, commemo- 
rating him as the original inventor of the screw 
propeller. Ressel was born in Bohemia, and, at the 
time of his engineering labours, held an appointment 
in one of the departments of the Austrian government, 
we believe it was that of Woods and Forests. In 
1826, he worked a small screw propeller by means of 
the strength of two men, in a boat upon the Danube. 
In 1829 he fitted a screw, of 5 ft. diameter, to a boat 
then at Trieste, and with a six-horse engine he steamed 
out to sea, and attained a speed of six miles an hour. 
This screw, of which Mr. Bennet Woodcroft has a 
sketch, had one half of a convolution, being shaped 
like a portion of the blade of an augur. On returning 
from sea, some trouble was experienced with a leaky 
steam joint in the engine, and the police, acting under 
the authority of a paternal government, forbad all 
further trials of the apparatus. Ressel died in 1857, 
and Herr Karmarsch gave a comparatively full account 
of his labours in Unsere Zeit tor July, 1868. Mr. 
Woodcroft has, however, additional and exact infor- 
mation upon the matter. When the Americans take 
the trouble to place all their mechanical achievements 
on record, it will be found that John Cox Stevens was 
one of the first, if not the very first, to apply the screw 
propeller to a steamboat. This was in 4804. The 
a, we believe, is still in existence, and it has 
een seen by many gentlemen of our acquaintance. 
Mr. Stevens was a wealthy, and withal an ingenious 
merchant, living in New York. He patented one of 
the first tubular boilers in England, in 1806, and was 
one of the most successful pioneers next to Fulton and 
Chancellor Livingston, in the introduction of steam 
navigation upon the River Hudson. Tis sons were for 
a long time leading engineers in the States, and were, 
at the same time, ) Ben. capitalists. One of them was 
the designer and owner of the Stevens battery, of 
which a good deal was heard three or four years ago. 
It should not be forgotten that Watt, in a letter to a 
friend, in 1770, proposed and made a sketch of a 
“ spiral oar,” much like Ressel’s, and besides other 
inventors who patented the screw in various forms, that 
remarkable locomotive engineer, Richard Trevithick, 
also described it in practical terms in the specification 
of his patent of 1815. It may be truly said that the 
occasion suggests the invention, and the success of 
later inventors, say Ericsson, Woodcroft, and F. P. 
Smith, has been to a great extent the result of oppor- 
tunity. 





Tre Soutn-Easrern Rartway.—At an animated meetin, 
on Thursday week, the South-Eastern proprietors sanctione 
the directors’ schemes for new lines and works, to cost 4,000,0004. 
or thereabouts. These include Mr. Hawkshaw’s great line to 
Brighton vid Lewes, and the new lines in the Borough. Mr. 
Bell, however, as the head of the opposition, demanded a poll, 
but the result was against him. 
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GERMAN BRICKWORK. 


Tue German architects, who have justly acquired 
the reputation but too often of sacrificing time and 
economy to excessive solidity in the erection of their 
structures, seem, however, capable of following the 
example of rashness and inpoedenes which occasionall 
characterises their colleagues of other nations, Bot 
Berlin and Frankfort-on-the-Maine have recently wit- 
nessed the sudden downfall of newly erected buildings. 
One of these occurrences in the last named city was 
accompanied with fearful loss of life; not less than nine 
persons were killed outright, and seven ery 
wounded, all of whom were mechanics or labourers 
engaged on the work. The building in question was 
intended for a furniture manufactory, and was three 
stories high, besides the cellar; the outside walls and 
one partition wall had been run up, but hardly any of 
the floor beams put in, only just enough of them for 
interior scaffolding and working purposes. The walls 
at the base and throughout were of the requisite thick- 
ness. 

But on examination it appears that the bricks 
had not ‘been saturated before being laid. Barely 
burnt hard, they were transferred while still hot from 
the kiln to the wall. The mortar was composed of 
eight parts coarse sand to one of stone lime. the joints 
averaged fully 4 inch in thickness; many measured 
3 inch. The masonry was begun in the early part of 
November, and thus some 55 feet height of wall was 
built up in the course of two months. The weather 
was most of the time dry, although towards the last of 
December there were a few rainy days, after which ice 
was formed ; for the last five days before the yielding 
of the mass it had been raining hard and thawing. 

A more complete conjunction of circumstances to 
insure the collapse of new buildings could hardly be 
devised. There is no doubt that the bricks laid during 
the fair weather, robbed the weak mortar of its mois- 
ture, and thus deprived it of its only remaining chance 
of solidification, and that the thick mortar joints of the 
parts laid during the freezing weather obtained a fic- 
titious hardness. When the rain set in, these latter 
began to thaw anid were at once changed to soft mud. 
The bricks, increased in weight by the saturating rain, 
finally threw a load on the lower pulpy joints which 
crushed them; the absence of floor-beams caused in- 
ward bulging of the walls, and the whole mass came 
down by the run, 

It is but fair to state that some of the surviving 
victims exonerate the architect and blame themselves 
for compelling him to continue them in employment 
during the winter, under the threat of otherwise re- 
fusing him their services when better weather should 
set in again. The great number of buildings now 
in course of erection at Frankfort, the many improve- 
ments going on, and the consequent scarcity of masons 
and the competition for their services, were no doubt 
powerful reasons for complying with the demands of 
the workmen. 








RAILWAYS IN SWITZERLAND. 


It is only since the autumn of 1852 that the industry 
of Switzerland has received the impulse due to railways. 
Swiss credit and Swiss energy alone have accomplished 
what otherwise would have been deemed almost impos- 
sible, considering the obstacles overcome. As early as 
1855, locomotives were running on long lines con- 
structed in the principal valleys. In-1861 a total 
length of railways of 1080 kilometres (676 English 
miles) was in active operation, representing an outlay 
of some 400 millions of franes (16 millions sterling). 
In 1864, this capital was increased to 430 millions, 
this being the cost of 1250 kilometres of line, worked 
by some 200 locomotives. Many of the works, also, 
upon these lines, are of great magnitude, and exhibit 
much engineering boldness. 

The construction of these works was, however, not 
brought about without a severe struggle, and it has 
since been the cause of much disappointment, and con- 
siderable pecuniary loss. Notwithstanding this, new 
railway projects are constantly being pushed forward, 
partly as speculations, and partly by the’ local political 
interest of certain parts of the country. The length 
of these proposed lines amounts to about 300 kilo- 
metres. 

It is very questionable whether this extraordinary 
development of the means of communication is at all 
agg 2 ionate to the demand, even when the traffic to 
e created by its means is considered. Judging from 
the working of the lines already established, it would 
seem both imprudent and unnecessary to burden the 


construction of first: class railways, with all their at- 
tending expenses. It is here that the so-called second 
class railways, are especially adapted to the wants of 
the country. They give the district which they serve 
the benefit of the same quick and constant communica- 
tion which is due to first class lines, and provide new 
and cheap outlets to industry and produce, which, 
otherwise, would have to submit to the more expensive 
wagon-carriage ; thus developing the wealth and re- 
sources of the country to the utmost. 

The distinguishing feature of second class lines is 
merely that they are built with the same gauge as 
the main lines they communicate with, but are adapted 
for lighter traffic and lighter locomotives, thus lessen- 
ing at once the first cost, cost of working, and cost of 
maintenance. 

The great projector, promoter, and constructor of the 
Swiss railways—Mr, Olivier Zschokke, of Aarau— 
strongly urges the adoption of such lines in the canton 
of Aargau, and which really seems to require them. It 
is peculiarly situated with regard to this matter, being 
surrounded on all sides on its frontier lines by railways, 
while its interior is barely accommodated at all. It is 
intersected by but 70 kilometres (42 miles) of railway, 
whereas the canton Zurich has 170 and Bern 180 kilo- 
metres. 

To place the inhabitants of Aargau on an equal foot- 
ing with those of other cantons, and to give their in- 
dustry the opportunity of a fair competition, Mr. 
Zschokke advocates the construction of such light roads 
in the side valleys which empty in the large valleys where 
the main lines are located, and in a published paper 
upon this subject, he reasons as follows :— 


“The first natural suggestion in regard to light 
“ railway lines, is to return to the motive power originally 
“ intended to be used on railways, viz., horses. 

“ But experience teaches : 

“1st. That horses can only be profitably employed 
“on comparatively short lines with a heavy passenger 
“ traffic. 

“ 2nd. That even then such motive power is un- 
* reliable and often insufficient. 

“3rd. That in most cases the motive power of 
“horses when furnished in equal amount as steam 
“ cost more without any corresponding advantages, and 
* that this difference is on the increase, because coals 
“ and machinery are constantly becoming cheaper. 

“4th. That hence it is cheaper to employ light loco- 
motives for light traffic. 

“To make this entirely praticable, light gradients 
“ must be adopted. 

“On the other hand, to cheapen the earthworks, curves 
“ of diminished radius, say 400 ft. at stations, and 600 to 
“ 800 ft. on the line between stations, may be resorted 
“ce to. 

“The gauge and width of roadbed to remain the 
* same as on the main lines. 

“The rails to be diminished in weight, say to 25 or 
“ 98 Ib. per yard. 

“Passenger and goods wagons to be of the same 
* weight and model as on the main line. 

“The locomotives to be tank engines, weighing with 
* coal and water about 300 centners, or 15 tons, and 
 capable-of drawing a train of 2000 ctrs., or 100 tons, 
“at a mean rate of 20 kilometres (124 miles) per hour. 
“ These would burn about 5b. of coal per kilometre, 
“ and cost from 20,000 to 25,000 franes (1000/.)” 


By way of comparison, Mr. Zschokke states that the 
engines working on the main lines of the Swiss roads, 
which have generally heavy gradients and a minimum 
curvature of from 1200 to 1600 ft. radius, weigh 
about 700 ctrs., or 85 tons, and draw trains of 4000 
ewts., or 200 tons, at a speed of 20 kilometres per 
hour, burn 17 lb. of coals per kilometre, and cost from 
50,000 to 55,000 franes. 

“The station houses and other arrangements for the 
“ comfort of passengers to be reduced to the merest 
“requirements of necessity, avoiding all ornaments ; 
“ and, finally, the service and personnel to be as simple 
“ and economical as possible.” 

There is no doubt that in the manner here proposed 
by Mr. Zschokke, for the lesser valleys of the canton 
Aargau, great economy can be had in ihe construction 
of railways, and their advantages be had, possibly 
without financial loss. The saving alone in the far 
lighter teins required for the bridges must be 
considerable ; but when to this is added the difference 
in cost for the lighter rails, it is probable that the total 
capital otherwise required may be diminished one half. 
The lighter engines must also cause far less wear and 
tear, and cost of maintenance. 





country and its people with, or to hazard capital in, the 





obtain general adoption for branch lines abroad seems 
almost certain.—(/rom our Correspondent at Frankfort- 
on-the-Maine). 








MIDDLE-CLASS EDUCATION. 


A work to which Messrs. John Penn and Son, 
Messrs. Peto and Betts, Messrs. Lucas Brothers, 
Messrs. Waring Brothers, Mr. Brassey, Mr. Kelk, 
and Mr. Geo. Wythes, have subscribed each 1000/., 
may be held as of interest to engineers and contractors. 
The clerks in the City of London have been roughly 
estimated as 100,000 im number, and they have really 
no accessible schools for the education of their chil- 
dren. To them, Christ’s Hospital, the Charter-house, 
St. Paul’s, the Merchant Taylors’, and other founda- 
tion schools are almost out of the question. Hence it 
is, that while one branch of education to be obtained 
within the City is of a very superior character, the 
commercial education of the great mass of clerks is 
quite insufficient for ‘their wants. The Rev. William 
Rogers, M.A., rector of Bishopsgate, not long since 
took in hand a scheme for improved Middle Class 
Education, in London ; and some weeks ago, a meet- 
ing was held at the Mansion House, where a commit- 
tee reported that 50,000/. were required to establish 
in and near London, good commercial schools for 
tradesmens’ and clerks’ children, and in which the 
annual charge to each scholar should not exceed 44. 
It was recommended that a school to accommodate 
from 800 to 1000 scholars, should be established in or 
near Finsbury. 

A further meeting was held last week, at the 
Mansion House, and it was reported that thirty-five 
firms, including those we have named, had each sub- 
scribed 1000/. to the fund, and twelve firms 5002. each. 
It is now proposed to raise 100,000/. instead of 50,0002, 
and with the understanding already established, that 
the schools are to be open alike to all, without regard 
to religious tenets, it is not doubted that the whole 
sum required will be speedily made up. The subscrip- 
tions fe obtained from the leading men of the 
commercial classes of the metropolis, indicate the ex- 
tent of the want to be supplied; and we do not doubt, 
that the result will be commensurate with the liberal 
scale of the preparations made for its attainment. 








Tue Guns at Wootwicu.—In the late competitive trial of 
Whitworth and Armstrong guns, the respective pieces of 
ordnance have been cut longitudinally open by a planing 
machine. ‘The inner tube of the Whitworth gun was destroyed, 
and the second and third coils outside of it cracked. The inner 
tube of the Armstrong gun was cracked. 

Gun Corron.—It is now generally understood that, after all 
their trials of gun cotton, the Austrian government are again 
abandoning it, on account, as is alleged, of its liability to spon- 
taneous ignition. Sportsmen here are writing to the /ield, also 
al'eging that it has in many cases burst their guns. 

GOVERNMENT MANAGEMENT OF THE TELEGRAPH.—At a 
meeting of the Edinburgh Chamber of Commerce on Thursday 
last Mr. George Harrison, vice president, made an interesting 
statement on the subject of telegraphic management, in moving 
that the Chamber petition for a Royal Commission on the sub- 
ject. He read a letter which he had received from M. Corr von 
der Maeren, president of the Brussels Chamber of Commerce, 
in which he says that by constant battling they had succeeded 
in bringing down the charges to half a franc for the interior of 
Belgium. The charges originally were from Brussels to Paris 
10f., to Marseilles 17.50f., to Berlin 15f., and to Konigsburg 
20f. The charge to all these places is now 8f. To London the 
charge was originally 15 f , it is now 5f. 

THe Twin(Screw Penevorre.—Mr. Reed's twin screw 
plated ship of war Penelope, now building at Pembroke Dock- 
yard, will be of 1758 tons, and will mount ten guns of 12} tons 
each. She is being plated with plates 6 in. in thickness made by 
Messrs. Cammell and Co. of Sheffield, Her engines, two pairs 
working independently, will be of 600 horse power collectively. 

Armour Piates.—Messrs. John Brown and Co., of Sheftield, 
will make the 8in. and 9 in. armour plates for the Hercules, 
about to be commenced at Chatham Dockyard. The 6 in. plates 
will be rolled by Messrs Cammell and Co., and the Mersey Iron 
and SteelCompany. ‘The 8in. and 9 in plates are taken at 337. 
per ton, the 6 in plates at 292, 10s. and 29/. 5s, 

Dear or Dr. Daue.isn.—We regret to announce the 
death, on Sunday last, at Great Malvern, of Dr. Dauglish, 
whose name is identified with the manufacture of aérated bread. 
Dr. Dauglish had for some years been in failing health, and his 
death is understood to have been accelerated by the labour of 
perfecting his most recent improvements. 

SranDARD MgAsureEs.—lIn the course of a communication, 
read by Mr. James Yates at a recent meeting of the Chemical 
Society, he suggests that for the construction of mineral measures, 
ordinary brass covered with a thin coating of gold should be em- 
ployed. He proposes that the divisions should be so engraved 
that the gold would be removed where they occur, and the 
action of the atmosphere on the exposed brass would then soon 
cause the lines to show as black, or greenish bronze-coloured 
lines upon a gold ground. 

Express knoinrs.—Mr. Beattie, of the London and South- 
Western Railway, some time ago constructed at his works, Nine 
Elms, three enger engines of large dimensions, viz., 17 in. 
cylinders, 24 in. stroke, and four coupled wheels of 7 ft. diameter. 
A fourth engine, nearly like these, has been made with but-6 ft. 





That this system of second class lines is destined to 


6 in. wheels however. 
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Dusin@ we past few years, the construction of iron-clad 
vessels has rendered necessary many alterations in the character 
of the machine plant employed by our leading iron shipbuilders. 
Planing, slotting, and drilling machines of the heaviest class are 
now to be found in our ship yards, besides several tools specially 
adapted to the work to be carried out. Amongst these latter we 
must include machines for bending armour plates. The accom- 

ying illustration (which has been prepared from a working 
rawing kindly furnished by the manufacturers) represents a 
vertical section of an hydraulic bending machine just constructed 
for the Japanese Government by the London Engineering and Iron 
Ship Building Company (Limited), under Messrs. Westwood and 
Buaillie’s patent. 

The machine consists of two massive castings or crossheads, 
united by four wrought-iron screws, each 841in. in diameter. 
These screws are secured by double nuts above the upper and 
below the lower crossheads; and nuts are also placed below the 
upper crosshead, so that the distance between the two castings 
can be varied. The screws are — sufficiently wide apart 
longitudinally to admit a plate 5 ft. wide between them, and the 
crossheads are formed with three cores passing through them, so 
that an excessive thickness of solid metal is avoided, and a sound 
casting can be obtained. The crossheads are planed upon their 
opposing surfaces, and upon the top cf the lower one is placed an 
hydraulic press cylinder formed of wrought-iron plate 1 in. thick, 
and strengthened by steel rings 5in. thick shrunk around it. 
This cylinder, which is 28in. in diameter internally, and 2 ft. 
6 in. in height, is furnished with a ram and false bottom, both 
made watertight y cupped leathers in the ordinary way, the 
upper surface of the bottom being rounded, as shown in the 
figure, so that the water can enter freely between it and the 
ram. The cylinder is capable of being moved longitudinally a 
the bottom casting, and its upper end is guided by a saddle, 
carried by the vertical screws, and fixed at any convenient height 
by nuts above and below it. The traversing of the hydraulic 
press cylinder was performed, in some of the bending machines 
first constructed, by screws worked by hand, but in the later 
examples it is effected by hydraulic pressure, the arrangement 
employed being that shown, on the right hand side of the main 
cylinder, in the cut. It consists of a small gun-metal cylinder 
about 44 in. bore, furnished with a piston and rod of the same 











material, and carried by brackets attached to the lower cross- 
head. The end of the piston rod is screwed into one of the rings 
of the main cylinder, and by admitting water to one or the other 
side of the small piston, the large press can, as we have already 
stated, be moved longitudinally, the total extent of the travel 
being 2 ft. The arrangement of valves for regulating the admis- 
sion of the water will be described presently. 

The water is supplied to the press by three pumps fixed in a 
small cast-iron tank, as shown on the left 4 the illustration. 
Two of these pumps (the two shown in the figure) have rams of 
the same diameter, whilst that of the other one is larger; they 
are arranged so as to be worked by connecting rods from a crank 
shaft driven by a belt, or by hand levers. The pipes from the 

umps are furnished with safety valves; that on the pipe lead- 
ing from the large pump being so arranged that, when the pres- 
sure exceeds a certain amount, the lifting of the valve releases a 
tumbler which opens, and keeps open, the suction valve of the 
pump; the water, of course, then merely flows into and out of 
the pump, and is not forced into the press. The press cylinder 
is thus filled, and the ram brought up to its work by the com- 
bined action of all the pumps, whilst the high final pressure is 
produced by working the small pumps only. 

The pipe from the pumps is connected to a brass casting, 
carried by a bracket attached to the lower crosshead of the 
press, this casting containing an ingenious arrangement of 
valves, by which the distribution of the water is effected. The 
casting is made with three branches, in addition to that to 
which the pipe from the pump is attached; each of these is 
furnished with a screw-down valve. One of the branches is 
connected with a brass cylinder fitted with a stuffing box, 
through which slides the copper pipe by which the water is con- 
ducted to the main press opttader. This arrangement is shown 
on the figure. The other two branches have attached to them 
pipes by which the water can be conveyed to either end of the 
small horizontal cylinder, and each of them is also fitted with a 
safety valve. These safety ‘valves have one weighted lever 
between them, arranged so that it can be made to press on either 
valve, one valve being thus always left free. The manner in 
which these valves (which are all packed with cupped leathers) 
are worked, is as follows:—Let us suppose that it is required to 
move the main press cylinder towards that end of the bottom 








crosshead to which the valve casting is attached, the valves 
being all closed. The safety valve lever is tirst arranged so as 
to press upon the safety valve of the pipe leading to the outside 
end of the horizontal cylinder, and the screw valve on the same 
pipe is then opened, The water is thus admitted to the outer 
end of the cylinder, driving the piston, and with it, of course, the 
main press cylinder towards the left of the figure; at the same 
time any water that may be contained in the inner end of the 
horizontal cylinder flows back, through the pipe connected with 
that end, to the valve casting and escapes through the safety 
valve which is unloaded. When the press cylinder has been 
moved into the required position, the valve connected with the 
pipe leading to the outer end of the horizontal cylinder is closed, 
and the plate to be bent being adjusted, the valve admitting the 
water to the sliding pipe communicating with the main press 
cylinder is opened, and the pressure applied. 

The plate to be bent is placed between the head of the ram 
and the top crosshead, the curvature being regulated by pieces 
of iron interposed between the plate and the crosshead, as shown 
in the illustration, and by altering the position of the point at 
which the pressure is supplied. The fact of the main press 
cylinder bemg capable of being traversed along the bottom cross- 
head, renders the machine much more compact than it would be 
if the plate had to be shifted in order to vary the situation of 
the point of pressure, as in the latter case the screws connecting 
the two crossheads would have to be placed much further apart 
to allow of the necessary alteration in the position of the plate; 
and this would also involve increased strength and weight in 
the crossheads themselves. 

The machine, from the drawings for which our illustration 
was prepared, has been, as we have already stated, constructed 
for the Japanese government. It was tested a few days ago 
in the presence of the Japanese Commissioner, his suite, 
and several gentlemen connected with the engineering pro- 
fession. On that occasion two plates, the combined thickness 
of which was 11 in., were easily. bent, the pressure applied 
being 1800 tons. The machine is, however, capable of applying 
a pressure of 2500 tons. Machines of the same class are now 
used by the English, Russian, Spanish, Prussian, and American 
governments, as well as by several private firms, and we under- 
stand that they are giving every satisfaction. 
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PUBLISHER'S ANNOUNCEMENT. 

It is requested that any delay in the delivery of this journal 
to its subscribers who receive their papers direct from this 

may at once be made known. 

It is hoped that the correct title of this Journal will be given 
to it by its friends and ee. The title isnot “ The” 
ENGINEERING, nor “ The ENGINEERING Journal,” but is 
comprised in one word only. It is the more desirable that this 
should be borne in mind, as the title {may otherwise be confused 
with that of another Journal having a somewhat similar name. 

As a rule, corr r ing editorial answers to ques- 
tions of interest only to themselves, must pardon the omission to 
answer them. The task of replying weekly to a great number of 
such queries would -greatly interrupt the proper editorial 
management of any Journal. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.m.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is Ul. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

All letters connected with the business department of 
ENGINEERING to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, London, W.C. All 
other letters to be addressed, there, “To the Editor of 
*¢ ENGINEERING.” 


Cheques and money orders to be made payable to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 


ENGINEERING is registered for transmission abroad. 


THE INSTITUTION OF CIVIL ENGINEERS.—Tues- 
day, January 23, at 8 P.M. Continued Discussion upon Mr. 
Grant's paper “* On the strength of Cements,” and, time per- 
mitting, the following paper will be read, * The Craigellachie 
Viaduct,” by Mr. W. 8. Mills, M.I.C.E. 

SOCIETY OF ENGINEERS, Exeter Hall, Monday, at 
7 p.M., Report of Council, and Inaugural Address by the 
President for 1866. 


From a letter which we have received from Mr. Alexander; 
we find that the statement, made in the course of an article on 
the “ Mont Cenis Railway” in the first number of this Journal, 
that he ‘‘was associated with Mr. Fell in the preparation of 
“the designs for both engines” scarcely expresses his true 
position in the matter. Mr. Alexander has been appointed 
consulting locomotive engineer to the cor ionary company, 
and acted in that capacity in designing and modifying the con- 
struction of both engines. Mr. Alexander also states that the 
second engine was constructed to demonstrate the possibility of 
working the whole of the mechanism by one pair of cylinders, 
but that itis not to be regarded as an engine specially designed 
Sor working the Mont Cenis traffic. 











ANSWER TO CORRESPONDENT. 
J. I—We agree with you as to the necessity of a test. Some- 
thing will perhaps be done in the matter soon. 
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ARE WE GOING TOO FAST? 

TxE great amount of capital now being expended in 
building, and in so many works which can have no 
direct interchangeable aie in our dealings with other 
countries, has led to various speculations, and some 
very confident predictions, as to the future state of the 
money market. The City editor of the Times has often 
made excellent suggestions as to the best principles of 
conducting the general trade and exchanges of the 
nation, but while he has been also ready to hazard many 
very positive predictions it has often happened that 
these have not been fulfilled. This fact, known to all 
who have cared to observe it, has naturally and pro- 
perl shaken confidence, to some extent, in the opinions 
of the leading journal upon financial subjects. It is 
enough, perhaps, to cite the predictions as to the re- 
sult of the American war upon American finances. We 
were promised, three, four, or more years ago, the 
collapse of American trade, the violence of American 
mobs, and the early and general repudiation of Ameri- 
can debts. lt need not now be said that, whatever 
there may be in the future, not one of these disasters 
has yet taken place. In mentioning these predictions 
regarding the States, we do so with no partisan feeling 
for or against American credit, but take the case in 
point merely because it is a convenient one for illus- 
tration. So far as the Times has raised a warning 
voice with respect to overtrading with the States there 
can be nothing to object to. We should ever urge 
Proper caution in our commercial dealings with other 
nations, but we think it better to leave the general 
current of trade to be regulated by events, as they 
transpire, than to indulge in predictions, from @ priori 


reasoning upon influences which require long periods 
of time for their full effect, periods at the end of which 
totally new causes may be at work. 
What we now, however, propose to examine is the 
later alarm raised, that, irrespective of shipments 
abroad, whether for credit or cash, we are spending 
too much money in fixed works at home. These 
works are in most cases of the class which the earlier 
public companies undertook in 1830 to 1840. They 
are, to a great extent, new railways, harbours, docks, 
warehouses, and factories, besides dwellings, both for 
those who own and those who are employed in or 
upon these works. Added to these, aethent, are a 
greater number of gas and water works, sewage, and 
general draining works, &c., but all undertakings of 
recognised utility. Of many of these works, we noto- 
riously require all that we can possibly afford ; of others 
we require all that our commerce demands, and it is of 
vital interest to us all, as a nation, to extend 
our commerce to the utmost, so long as we can 
do so upon a sound and legitimate basis. Now 
it is aly saying that we have been prosperous 
for years when we say that our invested capital 
in works has been steadily creating new capital. 
A manufacturer has 100,000/. invested in his business, 
and finds himself at the end of the next year with 
10,000. or 15,000/. additional capital as the profits of 
that business. He has perhaps in the mean time 
operated upon 100,000/. worth of raw material, ex- 
pended 100,000/. upon other materials for working and 
in skilled labour, and sold off say 250,000/., leaving, 
after all trade expenses have been paid, possibly 
20,000/., although more likely half that sum. This 
increase of capital is constantly going on all over the 
kingdom—as constantly (although the two facts are 
distinct) as the population of the country is steadily 
increasing by the excess of births over deaths. But 
while our manufacturer is selling his 250,000/. worth 
annually, he may, apart from his ordinary profits in 
trade, discover or procure the privilege of using some 
improvement which will save 10,0007. or so of his 
payments for labour or materials—perhaps more. His 
workmen cost him say 75/. a year each, and if his 
capital be worth 10 per cent. to him, he could still 
ord to invest 750/. more in plant or tools, if it 
would enable him to dispense with a single work- 
man, or, to put it in a more attractive form, 
which should enable 500 workmen to do the work 
of 501. Here is the key to the large fixed investments 
which manufacturers are so ready to make. They can 
always afford to invest 75,000/. to save the labour of a 
hundred hands. But these men are not left idle. By 
a more cheaply, with the aid of machinery, a 
arger amount of goods at once finds a market, as the 
demand always bears some inverse ratio to the price. 
‘he manufacturer almost always increases his produc- 
tion, even if not to an extent requiring an actual in- 
crease in the number of hands. These improvements 
of which we speak, are being constantly made. And 
whether in manufactures, or in mining, or agriculture, 
or in transit, the effect of improvements is commercially 
the same. In one case we find a miner can get twice 
as much coal as formerly; the Bessemer process admits 
of producing far more metal of better quality for a given 
cost than was the case with iron, the steam plough 
enables a few hands to do more and better work 
than could once be done with twenty or thirt 
horses, the sewing machine produces far more wor 
than a single seamstress, and thus everywhere, with 
mechanical, or chemical, or agricultural improvements, 
labour is emancipated, and the power of the individual 
for the production of permanent wealth increased. 
That the aggregate profits of trades are steadily increas- 
ing, is shown by every class of public returns of revenue. 
The railways afford a good index of the prosperity of 
the country, and they are earning thirty-five millions a 
year, or one-fourth more than the interest on the public 
debt. And new lines are required in many districts to 
keep even with the steady increase in trade. Let us look 
about, here in London, with its population of 3,000,000. 
Is it not reasonable to suppose that the effect of an im- 
proved system of metropolitan railways would econo- 
mise time and cost of movement to the extent, at 
least, of a penny a day for every inhabitant? If 
so, the saving is at once made out as 4,500,000/. 
per annum, sufficient to support a capital expenditure 
of 90,000,000/., at 5 per cent. Not that such an 
amount of capital could be at once raised without 
greatly increasing the value of money, or, in other 
words, the rate of discount, but it can be raised in a 
certain length of time from the natural increase of the 
wealth of the country, and even, very likely, with a 
ositive decline in the bank rate from that now in 








What the real wealth of the country is, or the actual 
rate of increase in the national capital, we cannot well 
know. No returns of imports and exports can show 
it, for we might conceive a state of things in which 
we were accumulating wealth among ourselves without 
trading with other nations at all; or, to put it in 
another light; we might conceive all nations united 
under one government—say our own. Our farms, 
our mines, our factories, and our houses are wealth, 
although we may be unable to ship them off out of the 
country ; and the true test whether new works are 
needed, or whether it is prudent to “ plunge capital 
into bricks and mortar” is whether it is found to pay. 
So far it has paid. A house is no sooner finished than 
let; a factory, except there be a cotton famine, or a 
strike among the hands, is seldom idle, and a railway 
is no sooner open than it attracts a traflic which goes 
on increasing. 

We have had a great rage for public companies at 
home, many old businesses having been taken over 
under limited liability. Much has been said of these 
speculations as impoverishing investors. It is evident 
that the purchase of an old business at an exaggerated 
valuation, does not alter the amount of money in 
the country, however it may incommode the pur- 
chaser. e may find it necessary to pay more 
than he has before done for the use of money, 
but the vendor, by the same payment, ceases per- 
haps to become a borrower, as he may have done 
for years previously. We are saymg nothing 
of the transaction as between man and man, but 
as affecting the general balance of capital in the 
country. As for the entirely new companies, they do 
not, we think, do great harm, except occasionally to 
individuals. As a rule they do not draw in large sums 
of capital until some bond fide business has been estab- 
lished. In any case, however, whether the money be 
spent usefully, or frittered away in experiments with- 
out result, and at law, the money does not leave the 
kingdom, but remains available for future operatlons. 

hat great works, involving the outlay of many 
millions of capital now find favour, comes merely from 
a conviction on the part of the most sagacious of 
English merchants that they are demanded by the 
improved condition of trade. We are, to some extent, 
in the condition of the shopkeeper who has outgrown 
his premises, and finds himself compelled to take 
anew house. It is astonishing to look back and see 
with what limited facilities in the way of communica- 
tion, of space, light, and what we all of us now under- 
stand as “accommodation,” our fathers and grand- 
fathers contrived to do business and grow rich. All 
the outcry that we hear now about new work , might 
have been heard, we will not say in the time of the 
railway mania, but long before, when railways were 
but begun. We are suffering now from the temporary 
loss which other nations have suffered by the American 
war, in the interruption of trade, in the drain of capital 
from the Continent to the States, and in the loss of 
cotton and in the impoverishment of many millions of 
people in the South who were once good customers of 
ours. All this has more to do with the high rate of 
interest than our own new works in hand or projected. 








MR. FOWLER’S ADDRESS. 
In reading Mr. Fowler’s inaugural address, as pub- 
lished in our last impression, the young engineer, the 
engineer’s pupil, and even the youth desirous of be- 
coming a pupil, must see much of his own future pro- 
fessional lite foreshadowed before him. Even our 
own estimate of the future of our profession is not 
greater than Mr. Fowler marked out for it, and he has 
given an admirable description of the proper scope and 
great value of professional knowledge, and a suggestive 
and sound analysis of the best means of obtaining it. 
But Mr. Fowler nevertheless, leaves much to be taken 
for granted. His boy of fourteen, with a “ mechanical 
bias,” and even with “considerable energy and perse- 
verance,” will not necessarily become an engineer, no 
matter how highly he may be educated. Mr. Fowler 
says nothing, more than the words we have quoted, of 
those original powers of mind which many call genius, 
which go to secure success in any profession. We all 
have our idiosyncrasies, and all the schooling in the 
world will not remove them. In every walk in life it 
will be found that those who are born to their work 
will succeed best. Education—which we have no wish 
to undervalue—may aid and improve, but it will never 
make the man, certainly not the engineer. That Mr. 
Fowler is as well aware of this as we are, we do not at 
all doubt; and we can only suppose that he did not 
allude to special and personal qualities, because he did 
not wish to depart from the broad path of generalisa- 





orce ; at any rate we shall soon know. 
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offence to those who hold any personal comparison as 
invidious. ‘Then there is another matter Thich, pos- 
sibly for the reason just assigned, Mr. Fowler did not 
touch upon, to wit, “ oka of the world.” It might 
have seemed discourteous to assume that engineers, or 
even those who are to become engineers, are wanting 
in knowledge of the world; but this does not alter 
the fact that many of them are, and it is impossible to 
say how much of the success of many engineers is due 
to this knowledge alone. What one man of good ex- 
ecutive ability may not be able to say at all—or, if so, 
only uncouthly, another, not one whit better in respect 
of fitness for his work, would describe in terms which 
would grace the debates of a senate. Where would 
Sir William Armstrong have been but for his worldly 
knowledge? But it is not the preparation of a youth 
for the profession of an engineer, even if he go to Cam- 
bridge or Oxford, that will give him this knowledge, 
unless he be one,of those who have their eyes always 
open, and who have innate powers of observation and 
discrimination, graced, ,perbaps, with the instinctive 
good taste which comes from natural purity of mind. 

There are large-minded youths and small-minded 
youths. The one takes in a great truth at a sweep, 
the other is not only slow to learn, but is quick to 
forget. The one likes large generalisations, the other 
is for ever in a pother about some éetail which—not 
but that details are important in their way—he ought 
to have disposed of long before. 

The young engineers whom Mr. Fowler would have 
rightly educated are, we take it, to become not merely 
tolerable in their profession, but men who will make 
their mark and leave a name behind them. Now the 
difficulty, we fear, is that beyond a strong love for 
their future pursuits, and an indomitable will for study 
and comparison, no fixed methodical course of study 
can be laid down for young aspirants for engineering 
honours. Of a hundred successful engineers, ninety 
or more will always have each his speciality; and of 
these ninety not twenty, perhaps, ool derive decided 
profit from the same line of study. Very few, indeed, 
can ever expect to be thoroughly proficient in all the 
knowledge which Mr. Fowler sets down for us. 

But now comes the other side. Although we can- 
not force engineers like hothouse fruit, the uses of 
imparted knowledge are precious, and there are be- 
ginners who are often heart sick, because, with all the 
vast stores of science before them, there is no ready 
guide to conduct them through, and point out each 
natural law and its application, in the order in which 
they can all be retained in the mind. Here is where 
schools are required, and, when one comes to look at 
it, although there are here and there engineers’ schools, 
there is not one in England which really has the 
sanction of the profession. Without intending any 
disrespect, it may as well be said that the feeling 
among those in practice is that none who profess 
to instruct young engineers, as a business, are fit 
for their task. We shall never cease to believe in 
the value of pupilage; but there are required 
good approved schools, in which teachers of recog- 
nised ability and standing may take in hand the 
sprouting crop of seedling engineers, and teach them 
much, although not possibly all, that is indispensable 
to their future success. These schools should by no 
means take the place of pupilage—indeed, there is no 
danger of it—but they should give young men a 
common sense course of engineering education. It is 
only here where authorities upon such matters are 
likely to disagree—few people are agreed as to what is 
tommon sense. The term is often in the mouth of 
every one who, as is generally the case, believes that 
common sense is his own sense. The idea of one person 
would be a course of pare mathematics, another would 
listen to nothing but a year’s discipline in surveying and 
taking out quantities, a third would insist upon a long 
probation at drawing, another a term in actual construc- 
tion, and would have it that the school where this was 
inadmissible from the necessity of the case, was no school 
at all. Our own notion is, that next to sound arith- 
metic, apart from any further mathematical knowledge, 
the embryo engineer should. study well the grand 
science of natural philosophy. There is more in it for 
his purpose than in all the other sciences taken toge- 
ther. It is the one system of truths which never fails 
the engineer. It includes many sub-defined sciences, 
each of which may almost form the speciality of an engi- 
neer. Fer these we should haye schools. They should 
have so much sanction from Gbvernment and from the 
profession as would give them character and value. 
But they should never be held—at least in our time— 
as sufficient substitutes for pupilage, nor for a resi- 
dency upon works, without which no one can become 
the engineer he would wish. There is one great un- 








certainty which, whether consciously or unconsciously, 
attends every young engineer—viz., that of having 
rightly chosen his profession. He can only know 
years later whether his original choice was right or 
wrong. We can proceed cay tpn the supposition of 
true born engineers; Mr. Fowler appears rather in- 
clined to educated engineers, and we believe this is 
more from a respect which he naturally feels for the 
special education, which in his own days as a beginner, 
he could not procure, turn where he would. If any 
great school were organised, it should be specially 
freed from the character of turning out engineers 
ready made. It should be only an aid, not a substitute. 
If it were recognised in any other capacity it might do 
much harm. It might draw in a class of dilettante 
engineers, or those who would like to become ‘such, 
who would conclude that a course of indolent study 
might raise them to the rank of a Stephenson, or a 
Brunel. But so long as engineering schools are recog- 
nised only as among the means of forming the qualifica- 
tions of the civil engineer, they doubtless would do 
great good. They should be under the highest sanc- 
tion, and should have the best masters, and they should 
instruct the young engineer in courses of six months, 
one year, or two or three years, in the best branches 
of knowledge useful for his purpose, giving great lati- 
tude for choice. While the one future engineer was 
studying natural philosophy and algebra, with the 
practice of an office, another might, if his tastes led 
him to waterworks, be engaged upon topography, geo- 
logy, hydrography, and statics. Another student mght 
be engaged chiefly upon the laws of steam and other 
expansive gases. As it is, the intending engineer may 
come from school, filled with French conjugations and 
English history, to be landed in an engineer’s back 
office to trace drawings, copy specifications, and smoke 
cigars for three or four years without having hardly so 
much as a word to illume the darkness before him and 
which darkness bounds all knowledge. 

If there are to be schools, we fear there must be a 
little compulsion. Young men will only attend them 
when the Institution, by Act of Parliament, or other- 
wise, begins to confer degrees, and insists upon a 
certain course of study, en école, by way of preparation. 
Excellent as Mr. Fowler’s programme of study may be, 
there is now nothing—not even organised opmion—to 
enforce it, and until it is made to carry some official or 
departmental weight, there will be those to say that 
form erengineers have succeeded without such ps Mc ws 
us be content to believe, in spite of the want of them. 
We believe it to be the time for the Institution to 
move, and that it is not now turning half its opportu- 
nities to account. It should at least take the lead, and 
not wait for public opinion to prick it on by severe con- 
clusions. The time for encouraging schools of some suit- 
able kind—Zcole Polytechnique is an admirable term—a 
“school of many sciences”—is now, and should not be 
»ostponed. The engineers should recollect what is 
yeing now done for middle class education in the City. 
Many engineering and contracting firms have put down 
their names for 10002. each, and we only om to brave 
a little jealousy, and to overcome a little inertia to 
establish schools, without attendance upon which no 
man would deserve to call himself a civil engineer. 








BESSEMER STEEL IN GERMANY. 

No less than twelve, if not fifteen, Bessemer con- 
verters are understood to be working at Krupp’s great 
establishment at Essen. His neighbours, the Bochum 
Company, have two 3-ton converters at work, and will 
shortly erect two more. ‘The Hoerde Works, near 
Dortmund, have two converters; the Austrian Govern- 
ment have two at Neuberg, in Styria, one being a fixed 
vessel, as used in Sweden by Géransson. Mr. Hall, 
formerly of Newcastle, is also working a Bessemer 
converter at Gratz. Baron Rothschild has two 3-ton 
coftverters in Witkowitz, in Moravia. There are two 
others of the same size at Mr. Giesbers’s works, at 
Dusseldorf, and there is one fixed converter on the 
Swedish plan at Heft, in Carinthia. At Turrach, in 
Styria, Prince Schwarzenberg has a small English con- 
verter working upon, perhaps, the finest spathic iron 
in the world. At the Koenegenn Maria Hiitte, in 
Saxony, will be fitted up a 3-ton English, and a 1-ton 
Swedish, Bessemer converter; at Koenigshiitte, near 
Breslau, are two 3-ton converters, and Klein Brothers, 
contractors, in Moravia, are about to have two con- 
verters erected forthem. The State Railway Company 
of Austria will have four converters set up at their 
works in the Banat, in South Hungary, and the Arch- 
duke Albrecht, of Austria, has decided to begin the 
manufacture of Bessemer steel in Silesia and Upper 
Hungary. Heretofore, the Austrian Government and 








the Austrian aristocracy have owned largely in iron 
works and mines, but the result has seldom been profit- 
able. At the present time, companies are being formed 
throughout the Empire to seidheen and carry on these 
works, and among these companies the Bessemer pro- 
cess is reckoned a great means of commercial success. 

It is but a few years since Krupp sold his tyres in 
England at 120s. per ewt. They are now sold at from 
40s. to 45s., and at his works at 35s. to 40s. He is 
turning out large quantities of Bessemer rails at 16/., 
but most of the Bessemer steel made by other makers 
in Germany is for tyres. 

The Bessemer process is practised at the great works 
of La Société Cockerill, at Seraing, Belgium, and by 
Messrs. Petin, Gaudet and Co., of the Rive de Gier, 
and Messrs. James Jackson and Co., of St. Seurin, 
near Bordeaux. 

On the Continent, where many engineers are free to 
make Bessemer plant, it is understood that the fur- 
naces, converters, blowing engines, and 5-ton hammer 
for two 3-ton converters, can be made and set up for a 
much less sum than in England, where the first cost of 
such plant is not far from 10,000/. In Austria there 
are literally mountains of spathic iron—each mountain 
being practically a crystal of ore. 


WATER SUPPLY IN THE NORTH. 


Berore this journal was yet in existence, although 
not before the present writer was aware of the details 
of Mr. Dale’s proposal for supplying the towns of Lan- 
cashire and Yorkshire with pure water, it (the pro- 
posal) had been made extensively known. It was 
notorious, last summer, that Liverpool was without 
water. The Rivington-pike Works, after an outlay of 
a million, were a failure, and the pumping engines were 
hard at work, drawing from the red sandstone. Mr. 
Dale, of the Hull Corporation Waterworks, knew of 
this and other instances of defective supply, and with 
that ready instinct to set to rights whatever we 
may of wrong—an instinct known to but few—he 
entertained a scheme, which he has since elaborated, 
and which is worthy of the genius of a Brindley, a 
Telford, or a Stephenson. Cumberland and West- 
moreland have a rainfall unknown to other parts of 
England. At Seathwaite the rainfall is from 125 in. 
to 160in. per annum; and, taking the quantity 
roughly, 12 ft. in depth of water fall yearly from the 
skies upon every square yard, foot, and inch of that 
thoroughly drenched parish. That is to say, from 
12,500 tons to 16,000 tons per acre. It is agreat deal 
of water; more than ordinary minds can comprehend. 
But it all, or almost all—excepting, of course, the 
natural evaporation due to the locality—runs off to the 
sea. Some of it—indeed, a great deal—falls upon the 
surface of deep and picturesque lakes, as beautiful and 
as pure as Loch Katrine, or, if one must go further, 
the Laggo Maggiore. And then, look at the elevation 
of these lakes. There is Devoke water, in Cumber- 
land, 766 ft. above mean tide level at Liverpool; 
Haweswater, in Westmoreland, 694 ft.; Thurlmere, in 
Cumberland, 533 ft.; and, going again to Westmore- 
land, Ulleswater, 477 ft. above mean tide at Liver- 
pool. While we are about it, it will be of interest to 
many engineers to know the levels of the famous lakes 
of Westmoreland and Cumberland. They are as 
follow, the counties in which they are situate being 
designated by an initial :— 





ft. 
Devoke-water, C. ... oe ins 766 
Haweswater, W.... eee one 694 
Thirlmere, C. sien eee “- 533 
Ulleswater, W. sw ose eee 477 
Lowes water, C. ... oes ét0 429 
Ennerdale water, C. ... ase ose 869 
Buttermere, C. see eee ese 331 
Crummock water, C... +e os 321 
Derwentwater, C. ... o0e ese 238 
Bassenthwaite lake, C. ada pee 226 
Grasmere lake, W. ... ene om 208 


Wast water, C. yon abe poe 204 
Elter water, W. oe oes see 187 
Rydal water, W._... ons ani 181 
Windermere, W. one oon eee 134 
Mr. Dale, taking these levels, as it is now so easy to 
take them, from the Ordnance Survey, has been struck 
with the lower and diminishing scale of levels of the 
Lancashire and Yorkshire towns. It is only fair to 
give them as fully as the levels of the lakes so many 
miles away from them. They run thus :— 


Colne ... dos ibe ane ane 684 
Halifax ese ase eee ine 604 
Rochdale den itt ese ae 472 
Burnley ese i ove ove 462 
Huddersfield ... it oe sind 429 


Bradford dad oes ove ie 420 
Keighley... ese ~~ ««« = 
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Blackburn 373 
Bolton 827 
— ao 
Bingley 7 
La a 
Liverpoo 2 
Wakefield 201 
Dewsbury 187 
Wigan 157 
Preston 140 


Lancaster... = vee ove 132 

So Mr. Dale has struck out a line for a series of 
pipes—and there will be many pipes, side by side—all 
the way from the foot of Ulleswater and Haweswater, 
a little north of Ambleside and Kirby-Kendal, down 
through Kirby-Lonsdale, on to Keighley, and through 
Leeds, Wakefield, Dewsbury, Halifax, Rochdale, and 
Bury, right into Liverpool, a course in all of about 170 
miles. Of course, like a railway line, all this can be 
done, The Romans tunnelled through lava with their 
aqueducts, and, twenty-five years ago, the Croton 
Waterworks were constructed through difficult ground 
to supply New York, at an outlay of 1,600,000/., with 
water from a lake 40 miles away. Since then Glasgow 
has been benefited in like manner, and so have other 
towns, and Dublin is about to draw excellent water 
from the valley of the Vartry, near Glendalough, many 
miles away among the Wicklow mountains. Mr. Dale 
proposes a supply of 131 million galls. daily | his 
chosen “route ;” thus, Lancaster, 2 millions; Pres- 
ton, 8; Wigan, 4; Dewsbury, 3; Wakefield, 3; 
Liverpool, 40; Leeds, 15; Bingley, 1; Kendal, 2; 
Bolton, 8; Blackburn, 6; Keighley, 2; Bradford, 10; 
Huddersfield, 4; Burnley, 4; Rochdale, 4; Halifax, 
4; Colne, 1; Bury, 8; and St. Helen’s, 2 millions of 
galls. daily. Liverpool, it will be seen, 170 miles from 
the source, is to receive nearly one-third of the total 
supply. Mr. Dale estimates that for each million of 
pa 2.00 daily supply the whole outlay for construction 
will not exceed from 60,000/. to 70,000/., and taking 
the whole contemplated supply, the outlay would be, 
say, from nine to ten millions sterling. We believe 
that the difficult works of the Croton Aqueduct, and 
those of the Loch Katrine Works, and, to go to the Con- 
tinent, those for the supply of Marseilles, will support 
Mr. Dale’s estimate. a he it is as high as 50,0007. 
per mile, a sum which would suffice for a capital line 
of railway in the worst country in the world. It re- 
mains either for some clever person to show that the 
scheme is impracticable, or for the northern com- 
munities to begin to move in the matter. Let the three 
millions—and they are as numerous as we of the me- 
tropolis—let them have good Westmoreland mountain 
water, and, as Mr. Dale says, “a much higher standard 
“of public health will be obtained.” This ought to 
be a consideration. Perhaps it will hardly be con- 
sidered. Then let us appeal to Lancashire ;—the water, 
being soft, is better adapted for manufacturing —- 
It ought to save nearly half a million a year—the in- 
terest on the cost of the works—in dyeing, bleaching, 
wear of steam boilers, &c., &. We are sure that Mr. 
Dale’s brief yet excellent digest is but the beginning 
of an undertaking which will at last have the whole 
attention of the grest northern counties. 








NEW RAILWAYS FOR LIVERPOOL. 


Last week we gave a brief notice of some of the 
new Metropolitan railways, and, as hardly second in 
importance, we have now to lay before our readers 
some particulars of the various new lines in which 
Liverpool and Lancashire are more especially interested. 

Railway engineers have for a long time cast an 
envious eye upon the River Mersey. It has been con- 
sidered most undesirable that two large towns like 
Liverpool and Birkenhead should be so entirely sepa- 
rated the one from the other, and especially when the 
dock accommodation of Birkenhead would be of such 
service to Liverpool. At present, the only means of 
communication between the two towns is the steamers 
running to and from Woodside Ferry: But, although 
these boats run every ten minutes, the accommodation 
thus afforded is of a very unsatisfactory character. 
What is wanted is a short line of railway running from 
the business centre of Liverpool to a given point on the 
Cheshire side—say Woodside, It will be remembered 
that a bill for constructing a tunnel under the Mersey 
was before Parliament last session, but was thrown 
out owing to a technical error. The difficulties, how- 
ever, attending this project were believed to be too 
great to be overcome at a reasonable expense. But 
the scheme for a pneumatic railway from the foot of 
Lord-street, and under the bed of the river, to the 
Woodside Hotel in Birkenhead, will, if the neces- 
sary powers be given to the company, supply the 
desideratum in a better and more perfect manner. It 





is still believed, however, that to construct a tunnel 
through the soft sandstone which forms the bed of the 
Mersey would be alike impracticable and unsatisfac- 
tory—impracticable owing to the depth of the river, 
and unsatisfactory owing to the water continually 
oozing through the roof of the tunnel. But, in view 
of the great triumphs which have been already achieved 
in the construction of railways, who will venture to 
say What difficulty is too great to be overcome by 
engineering skill? For ourselves, we are not disposed 
to look upon the Mersey tunnel as the climax of, rail- 
way difficulties ; nor have we the slightest doubt that 
all the difficulties connected with it will yield, and 
yield easily, to the ability of our engineers. Sir Charles 
Fox is most sanguine as to the success of the scheme, 
and those whose opinion is entitled to any weight, 
are equally hopeful. We may here repeat what we 
have already stated in our last number, that the line 
will be a mile and three-eighths in length, and have 
three stations, two in Liverpool, and one in Birken- 
head. The estimated cost will be 300,000/., with 
power to borrow 116,600/., as soon as the entire eapi- 
tal has been subscribed. The speed is to be at the 
rate of twenty miles an hour, and each train will be 
capable of conveying 500 passengers, The maximum 
rates for passengers are 9d., 6d., and 4d. for first, 
second, and third class; but the actual charges will 
be 3d., 2d., and 1d. The only opposition we have yet 
heard of is from the Mersey Docks and Harbour Board, 
who object to any interference with the bed of the river. 
The Birkenhead Commissioners have no power to 
oppose the measure. 

Another railway undertaking of equal importance is 
the proposed Companies’ line, which will run from the 
Birkenhead line at Bebington to the Liverpool Central 
station, crossing the Mersey by means of a high level 
bridge. This-scheme is strongly opposed by the 
Admiralty Board and the Dock Board, in consequence 
of some imaginary interference with the navigation of 
the river. The bridge will be 118 ft. above high-water 
mark, and the openings will admit ships of the largest 
tonnage afloat, so that it is difficult to see how it could 
in any way affect the navigation of the river. The op- 
position of the Admiralty would, of itself, be an in- 
superable barrier to the passing of the bill, and it is 
greatly to be hoped these gentlemen may be induced to 
retire from such a senseless and untimely contest. It 
is intended to run a branch of this line towards Aig- 
burth, and to form a junction with the Liverpool and 
Garston railway, near St, Michael’s station ; but this 
part of the programme is furiously opposed by the 
principal residents, in consequehce of its passing right 
through their grounds, thus “ the privacy ot 
their residences, and considerably deteriorating the 
value of their property. 

It is proposed to run an underground railway from 
Wapping to Bootle, there forming a junction with the 
Bootle and Aintree line, There will be openings at 
given points along the route, and access will be gained 
to the level platform by means of gentle inclines. This 
will be a most useful line, but it may be strangled in 
its infancy, owing to the opposition of the London 
and North. Western Company, and the Dock Board. 

former object to the scheme on the ground of its 
entering their territory by forming a junction with 
the Companies’ line: the latter on the ground of its 
effectually preventing them from extending the docks 
inland. in connexion with this line, it is proposed to 
have a magnificent station near the Exchange, which 
would ultimately serve for a terminus for similar lines 
to other parts of the town. 

The Manchester Sheffield and Licolnshire and Great 
Northern Railway Companies have purchased a large 
space of ground at the junction of Ranelagh-street and 
Church-street, whereon the Waterloo Hotel at present 
stands, for their New Central Station and Hotel. The 
route has been laid out, and in a comparatively short 
time, Liverpool will no doubt have a new and more 
satisfactory communication with Manchester, and also 
possess perhaps the best hotel out of London. 

It is impossible for us to embrace in one article all 
the new lines in which Liverpool has a strong interest ; 
but we shall recur to the subject again, and the above 
will show that the skill and talent of our best engineers 
will be required not only in the metropolis but in the 
provinces for a long time to come. 








Breprorp WATERWORKS.—Bedford, with a population of 
about 15,000, is te be supplied with water from wells sunk in the 
basin of the Ouse. The works are under contract by Mr. 
Moore ; the contract for the pumping engines having been taken 
by Messrs, Bevington and Topham, engineers, of Spa-road, 
Bermondsey. The engineer to the whole is Mr. John Lawson, 
C.E., of Parliament-street, and who was lately associated 
with Mr, Rawlinson, 





SUSPENSION ROOFS. 


THERE ate many situations in which roofs of large 
span would have been erected if it were not for the 
great cost of théir Gonstruction, or, in other words, 
there are many imstancts in which convenience has 
been sactiticed. to economy. Thus in many railway 
stations, marketaplaces, &o., a seties of small spans 
have been employed in etme age one, although 
the latter would not only have had @ effect, but 
would have allowed the space covered to be disposed 
to more advantage. Witha view of span. 
roofs at a much less ost Gyan has done, 
MM. Lehaitre and de Montdésir have proposed that 
they should be constracted the suspension prin- 
ciple. According to a description of theit proposed 
roofs, given in a paper read by M. Lehaitte before the 
Society of Civil Engineers of ce, they would be of 
two kinds; in one the chaing ing the rafters 
Would extend across the bui m one side to the 
other, whilst in the other variety they would be looped 
between the side walls and a& intermediate support. 

In a roof constructed on this principle, for covering 
& vircus having a central column, the rafters would be 
supported by chains, attached to a sheet-iron hood at 
the top of the coun, passed over friction rollers 
placed upon the bearing walls of a citeular gallery of 
masonry, and then secured in a maiher which would 
permit of awe ready examination, The roof would be 

| 


arranged in terraces, in the vertical s between 
which the lights would be introduced. MM. Lehaitre 


and de Montdésir, estimate that a roof of this character, 
for a circus 100 metres, or 328 ft. in diameter, the 
central column being of cast iron, and the eovering of 
zine No. 14 gauge, would not exceed 96 francs per 
square metre, equal to about 3/. 6s. 8d. per square 
yard. For a roof of the same size, but constructed 
without the central pillar, the cost is estimated at 90 
francs per square metre, or 3/. 2s. 6d. per square yard. 
The light in this latter instance would be admitted by 
a central lantern, the weight of which would be borne 
by the roof. The above prices include the cost of the 
side buildings above the ground level, but not the 
foundations. 

For rectangular buildings, it is proposed to carry 
the chains by columns placed upon the side-bearing 
walls, those parts of the rafters which are nearest the 
sides being slung from the chains whilst the central 
portions are supported by struts. The side buildings 
are to be used as anchorages for the chains. The cost 
of a rectangular room, 75 metres, or 245 ft., span, with 
side buildings, and covered in the manner just men- 
tioned, is given as 75 francs fay? square metre, or about 
21. 12s. id. per square yard, this including all work 
above the ivuak ted. The chains would in this case 
be placed at about 36 metres, or about 39 ft. 4 in. 
apart, and the lights would be introduced in the 
copings of the roof. If the columns over which the 
chains pass are lengthened and vertical lights intro- 
duced fobecen them the cost would be increased to 
85 francs per square metre, or about 2/, 19s. per 
square ool. 

The system is considered by MM. Lehaitre and de 
Montdésir to be applicable to roofs of 250 metres or 
820 ft. span, and they estimate that for such roofs the 
cost would not be more than two-thirds that of a series 
of roofs of the ordinary construction, each of 30 to 40 
metres span, covering the same area. They also pro- 
pose the application of the principle to the construction 
of buildings, with longitudinal and transverse galleries, 
suitable for exhibitions. The supporting chains may 
be made of wire, and distortion of the roofs is avoide 
by a system of bracing, composed of the rafters, sup- 
ports, and chains. 

Altogether, the system appears to be worthy of the 
attention of engineers, particularly at the present time, 
when the stations and other buildings connected with 
our railways are increasing in magnitude, and large 
span roofs are therefore becoming more or less matters 
of necessity. In the case of stations, where the side 
buildings forming the anchorages of the chains would 
be available for booking and other offices, the principle 
appears to be especially applicable. 








CentTRIFuUGAL Pumrs.—A competitive trial of Messrs. 
Gwynne and Co.’s, and Messrs, Easton, Amos and Sons’ centri- 
fugal pumps has for some time past been going on at the new 
Admiralty works, Chatham Dockyard. We are not at liberty to 
publish the results, but Majer ne R.E., has made a report 
to the Admiralty, which, when made public, will be of great 
interest to those who are engaged in drainage and other works, 
requiring the removal of large bodies of water. 

‘ne RoyaL AGricuLTuRAL Sociery.—It is generally 
known that the usual annual show of this society will not be 
held this year, in consequence of the prevalence of tne cattle 

lague. The next show, that of 1867, will however be held at 
bay St. Edmunds, as originally arranged for this year. 
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AMERICAN CUPOLA BLOWING MACHINE. 
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THE MACKENZIE CUPOLA AND BLOWING 
MACHINE. 


Tue Mackenzie cupola, now so largely employed in America, 
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of water, takes 8 to 9-horse power, and, at more moderate 
pressures, only 3} to 4-horse power; in any case, not more than 
one-balf that required for a fan doing the same work. The 
machine is almost noiseless, and it is, «f course, absolutely safe 


is of oval instead of circular section, and it has one continuous | from bursting in the manner of the fan, which lately caused the 
tuyere, forming a port, } in. or more in width, extending around | death of Mr. Davy, of Sheffield. 


its whole inner circumference. Mr. Briggs, the engineer to 


Although the particulars of the working of the Mackenzie 


Messrs. Morris, Tasker, and Co.’s great tube works, in Phila- | blower were given us by Mr. Briggs, we are indebted for the 
delphia, and who is now in London, informs us that one of his | drawing, from which our illustration has been engraved, to Mr. 


Mackenzie cupolas measures 7 ft., and 4ft. in its respective 
diameters, and that it is about 9 ft. high from the drop bottom 

with which all American cupolas are provided) to the charging 

oor. It is blown with a pillar of blast of about 24 in. of water, 
and is charged 4} ft. deep with iron and anthracite coal. It will | 
begin to — 7 in fifteen minutes from the time the blast is on, | 
and will run down 10 tons an hour. Indeed, the regular day’s 
work is 23 tons of metal brought down in 2} hours. The coal | 
used is a hard, compact anthracite, and 9 tons of iron are melted | 
for every ton of coal burnt. The average of some other large 
Philadelphia firms, with ordinary cupolas of small size, and | 
pouring only at intervals, has (within our own knowledge) not 
exceeded 5} Ib. to 1 Ib. of coal. 

The cupola already noticed was at one time blown by a 4 ft. 
fan at a speed of 1150 revolutions per minute, or nearly 241 ft. | 
ry porte ye the vane tips. The pillar of blast was commonly 

6 in. of water, and the indicated horse power in driving 18, h.p. 
Now the cupola is blown by a machine introduced by the same 
inventor, and known as Muackenzie’s blower. It is a rotary 
pump, or pressureengine, Within a fixed horizontal cylindrical 
casing, about 4 ft. in diameter and 4 ft. 6 in. long, as shown in 
the illustration, is placed a hollow revolving cylinder 3 ft. in 
diameter, and working against a wooden packing in one side of | 
the casing, the revolving cylinder being eccentric to the casing 
as shown. This revolving cylinder is divided longitudinally by 
three vanes, which are carried round by the motion of the 
cylinder, the vanes revolving, each independently of the others, 
and loosely around a fixed spindle at the centre of the outer 
casing. It will be seen that from the eccentricity of the revolving 
cylinder these vanes cannot move at a unifofm rate, the uniform 
movement of the inner cylinder being at one moment applied to 
a vane at its outer extremity, and again at about one-half its 
length, so that in the latter case it moves twice as fast as in the 
former. The angular motion due to the difference in direction 
of the radii of the cylinder and casing is provided for by cylindri- 
cal socket joints in the shell of the inner cylinder as shown. The 
—_ around which the inner cylinder revolves is keyed within 











e end brackets, the cylinder revolving freely around the 
spindle, the driving pulley or rigger being secured to one end of 
the cylinder. This spindle supports in a fixed position a pair of 
short “ crank” arms (of 6 in. radius), which carry at their ex- 
tremities the fixed spindle around which the three vanes revolve. 
‘This spindle has an oil hole throughout its length, with radial 


holes drilled through to supply the joints of the vanes with oil. 


The casing is thickly smeared inside with tallow, against which | 


the ends of the vanes work, forming a close packing of sufficient 
permanence. The air is received through one-fourth of the 
circumference of the outer casing, and is swept round, compressed 


| 


and discharged by a pipe at the bottom, as seen in the illustra- | 


tion. The ordinary rate of revolution is 120 turns only per 
minute. In the position of the vanes, as shown, the upper vane 
is not only moving into a larger air space than the lower one, 
but the upper vane also is receiving an increasing rate of motion 


William S. Hudson, manager of the Rogers Locomotive and 
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PATENTS AND Destcns.—A number of professional gentle- 
men in London, conversant with patent law and with mechanism 
and manufacturing processes, find almost constant engagements 
in conducting applications for patents and designs, on behalf of 
the inventors. Nearly every patent agent issues a circular of 
some kind, setting forth the conditions, duration, and cost of 
patents in Great Britain, and in foreign countries. Without 
wishing to make any invidious comparison, we may say that 
Messrs. Francis Wise, and Co., of Chandos Chambers, Buck- 
ingham-street, have issued the most complete collection of this 
kind of information which we have yet seen. We have gone 
carefully through it, and regard it as a high-class, although 
compact work of its kind; for, beyond the usual scope of publi- 
cations issued with a like object, and worthy the attention of 
all who are interested in patents, whether at home or abroad, 
Mr. Wise was for many years head draughtsman at Messrs. 
Joseph Whitworth and Co.’s, Manchester, and had there special 
advantages for making a sound acquaintance with mechanical 
engineering in many of its branches. 

Tue ArLantic TeLeGRAPH.—A correspondent has taken 


| the pains to work ont several calculations relative to the 


from the inner cylinder, while the rate of motion of the lower | 


vane is at the same moment diminishing. The rate of angular 
motion of the vanes, respectively, depends, of course, upon the 
point in their length (measured radially) at which the inner 
cylinder may be forcing them round. 

This is a forcing machine, in which almost any blast may be 
bad. The one described, when carrying a pillar equal to 24 in. 





strength of the Atlantic cable, with the object of showing that 
the “notes” given in our last number, and compiled from an 
official source, were erroneous. We may add, therefore, that 
each of the ten outer wires of “ homogeneous iron,” as made by 
Messrs. Webster and Horsfall, was by the contract required to 
bear a strain of from 850 Ib. to 1100 1b., with an elongation of 
half an inch only in fifty inches; the breaking strain of the 
cable, as was stated by us, being 7 tons 15 ewt. Mr. Fairbairn’s 
paper on the whole subject appeared in the Quarterly Journal 
of Scie nce, for October, 1864. 
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Machine Works, Paterson, New Jersey, U.S. Mr. Hudson 
writes us that he has had one, of the form and size described, 
at work for five years or more, and that he is well pleased with 
it from the small amount of power and the slow speed re- 
quired. We may be permitted to add that Mr. Hudson is an 
English engineer, formerly a pupil of George Stephenson’s. He 
has resided for about thirty years, however, in America, and is 
now at the head of the largest locomotive works in that country. 

The Mackenzie blowers are made by Messrs. Smith and Sayre, 
of No, 484, Broadway, New York. 


Hematite Iron.—At the Wigan Coal and Iron Company's 
Works, at Kirkless Hall, five blast furnaces are working on the 
North Lancashire hematite ores. The ore contains, by analysis, 
68 per cent. of iron and 50 per cent. or thereabouts are extracted 
in actual practice. Each furnace gives 20 tons nearly at a cast, 
or from 50 tons to 60 tons a day (for at Kirkless Hall they tap 
three times a day), or say, 400 tons a week. Mr. Lancaster 
will erect five other furnaces of like size. Messrs. Schneider, 
Hannay and Co.’s furnaces at Barrow in Furness, run out, it is 
understood, 500 tons each weekly. They are 16 ft. 6in. in 
internal diameter, and 56 ft. high, but their form is such that 
they have the great capacity of 9300 cubic feet. 

PicGorr’s SuBMARINE CABLE.—Some few weeks since a 
telegraph cable of a peculiar construction was laid under the 
Channel from Dover to Cape Grisnez, on the French coast. It 
was noticed at the time in the City article of the Times, and 
those who were unacquainted with telegraphy, were led to form 
unwarranted hopes of its success. The cable appears to have 
proved a total failure. It was formed of three wires, one of 
iron, uninsulated, and two copper wires slightly insulated. The 
idea was to make the cable a battery from which the operator 
would withdraw power, instead of a road over which it must 
be transmitted. The cable was theoretically a mistake, and could 
but prove a failure in practice. 

A New Worp.—Some of the New York papers now head 
ry ——- containing the accounts of railway accidents, 
“ Viatricide.” 

Sate or A Rateway.—The Wexford and Bagnalstown 
Railway, a line 21 miles in length, was lately put up for sale in 
the Dublin Bankruptey Court. It was knocked down to a Mr. 
Motte for 25,0002. 
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THE AMES GUN. 








Ws herewith give our readers a longitudinal and transverse 
section of the Ames’ gun, the mode of manufacturing which was 
explained in an article on page 11 of our firstnumber. The gun 
shown in the engravings has an 8-in. bore, and is made with 
three rings around the central block, instead of two, as in the 
7-in. guns described in the article referred to. ‘The small figure 
shows an elevation and section of one of the discs of which the 
gun is composed. Sixteen 50-pounder guns have been made by 
Mr. Ames, upon his principle. They have been employod in 
naval service, and their use in the United States would no doubt 





have become more extended but for the cessation of the war. We 
described in our former notice the severe proofs to which the 
7-in, gun was subjected by the board appointed by President 
Lincoln to test it; but we omitted to mention that the final re- 
commendation of the committee was, that the gun should be bored 
out to 8 in., and the trial then extended: no better proof could 
be given of the endurance of the gun. Mr. Ames’ first English 
= was taken out on the 6th January 1865, and asecond has 

ntaken out by him on the same date this year. It is his in- 
tention to apply steel inner tubes to some of his guns. Mr. 
_ has now made upwards of thirty of these guns of different 
calibres. 








COMMUNICATION BETWEEN PASSENGERS AND GUARD.—A 
trial has been lately made on the London and North-Western 
Railway of a system of communication proposed by Mr. Howell, 
the secretary of the Peninsular and Oriental Company. Accord- 
ing to this plan, each carriage is provided with a length of elastic 
air-tight tubing which passes underneath it, the various lengths 
being coupled between the carriages by a simple screw-joint. 
From this main tube a branch is led into each compartment, 
these branches terminating in a small box fitted with an air-tight 
lid. The main pipe is connected to the blast pipe of the engine, 
and a partial vacuum is thus maintained in it when the engine 
is at work. When a passenger desires to signal the guard, he 
raises the air-tight cover of the small box at the end of the 
branch tube in his compartment, and a small ball is then driven, 
by the pressure of the air, along the tube, into a receptacle in 
the guard’s van next the engine, on arriving in which it liberates 
a detent, and fires a percussion cap, thus calling the attention 
of the guard. Each ball is marked with the number and class 
of the carriage to which it belongs, and the guard is thus in- 
formed from whence the message is received. We inspected the 
apparatus some weeks ago, and although the idea is an ingenious 
one, we are afraid that practically, there will arise many objec- 
tions to its use. For instance, when the train is descending an 
incline, and steam is not on, no vacuum will be formed in the 
tube ; the whole apparatus is also likely to be disabled by a leakage 
of the box covers or of the joints near the front end of the train. 
In any case, the signals can only be transmitted towards the 
engine, and the system is therefore not applicable, unless the 
guard’s van is at the leading end of the train. 

Tancyr’s Patent PULLEY BLock. — Messrs. Tangye, 
Brothers, and Price, have made an important improvement 
upon Weston’s patent differential pulley blocks, of which they 
have long been the sole makers, ‘The new blocks are made so 
that with two hooks for taking the weights to be raised, one is 
always descending while the other is rising. When one is land- 
ing its load at the top of the lift, the other is ready at the 
bottom for another weight. Hence no time is lost in running 
down the hook. It has always been urged as an objection to 
Weston’s pulley, that it required almost as much time in lower- 
ing a8 in hoisting. With Tangye’s new block, also, the length 
of the chain remains constant, so that it might, if desired, be 
driven by a toothed wheel, by steam or other power. The im- 
provement is very marked when compared with the original 
pulley of Mr. Weston’s, which is now likely to be altogether 
Superseded, although about 25,000 have been made. 





Tue ALLEN-ENGINE.—Few engineers can have any idea of the 
iabour that Mr. Porter, the patentee of the Allen-engine has 
encountered for the past two or three years in perfecting its 
details. As now made by Messrs. Ormerod, Grierson and Co., 
of Manchester, this engine is. giving very satisfactory results 
when worked at a piston speed of 600 ft. per minute, and with a 
five-fold expansion of steam. With small single engines as 
much power, and as great a uniformity of motion, are obtained 
as with the old style of much larger coupled engines, and there 
is reason for believing that the new engines will have equal 
durability in working. 

Tue Tramway. Scueme.—The Metropolitan Tramways 
Compan po this session, to construct tramways with an 
improved form of rail, from Upper eng, Sd Finsbury-square ; 
from the crosssng of the Great Northern Railway, by the Seven 
Sisters’-road, through Camden-town, and Tottenham court-road 
to Oxford-street; from Edmonton Station, of the Enfield branch 
railway, to Kingsland-green, and from Stratford New Town to 
Whitechapel, High-street. If tramways are ever tolerated in 
London, it will, we think, be only in streets paved with block 
paving, as the rails and general surface of the road will be 
always varying where the latter is covered with Macadam. 


Lonpon Coat Trape.—The condition of the London coal 
trade during the past year, as shown by an average increased 
cost to the consumer since 1863 equal to 2s. per ton, in the face 
of a very large continuous increase in the imports, amounting in 
two years to nearly 800,000 tons, is calculated to excite anxiety 
among the manufacturing public. During the last two or three 
years the price of coal in London has gradually risen until the 
market rate for 1856 now exhibits an average of 20s. 2d. per 
ton. This fact is doubtless due, in a great degree, to an in- 
sufficient supply, and although Parliament sanctioned one or 
two lines intended to develope the South Wales coal fields, and 
notice has been given of numerous applications in the approach- 
ing session for projects with the view of facilitating an increase 
of traffic in pod to the metropolis, there is little question that 
until the lines already authorised, and others for which ap- 
plications are pending, shall have been constructed, there 
must be a gradual and probably a considerable advance in 
price. So much has the want of coal been felt during the 
past twelve months that early in the autumn manufac- 
turers were carrying on their trades from: day to day 
with the most precarious supplies, and had not the portion 
of the winter towards the end of the year been of the most 
exceptional character as regards temperature very great incon- 
venience must have been experienced by all consumers. Under 
these circumstances it is foreseen that, unless an increase of 
railway facilities be steadily provided, the extensive trades. in 
iron for shipbuilding and other purposes must be driven, by the 
high rate of wages and the cost of iron and coal, from London to 
other manufacturing towns, better situated in these respects, 
such as the northern ports, Swansea, or Glasgow, &c. Some 
important lines for saving of distance and effecting junctions 
and interchange of traffic will be laid before Parliament this 
Session, and especially one or two calculated to distribute the 
coal brought by northern railways to the east end of London and 
the Victoria Docks, the principal centre of manufacturing in- 
dustry and for shipment of coal abroad. While the ratio of 
increase in the supply has been during the last 15 years at 
the rate of 57 per cent., the ratio of increase for export and 
supply beyond the limits of fhe district has in that period been 
at the rate of upwards of 400 per cent.— Times. 

ARTIFICIAL StoNE.—We learn that Mr. Frederick Ransome, 
who has for so many years laboured unceasingly to produce 
good durable stone, by artificial means, has brought his opera- 
tions to a point which has attracted a large amount of capital for 
the erection of artificial stone works at East Greenwich, next to 
Messrs. Bessemer Brothers’ Works. It is, indeed, rumoured 
that Mr. Bessemer is among the gentlemen who have embarked 
in this now promising undertaking. 

Tue Socrery or EnGinerrs.—This society (not the 


Mr. Cuarttn’s Sutpe’s Enxatye.— Messrs. Alexander 
Chaplin and Co., have now at work a number of their patent 
ship's —, which are so completely contrived that they will 
hoist and lower cargo, reef the sails, supply the ship with pure 
aérated water, cook the provisions by waste heat, and finally, by 
means of a floating paddle-wheel, lowered upon a jointed spar, 
it can drive a large ship, when becalmed, at ‘the rate of. two 
knots an hour. In crossing the equator, there is a belt of 
nearly 100 miles, in which there-is often no wind at all, and 
where sailing ships often lie becalmed for days together. So 
simple, cheap, and effective an — as Mr. Chaplin’s must 
proveof great value to all ships making long voyages. 


Rarrway CarriAGe MAKING MAcHtNERY. — Messrs, 
Samuel W. Worssam and Co., sawmill engineers, of Chelsea, 
have lately completed a large quantity of railway carriage 
making machinery, which has been set up in the new carriage 
works of the London, Chatham and Dover Railway, at Long- 
hedge, Battersea. 


OvernousE TELEGRAPHS.—The well known correspondent- 
“Y.” of the Times (Dr. Percy), raises a warning voice against 
the long spans of telegraph wire crossing many of our streets 
very obliquely. During last week’s snow many of them broke, 
to the great Looe of persons in the streets. Several serious ac- 
cidents were reported. 


Tue Inner Crrcte Ratway.—Mr. Fowler’s proposed 
“ Collecting lines,” single line railways worked upon the 
ager system, in conjunction with the Metropolitan and 

etropolitan Extension railways, will not be proceeded with this 
session. One had been proposed under Gower-street, another 
under Great Portland-street, another under Baker-strevt, &c. 


Tue Direcr Line to Sourn Wares.—The bill for the 
Midland and Great Western Direct Railway, has been withdrawn. 
This line was a rival of the South Wales Direct Railway, which 
is to include the great bridge over the Severn. No capital for 
this work, so far as we know, has yet been subscribed. 


INDIA-RUBBER Joints.—If a disc of india-rubber be placed 
between two discs,one of brass and one of iron, and strong pressure 
be then applied, it will be found, when the pressure is removed 
that the iotie-cubher will adhere strongly to the brass, but will 
leave the iron easily. This is shown when joints between brass 
flanges and boilers which have been made with india-rubber pack- 
ing are broken, even if no heat has been applied since the joint 
was made. ‘Ihe above fact accounts for brass Pipes, sliding 
through india-rubber packing, sometimes sticking fast; if the 
pipes were of iron, they would in all probability work freely. 

Dr. Enruarpt’s BLAstinc Powper.—Dr. Ehrhardt, of 
Richmond-road, Bayswater, some time ago patented a new gun- 

wder, which he has lately further improved, and, as appears 
rom the reports of several Cornish miners, with good results. 
His blasting powder consists of two separate mixtures, each inex- 
plosive by itself, and these mixtures are only united by mechani- 
cal mixture, when required for use. As now improved, the two 
mixtures are, first, 14 parts by bulk, each, of chlorate of potash 
and nitrate of potash, and, second, 1 part by bulk of cutch to 2 
parts, also by bulk, of powdered cannel coal, the whole bein, 

nely powdered ; the chlorate and nitrate of potash to be mix: 

together, and the cutch and cannel coal mixed together. These 
two compounds thus obtained are to be thoroughly incorporated 
when required for use. To manufacture gunpowder adapted for 
warfare and for sportsmen, Dr. Ehrhardt uses 4 parts, by weight, 
of chlorate of potash, and 1 part, by weight, of tannin or cutch, 
the whole to be finely powdered. For explosive shells and such 
projectiles he uses 6 reve by weight, of chlorate of potash, and 
1 part, by weight, of tannin, the whole to be finely powdered. 
Powder made as above stated may be granulated, but for safety 
in storage and transport it is preferred to keep the chlorate and 
nitrate of potash separate from the other ingredients, as by 
simple mixture they may be made ready for use. 

BrearinGs or Hicu Sreep Suarrs.—In the planing and 
moulding machines made by Messrs. Worssam, an excellent 
arrangement is employed for adjusting the bearings of those 





venerable body known as the Smeatonians) now s about 
350 members of all classes. Its rules have been recently re- 
vised and improved; the rate of entrance fee and annual sub- 
scription increased to two guineas each, and a “ building fund ” 
has been begun, the subscriptions already amounting to some 
2007. The object of this fund, is to lease suitable rooms for 
permanent offices and a library. The Society meets on the first 
and third Monday evenings of each of the winter months in the 
Lower Hall, Exeter Hall. At the meeting on Monday next, the 
President for 1866, Mr. Zerah Colburn, will deliver his 
inaugural address. The Honorary Secretary of the Society, is Mr. 
Alfred Williams, of 64, Bankside, S.E., to whom gentlemen 
desirous of joining should make application, 


pindles which run at a high speed. The top brass is fitted 
with four set-screws passing vertically through the corners of 
it, the points of these screws projecting below the upper and 
bearing upon the lower brass, When the bearing is screwed up 
the pressure does not come upon the shaft but is sustained by 
the set-screws, and by means of these the tightness of the 
bearing can be adjusted with the utmost nicety. 

Saxsy AnD Farmer’s Patent Rattway SIGNALS.—A 
number of junction signals are now being erected upon the 
Great Eastern Railway by Messrs. Saxby and Farmer; and we 
understand that a shop for the special accommodation of the 
workmen employed by this firm has ,been lately erected at the 
company’s works at Stratford. 
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INJECTORS ON LOCOMOTIVES. 


Since the introduction of the injector into this 
country in 1858, above 9000 of these instruments have 
been set to work. Of this great number, more than 
two-thirds have been applied to locomotive engines, 
and in no situation have injectors done better service. 
Previous to the use of the injector, it is probable that 
at least one-third of the ate number of “ failures” of 
locomotive engines were caused by defects in the 
pumps or the parts connected with them, the bursting 
of the feedpipes and the breaking away of these pi 
from their ioaee being especial sourees of trouble. 
In frosty weather, the number of stoppages arising 
from such causes was largely increased. On the con- 
trary, in the case of engines fitted with injectors, a 
failure arising from an accident to the feed ap; us 
is quite exceptional, not only in mild, but im inclement 
weather. We do not of course mean to state that in- 
jectors never fail; sometimes the nozzles become 
stopped by some foreign matter admitted with the feed 
water, and sometimes the decay of the internal packing 
allows the steam to be admitted into the water chamber, 
and so stops the working of the instrument ; but, as a 
rule, such accidents seldom occur, and they are gene- 
rally preventible by proper care and attention. 

Many objections have been urged against the use of 
the injector on locomotives. It has been stated that 
its working could not be depended upon; that it 
could not be used during shunting; that the flow of 
water through the nozzles would rapidly wear them 
away and that, as it could not be used with very hot 
feed water, its use could not be economical. To the 
first of these statements the fact that the boilers of 
many hundred engines are fed entirely by injectors, is 
sufficient answer; thus on the London and North- 
Western, the Great Eastern, the North London and 
several other lines no pumps whatever are applied to 
the new engines. There is no doubt but that the 
manner in which the injector is applied affects very 
considerably the certainty of its action. In the 
first place the pipe by which it is supplied with 
steam should be attached to the steam dome or to a 
high Y of the boiler, so that dry steam may be ob- 
tained not only when the engine is standing or run- 
ning, but also whilst shunting is being performed and 
the water in the boiler is consequently agitated. The 
injector should, whenever practicable, be so situated 
that the water from the tank flows into it, and has not 
to be drawn up or lifted. Cold water can be lifted by 
the ordinary injector from a depth of about five feet, 
and, by the aid of some improvements which have 
been recently made in the instrument, and which we 
shall describe presently, this height of lift can be ex- 
ceeded ; but in order to secure certainty in the work- 
ing of the apparatus, it is better that the water should 
either flow into it, or should not require being raised 
more than ‘a foot or eighteen inches. The feedpipe 
should also be so arranged that the supply of water to 
the injector is never cut off by the oscillation of the water 
in the tank or tender when the latter is partially empty. 
This may be avoided by leading the feedpipe from a small 
tank sunk below the level of the main one, or by placing 
a shallow plate around the mouth of the feedpipe, this 
plate forming a species of dam, and enclosing a quantity 
of water sullicient to keep the injector at work during 
the time that the part of the tank to which the feed- 
pipe is attached might be left dry by the oscillation of 
the water. In cases where the injector is fed from a 
pipe connecting two tanks, this pipe, if made of suffi- 
cient capacity, will answer the purpose of the lower 
tank just mentioned. That the wear of the nozzles, 
caused by the rapid passage of the water, will be very 
inconsiderable, even if it takes place at all, is shown by 
the fact that, in cases where the feed water used con- 
tains a large quantity of lime, a slight crust or deposit 
is actually formed inside the receiving nozzle, and has 
to be occasionally removed. 

The question whether injectors can be employed to 
feed a boiler, as economically as pumps used in con- 
nection with an efficient feed water heating arrange- 
ment, has been considerably discussed. If the quantity 
of fuel consumed ia either case formed the only test 
of economy, it is quite possidle that little advantage 
would be acquired by using the injector, or indeed 
that the gain might be the other way, although we are 
unaware of any series of trials by which this has been 
proved. Practically, however, the immunity from 
failures which is given by the injector, far more than 
counterbalances, as railway engineers well know, any 
slight increase which can possibly occur in the con- 
sumption of fuel, whilst the absence of working parts 
also reduces the cost of maintenance. 

We have mentioned that by special arrangements the 
injector can be made to draw water from far greater 








depths than when made in the ordinary way. Accord- 
ing to one plan (that adopted by Messrs. Sharp, 
Stewart and Co.), the overflow pipe is surrounded by 
a casing of a trumpet shape, this casing projecting 
beyond the end of the pipe. Steam is admitted into 
the annular space between the pipe and casing, and this, 
oneng « an annular jet, produces a vacuum in the 
water chamber. Water has been raised by this means 
as much as 16ft. Another plan, patented by Mr. 
Andrew Barclay, of Kilmarnock, consists of an exten- 
sion of the conical spindle by which the admission of 
the steam is regulated, beyond the delivery cone. The 
steam, when turned on thus, escapes through the 
delivery cone in the form of an annular jet, and it is 
stated a vacuum is thus formed in the water chamber 
sufficient to raise the water from a depth equal to that 
from which it can be drawn by a common pump. 








THE STEAM TENDER. 

Wirnt 35-ton all-coupled goods engines, Mr. Stur- 
rock, the locomotive superintendent of the Great 
Northern Railway, has been led to add cylinders and 
working gear to his tenders, and thus to work with a 
total adhesion weight of about 60 tons. Without this 
addition, it is understood that not more than 28 
loaded wagons can be regularly taken up certain 
inclines, whereas with it the engine can manage 45 
wagons. We are not, perhaps, justified in attributing 
these statements to Mr. Sturrock himself, although he 
is the patentee of the steam tender, and allows it to be 
recommended, upon the strength of such. statements, 
to railway companies almost everywhere—not only in 
England, but, as we happen to know, in France and in 
America. The supposed advantages of the steam 
tender were not long ago described in a paper which 
gained a public hearing, and which, it was understood, 
advanced many statements upon Mr. Sturrock’s 
authority. We only mention this in order that, 
should the statements be incorrect, we may not be 
held responsible for their accuracy. It was said 
that the engines had 16in. cylinders, 2 ft. stroke, 
and 5 ft. wheels, and that the tenders, also  six- 
coupled, had 12 in. cylinders, 15 in. stroke, and 
4 ft. 6 in. wheels. Now with equal pressures per 
square inch of the four pistons, the tenders could 
exert an additional power equal only to 39 per 
cent. of that of the engine; yet the work actually 
done is represented as nearly 61 per cent. greater 
than with the engine working alone. This, how- 
ever, is not quite a fair comparison, since, in either 
case, the engine and tender, weighing 60 tons ne 
the average of the varying weight of the tender), an 
including. their resistances beyond those of an equal 
weight of load drawn, represent, perhaps, ten wagons 
more, making, in the consideration of resistances a com- 
parison of, say 38 wagons with55. But even with this 
allowance (and we make it only as probably near the 
truth) the steam tenders would appear to be doing 
nearly 45 per cent. as much work as the engines, and 
this in addition to the work of the engines. We do 
not wish to commit ourselves too far, and it may be 
that the engine and tender of 60 tons weight, are 
equal in resistance to fifteen wagons of 150 tons 
weight. We' have had much to do with experiments 
upon locomotive traction, and we do not believe that 
so large an allowance for engine and tender resistances 
can be justified ; still, if it may be, then the equivalent 
comparison is as 43 wagons without the steam tender, 
to 60 with it, the excess to be credited to the tender, 
being say 39 per cent. as already ascertained, sup- 
posing the engine and tender to carry equal pressures 
on their cylinders, and supposing, further, that what- 
ever the maximum cylinder pressure in the engine, the 
boiler can also supply steam to the same pressure in 
the cylinders of the tender. Now the moment an 
engineer becomes a patentee, he becomes a tradesman, 
We do not say this reproachfully; but no man would 
secure a patent unless he hoped to make money by it. 
And.when a patentee makes or authorises statements, 
they rank merely (unless specific and sufficient reasons 
are assigned) with the statements of the tea dealer, or 
the medicine vendor, or the haberdashery firm, who are 
always ready to distance and out-do every one else in 
their trade. It is not long since we were informed, 
in a meeting of a professional society, and by a person 
who we trust was a self-constituted mouthpiece of Mr. 
Sturrock, that the steam tender was a aoe suc- 
cess;” and that objections which, founded on reason 
and common sense, had been brought against it, were 
“ swept to the winds,” by the great fact of such suc- 
cess. Let us see. 

What is the-steam tender for? Is it to obtain 


have larger cylinders. We may say at once 
that for 35 tons adhesion weight, 16 in. cylinders 
are too small, the stroke being 2 ft., and the diameter 
of the wheels 5 ft. Such proportions, we are sure, 
are wrong in themselves. Ordinarily, 35 tons adhe- 
sion weight should give at least 5 tons of useful adhe- 
sion, but such cylinders would only give a corre- 
sponding amount of traction when the pressure 
amounted to upwards of 110lb. per square inch. 
For all the internal resistances must be overcome be- 
fore any steam, tractive force cap reach the driving 
wheels, and if a usual estimate of these resistances 
be made, it would require a mean cylinder pressure of 
more than 1201b. in the engines in question, to give 
an effective traction force of 5 tons. We are aware 
that Mr. Sturrock works his engines to 150 lb., and 
even 1601b., and we are aware, too, that they are 
very frequently exploding, to an extent, indeed, 
which has long ago led locomotive engineers «to 
seriously call in question the management of the 
engines of the Great Northern line. But we do 
not suppose that mean cylinder pressures much 
greater than 120 lb. are maintained, especially at the 
high speeds at which the Great Northern goods trains 
are said to run. If 18 in. cylinders were employed as 
they ought to be, one-fifth less steam pressure would 
do the same work upon inclines; or, in other words, 
95 lb. instead of 120 1b. It is indeed, a proposition 
which the conductor of this journal long ago slenteed 
and maintained, that only large cylinder engines should 
be employed upon railways of undulating section. ‘The 
reasons are plain. Large cylinders admit of a high 
and economical degree of expansive working upon 
levels, while they also permit of the employment of 
high continuous cylinder pressures, at slow speeds, 
upon those portions of the line offering great resistance. 
We know the opinions of the leading locomotive engi- 
neers upon this subject, and we are assured that the 
prevailing opinion of the profession is directly opposed 
to the small cylinders of the Great Northern engines. 
But for these small cylinders we are disposed to be- 
lieve that we should never have heard of the steam 
tenders. 

On the other hand it may be held out that 35 tons 
adhesion weight is too little for even the present 16 in. 
engine cylinders. We do hope that no one at this 
period wishes to raise the question as to. the co-efficient 
of adhesion to. weight, under ordinary conditions. The 
whole subject has been discussed until it is not merely 
threadbare, but decomposed. As it stands, we can 
only regret the insufficient information of those who 
are not. by this. time informed that locomotive adhesion 
may amount to one-fourth of the adhesion weight, upon 
a good dry rail. And it is always within the power of 
any locomotive superintendent to maintain this or 
nearly this maximum adhesion in all weathers, if he 
really cares to take the trouble. It is merely.a ques- 
tion of sand; when driving wheels slip, sharp dry sand 
should always be ready. There are but two or 
three railway companies in the kingdom, who 
make a proper use of sand under the wheels of their 
engines. We may truly say that the present working 
of the North London Railway—by far the: hardest 
worked line, next to the Metropolitan, in the world— 
would be impossible but for sand, Those who have 
employed sand in a proper manner, as is, the case on 
the North London line, know that it will. véry mony 
correct the worst slipperiness of rails in an English 
climate. At present but few lines have proper sand- 
boxes. As. on the North London, they should be 
worked from the footplate only, and should drop sharp 
clean dry sand equally upon both rails, just in front 
of the bite of the driving wheels. When such sand- 
boxes are employed upon the Great Northern line 
there will not, we are certain, be any excuse for the 
steam tenders. On the North London, Mr, Adams 
has publicly stated that his line could not be worked 
to time without sand. The engine drivers are made 
to know that no such excuse will be admitted when, 
being late, they pretend that they are late because of 
their engines slipping. There is plenty of dry sharp 
sand, which can be thrown equally upon both rails by 
one touch of a handle upon the footplate, and the 
drivers have no business to allow their engines to slip. 
This is not a theory, but a continued practice, and 
already maintained for some years. 

It is the want of a proper knowledge of the value 
and application of seed that has led to the steam ten- 
ders. These tenders consume a great deal of steam 
without turning the exhaust up the chimney for 
draught. Their exhaust steam is not, therefore, avail- 
able for chimney draught, and so, it would appear, 
much of the steam-producing power of the engine Is 
lost by them. Then there is necessarily a considerable 





more piston. area? If so, the engines ought to 
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amount of condensation in the steam pipes, especially 
in weather like that of the last few days. ere is 
the constant wear of the tender steam gear, which 
must constantly be running either in steam or in oil; 
and it is placed behind the engine, open to all the dust 
blown up from the line, and to all the sweepings from 
the footplate. It must always be at work when it is 
not wanted. It has been said that the extra cost of 
the steam gear for the tender is but 450/.; but what 
locomotive maker could produce it at this rate? 
equal, at 5 per cent. interest only, to $d. per mile for 
the average annual mileage of 16,200 miles for a good 
engine. The weight of the tender is increased, too, 
about 6 tons, and the wear and tear due to this weight, 
and including all expenses of moving it, cannot be so 
little as 1d. per mile run. 

It is always to be borne in mind that the steam 
tender is not new. It was long since employed 
and abandoned in France, and various proposals upon 
the same plan have been from time to time advanced 
without gaining adoption. We believe the steam ten- 
der to be a mistake. 








PROPORTIONS OF CAST-IRON PIPES. 


Tue following paper was contributed to the Journal of the 
Franklin Institute, by Mr. Robert Briggs, engineer to the firm 
of Morris, Tasker and Co., of Philadelphia. Mr. Briggs has 
been engaged in the manufacture of pipes for many years, and 
the data given in his paper are consequently derived from valu- 
able experience : 

The proportions for cast-iron pipes with faced flanges given by 
the following formulas and tables, have been reached after many 
years experience in their manufacture and use. 

Those dimensions which are given by the first set of formulas 
(for 75 lb. pressure) have been quite extensively adopted in the 
— of engineers and machinists, the past eight or ten years. 

hey give the minimum diameters to the flanges which will 
allow six-sided nuts of proper diameters to be turned, and they 
give also such thickness to each flange, as has been found 
practically ample when the joint is faced all over, and either no 
packing or a very thin one over the whole joint surface is used. 
After the manufacture of many thousand of lengths, to these 
dimensions, no instance of failure to give tight joints or of 
breakage from unequal shrinking of the casting, or of 
breakage from want of strength, is remembered. And the great 
excess of strength to withstand the internal pressure at which it 
is proposed to use them is made evident by the formulas. There 
has been found, however, a demand for flanged cast-iron pipes to 
carry about 100 lb. pressure, united with a requirement for 
flanges so large that the common square nuts (which have their 
inscribed diameters equal to twice that of the bolts on which 
they belong) can be readily turned on the back of the flanges, 
and also with a requirement for flanges so thick as to withstand 
the unfair strains occasioned by the use of packing rings made 
of yielding materials and placed within the diameters of the bolts 
as a substitute for surface packing. 

It is of no avail to argue with those who, from false economy, 
purehase bolts and nuts by weight with little question as to 
quality ; neither is it advisable to demonstrate the unworkman- 
like character of the joints made by packing rings, or the un- 
mechanical procedure of making up lengths or getting small 
angles in this way. It is enough that flanges can be made 
sufficiently large and heavy to overcome these defects in con- 
struction, and also sufficiently accurate to be used in the legiti- 
mate way. To meet these conditions the second set of formulas 
and tables have been made. It is not proposed at this time to 
enter into a discussion of the derivation or the character of the 
formulas. We will only say as regards the thickness, that on 
the smaller sizes, say below 12in. diameter, the constant of 
thickness required for sound castings is very much in excess of 
that demanded to resist internal pressure, and that the formulas 
establishing me number and size of bolts have been based on the 
assumption that for 75 1b. pressure, 4 in. pipes require 5—+; in. 
bolts, or for 100 lb. cotnien, the same ie S clans require 
5—f in. bolts, and that for both 75 lb. and 100 Ib. pressure, forty- 
eight inch pipes require 36—1}in. bolts. The results of this 
assumption, as a whole system, have been carefully investigated 
and found to give a value for the tensile strength of the wrought 
iron below the roots of the threads of the bolts, as compared 
with the tensile strength of the cast iron demanded to sustain 
internal longitudinal pressure, in the ratios of 2} to 34 times, 
the lesser ratio being on the larger bolts where the danger of 
neeng by the workman in screwing up the bolts is the 
east. 

ForMuLa For THICKNESsgS OF Pipss, &c. 
Let r=thickness of pipes in c= co-efficient of proof above 
inches. working pressure. 
D=diameter of pipes in s= thickness necessary for 
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which gives for 75 lb. pressure and 15 times absolute strength, 
without constant for sound castings, 

*, T= 0.02604 p+0.25 
suppose as before except that 

p=100lb., c=3.28, c1=4, ce12 13.125,  « 

which gives for 1001b. pressure and 13.125 times absolute 
strength, without constant for sound castings. 

2 T=0.0304 p+0.292. 

FoRMULA FOR THE FLANGES. 


75 Ib. 100 Ib. 
Ast. Thickness of ,— 0,026 p+-0.25" = 0.0304 p+-0.292" 
2d. > ee of boss =0.03 p-+-0.31 = 0.035 D-+-0.44 
3d. Length of boss = 0.05 n-+-1.10 =0.05 p+1.10 
4th. Thickness of} = 0.0333 p+0,4 =0,04 p+-0.6 


flange finished § ~ 


5th. Thickness of 


flange in the t = 0.0363 p4-0.45 =0.045 p+ 0.86 
rough 
6th, Radius of hollow none given = 0.008 p+-0,16 
7th. Centre of bolt 
to outside of > =114d+-0.1 =12)5 d+-0.05 
, one 
8th. Centre of bolt 9 
to hollow at $= rank =1.95 d+0.1 
root of flange . 
Sth. Diameter of ? _ 1.03 d-+-0.03 =103 d+0.03 


holes in flange 
A=outside diame- 
ter of flange 
Qi=diameter of 
centre of holes 
N=number of bolts 


=106 p-+4,28d+4+1.22=1.086 p+-5 d+1.50 
=1.06 p4-2.08 d-41.02= 1.086 p+2.5 d+ 1.40 
= 0.7046 p-+-2.182 


0.01785 A 2-+-0.2052 
d=diameter of bolts =1.1824] : eA + 








+-0.0492* 


In the tables following, the exact figures obtained for A, A1, 
N, and d, by the formulas are not given, but instead, the aliquot 
figures in inches or sixteenths nearest to fractional ones derived 
by computation. 

There is, besides the dimensions derived from the formulas, 
two columns giving the convenient lengths for each piece, and 
the ‘ee weight of each length with the flanges in the 
rough. 

‘Table of dimensions for Flanged Joint Cast Iron Pipes, in- 
tended to carry 75 lbs. per square inch working pressure. 
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3 | .328}.40 | 1.25] .50 | .56 55) 64) 53) 4/4) 8] 94 
34] .341] .415] 1.28] 511) .571 61| 74] 55%; 4 15%] 8 | 113 
4] .354].43 ]1.50] 53 | .593 61] 8 | 6) 5t|%5| 8 | 134 
5 | 380] .46 | 1.36] .56 | .626 61] 9 7 6%] 8 | 176 
6 | .406] .49 | 1.40] 60 | .67 :63| 103] 8t2! 6 |'] 9 | 250 
8 | .458] .55 | 1.50) .66 | .736 .68| 124/10,%,| 8 | g| 9 | 360 
10 | .510} .61 | 1.60] .73 | .81 81| 16 {13,3,)10 9 | 614 
12 | .563] 67 | 1.70} .80 | .89 -93| 17$]15,8,/10 : 9 | 685 
16 | .667! .79 | 1.901 .93 | 1.018 93] 22-1198, 14 9 |1110 
Table of dimensions for Flanged Joint Cast Iron Pipes intended to 

carry 100 lbs, per square inch working pressure. 

in.) in, | im. | ins] im. | in. | in. yin.) im.) in. )No.lin,) ft. Tbs, 
3 | 8832] .545|1.25| .72] .8 |.184).61| 74] 6 | 4 |,%| 8 | 1183 
34| 3984! .563]1.28| .74] .82 | .188).61] 8 | 6g | 5t}%;| 8 | 139 
4 | .4136] .580|1.30| .76] .84 | .192|.68] 9 | 73 | 5§i¢'| 8 | 166 
5 | 4440] .615]1.35| .80] .89 | ,200) 68] 10 6 i 8.| 217 
6 | 4744] .650]1.40| .84) .93 | 208) 68] 11 | 9¢ | 6 9 | 303 
8 | .5352| .720)1.60| .92] 1.02 | 224) .68) 134/112 | 8 |g 9 | 4651 
10 | .5960] .790}1.60} 1.00] 1.11 | .240| .81] 16 ]14 |10 i 9 | 624 
12 | 6568! .860|1.70| 1.08] 1.20 | /256| .93| 19 J16g |10 9 |.832 
16 | .7784)1.000|1.90] 1.24] 1.38 | .288| .93] 233/21 [14 |g | 9 |1309 








* The value of Ai under the radical in this formula, is taken at 
an average computed one of 44;= 1.1043 D+2,0127 

+ 4—§ bolts could be used for this joint in place of the tabular 
number and size, but the joint will be better if the number and 
di given are followed. 





_ inches. sound castings for smallest 
d=diameter of bolt in in. pipe. 
A= outside diameter of m= diameter of pipe which has 
flange in inches. such thickness that no 
A= diameter of centre of addition for sound cast- 
bolt in inches. ings is required. 
K= tensile strength of cast P= pressure per square inch 
iron. in pounds, 
c= co-efficient of safety 
in above proof, 
"he general equation of thickness then becomes, 


PDCC D 
T= = 
ox ts(1 : ) 


Suppose K-18,000 lb. per square inch, 
P.76 lb. 





c_ 83, e1=4, cc, = 16. 
n= 48 in, diameter, 


t $ The 3 inch pipe flanges can have 4—§ bolts and 4 inch can 
have 4— § bolts, but the joint will not be so well made as with the 
tabular numbers and diameters, 








TE FLoops —The thaw succeeding the snow of last Thursday 
has done much damage to many of the railways. A bridge upon 
the London Chatham and Dover Railway, near Beckenham, 
was undermined, and broke down as a goods engine was passin 
over it. The stoker was killed. A portion of the Bristol ps | 
Exeter Railway has been washed away. The site of the new 
carriage works of the Great Western Company, at Oxford, is 
reported as completely covered by water. 

Tue Institution or CiviL’ ENciNeERS.—No new paper 
has yet been read at the Institution since the Christmas holidays, 
the Tuesday evening discussions being still contined to Mr. 
Grant’s paper upon the strength of the Portland cement employed 








upon the Southern Main Drainage Works. 





FALL OF THE MYTHOLM BRIDGE VIADUCT, 


On Tuesday last an inquiry was held at the Huddersfield 
station by Captain Tyler, on behalf of the Board of Trade, re- 
specting the fall of the above viaduct, which took place on the 
8rd of December last, about on hour before the first train which 
was to pass over it was due. The viaduct was situated on 
the Lancashire and Yorkshire railway, upon the branch line to 
Holmfirth, from which place it was distant about one mile. It 
consisted of two arches of 29 ft. span and eleven of 37 ft. 8in. 
span, and was erected to replace a timber structure consisting of 
26 bays of timber work, each 26 ft. Gin. It was built on a 
curve of 20 chains radius, and its greatest height to the rail 
level was 86 ft. Gin, The arches were 2 ft. thick and from the 
under side of the centre of the arches to the rail was 6ft The 
width of the piers was 4 ft. at the top, on the concave side of 
the viaduct; at the other end it averaged 5ft. The length of 
the piers varied from 28 ft. 4in. to 29 ft. 3}in. ; they were built 
with a batter of 1 in 48 on both sides and ends, and rested upon 
two courses of footings, each 12 in. deep;and projecting 6 in. on 
each side, The viaduct had been built between the timbers of the 
old structure, these being removed as the stonework was completed, 
no great quantity of timber had, however, been taken away 
when the bridge fell. According to the plans and specifications 
produced by Mr, Watts, the assistant engineer, and which had 
been signed by Mr. Meek, the engineer, and Mr. Wadsworth, 
the contractor, the work was to be of good rubble stone, and the 
piers, spandrels, and parapets were to have a through stone in 
every square yard of surface. The inner side of the viaduct, or 
that supporied by the narrow end of the piers, had been first 
prepared for traffic, but no trains had passed over it when the 
works failed. From the evidence given, it appears that 
cracks had been seen in the piers, particularly in the seventh 
from the Huddersfield end of the viaduct before the 
failure of the work, and that bulging had been noticed both 
in the seventh and eighth piers. When the work was up about 
20ft., it was visited” by Mr. Meek and Mr. Watts, and the 
number of through stones was then ordered to be increased, and 
better mortar to be used. About 4 ft. of three or four piers was 
also ordered to be pulled down, as the work was not satisfactory, 
but it does not appear that this was ever done, The foundations 
of some of the piers rested partly on rock and partly on gravel, 
the gravel being under the narrow ends of them: in the case of 
No. 7 pier, however, the rock extended the whole length of the 
pier, but only half its width, ‘his pier was supported by four 
buttresses. Mr. Watts, in his evidence, stated that in his 
opinion the failure of the viaduct was occasioned by the character 
of the foundation, combined with bad workmanship. The con- 
tract had been taken by Mr. Wadsworth for 7100/., and upon 
the day the specification was signed, he had received permission 
to substitute Yorkshire instead of Halkin mountain lime, as 
specified. The prices of the two varieties would be about 
13s. 6d. and 29s. per ton respectively, but no reduction was 
made in the amount of the contract. It is understood that 
Captain Tyler, in his report to the Board of Trade, will recom- 
mend the erection of a wooden viaduct for use during the con- 
struction of a new stone one. 








Gas Enarves.—Without entering upon any discussion as to 
the relative economy of steam and gas—the latter in an explosive 
mixture with air—it is certain that Lenoir’s engines are making 
much progress in public favour. The report, of the Paris’ Gas 
Company, made last January, stated that 143 of them were then 
working in Paris, and that the number was constantly increasing. 
The Reading Ironworks Company, formerly Messrs. Barrett, 
Exall and Andrewes, have made a considerable number to Eng- 
lish orders, and they appear to have given much satisfaction. 
One of half a horse power nominal has driven the small work- 
shop at the Patent Museum, South Kensington, for some 
months. Mr. Francis Pettit Smith, the curator, has taken indi- 
cator diagrams from the top and bottom of the cylinder, at 
110 revolutions per minute, and found that the engine was then 
working up to twice its nominal power. ‘This engine has now 
made upwards of 3,000,000 revolutions without any derangement 
of its working parts. Several of these engines are used 
printers in London, who greatly approve of them because of the 
small space which they require, their perfect safety and their free- 
dom from noise and smoke. An engine works daily for public in- 
spection from eleven to one, and from three to five at 40, Cran- 
bourn-street, Leicester-square. A company with an influential 
direction is now being formed to work Lenow’s English patents, 
which are to be assigned on reasonable terms, ‘The present sale 
of the engines is such that the projectors of the new company 
allege, that the profits are sufficient to return 10 per cent. upon 
the amount of capital to be called up. 

Tue Instrrution or Mercuanican Enotneers.—The 
nineteenth anniversary meeting of this Institution will be held 
in the Lecture Theatre of the Midland Institute, Paradise-street, 
Birmingham, on Thursday next 25th inst. ‘The chair will be 
taken at four o’clock p.m. precisely, when the annual report of 
the council will be presented to the meeting, and the election of 
the officers of the Institution for the ensuing year will take 
place. Mr. Whitworth has been nominated for president. The 
following papers will be read and discussed at the meeting: 
“ Description of an improved Chronometric Governor for Steam 
Engines, &c, by Mr. C. William Siemens, of London ;” ‘On an 
improved construction of Wrought-iron ‘lurntable, by Mr. Wil- 
liam Baines, of Soho, communicated through Mr. Sampson 
Lloyd.” ‘Twenty-three proposed new members will afterwards 
be balloted for. 

TeMPERATURE.—The Australian papers mention a heat at 
Adelaide, on the 2ist of November, of 118}° in the shade, and 
1554° in the sun, as shown by the register in the Observatory. 
A private letter here from Canada gives, for the other end of the 
thermometric scale, 15° below zero, or 47° frost in December. 

Bowxr Exe.osions ror 1865.—Mr. L. E. Fletcher, the 
engineer to the Manchester Association for the Prevention of 
Boiler Explosions, records, in his monthly reports for 1865, 48 
boiler explosions in various parts of the kingdom. ‘These dis- 
asters were attended with the loss of 46 lives, and with injuries 
to 73 persons besides. Not one explosion has occurred, however, 
among nearly 1500 boilers constantly under the inspection of 
the engineers of the association. 
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A WEEKLY LIST OF ORIGINAL ARTICLES 
Published in Recent Numbers of the Chief Scientific Foreign 
Periodicals or Reviews, and which may be consulted at the 


heset Ll, 





‘vee Library of the Patent Office, Southampt g 
I. Dingler’s Polytechnischis Journal. 
(Vol. 178. Part 6.) 


G. Delabar. Review of caloric engines (with plates). 

De Pambour. On the theory of water wheels. 

Ehrhardt. Apparatus for controlling the weight of railway car- 
riages (with plates). 

Dyckhoff. Machine for cutting stone (with plates). 

Stoltz, jun. Machine for the manufacture of guillosheed nails 
(with plates). 

Erlenbasch. New harness for damask looms (with plates). 

Herrmann. Control lock (with plates). 

Fr. Riidorff. On the estimation of carbonic acid in lighting gas 
(with plates). 

Dr. C. Stammer. Removing plaster from animal charcoal. 

C, Millon and A. Commaille. On the analysis of milk. 

Dr. Fr. Jiinemann. Siccative process applicable to all kinds of 

int and varnish. 
Dr. Fr. Junemann. Cement that hardens quickly, and resists 
ate action of fire and water. . 
On works for hatching eggs in Egypt (with plates). 
On the og of coal phy Non ‘aan ante at Fiinf- 
irchen. 

Tunner. Practical notes on, and improvements in Bessemer’s 
process in Austria, till 1865. 

Prof. Schneider. On the estimation of the hardness of spring and 
river water by a solution of soap. 

C. Weltzien. On the solubility of carbonate of lime in water. 

Dr. Artus. Experiments made with his mortar. 

Miller. On the manufacture of enamel by a cold process, for 

Awad —_ stone, metal, hers &e. , 

- Nobel. Caution in using nitro-glycerine for blasting purposes. 

Manufacture of shellac ie hatmakers. - 


II. Polytechnischis Centralblatt. 
(1865. Part 23.) 


Review of the street locomotives exhibited at the Cologne Exhi- 
bition of 1865, and experiments made with the same. 
H. Gagg. Smoke-consuming apparatus for locomotives (with 


lates). 
A. Olivier. Circular slide for variable expansion (with plates). 
L. Dufour. On the boiling of water, and the appareat cause of 
explosions of boilers, 
Schaffer -~ Budenberg. Apparatus for measuring water (with 
es 


plates). 
Trouillet. Expansive borer (with plates), 
F. Durand. Brick machine (with plates). 
Huet and Geyler. Elevator for dry and liquid substances (with 


plates). 
F. Fili. Corn-husking machine (with plates). 
J. Russel. Machine for countersinking rivet holes (with plates). 
H, A. Fostier. Throstle for spinning worsted, cotton yarn, &c., 
of any degree of fineness (with plates). 
Moses. Blowpipe (with plates). 
Chr. P. Thal. Modifications in Bessemer’s apparatus (with 


plates). 

Dr. W. Heldt. Researches on cement. 

Ae. a oxygen gas, and applying the same to 
ighting. 

Dr. G. Th. Gerlach. Chloride of tin dilated by water. 

Miiller-Schtir. On the disinfection of cess; 

Clemens Uligren. On the estimation of indigotine, or the blue 
colouring substance in indigo (with plates). 

Statistics of steam engines in Alsatia. 

On the magnesium light. 

Bandesson and Honzeau. Photographic impressions on paper 
and tissues. 

Dr. G. Osaun. Purifying spent galvanic charcoal elements. 

Bessemer. On ’s manufacture of steel. 

A Pritsch. Water-glass for protecting wooden roofs. 

J. Carl Leuchs. Blue indigo dye without vat. 

Dr. H. Vohl. On the preservation of fresco paintings by 





paraffine. 

Dr. H. Vohl. Preparing wine and beer casks by means of 
purified paraftine, 

Blondeau. On pyroxyline. 

Walz. On the use of green malt (Griinmalz) for distilling spirits. 

French vinaigre de toilette. 

Burin de Buisson & de Maillard. On the gaseous products 
generated in apparatus used for purifying gas. 

On the disease of silkworms in "rance. 

On the cause of the disease of silkworms. 


ILI. Der Civilingenieur. 
(1865. Part 7.) 
Rud Breat. Universal couplings for the transmission of 
a motion without modifying the angular velocity. 
Prof. Porro. Three lectures on an expeditious method of 


surveying. 
Dr. Ed. Klassohn. On the art of governing balloons, (with plates). 


IV. Organ fir die Fortschritte des Eisenbahnwessens. 
(1865. Part Vi.) 
Quasowski. On machines for arranging railway carriages at 
stations (with plates). -_ ie ' 
Tell ee Spe way of the new Holstein railways (with 


es 

Kriimer. Axle-boxes of trucks on the Bavarian Eastern Rail- 
=o plates). 

G. Gruson vable grate in the smoke chamber of locomotives 


for abating sparks. 
J. Correns. Excellent apparatus for preventing the burning of 
boiler-plates most exposed to fire _ plates). 
Wehler. Description of the iron coal trucks carrying 54 tons, 
ae od of Lower Silesia and the March (with 








Heusinger von Waldegg. The interior arrangement of the first 

and creund ase railway cage the Prussian 
Eastern Railway (with plates). 

Hennig. On the construction of crossings on the Berlin and 

Anhalt railway (with wate 

On the permanent way of the Silesian mountain railway. 

On the duration of rails on the railway of Lower Silesia and the 
March. 

Weighing machines for railways, at the London Exhibition of 
1862. 


Mentz. On watering stations on railways. 
Gn the iron fire boxes of the locomotives on the Cologne Minden 


railway. 

On the manufacture of tyres for railway carriages, without 
welding. 

Steam horn on the locomotive engines of the Cologne Minden 
railway. 


On disc-wheels of cast steel. 
Krauss. Advantages and disadvantages of the English and 
* American carriage system. 
Railway signals at the London Exhibition of 1862. 
a or —— earthworks. 
way with the narrowest gauge for passengers. 
Working of the narrow pod Brohithal railway. 
On street railways. 


V. Annalen der Physik and Chemie. 
(1865. No. 10.) 

W. Hittorf. On the nature of phosphorus. 

K. W. Knochenhauer. On the division of currents of batteries 
by means of the galvanometer. 

F. Melde. On the absorption of light in coloured liquids. 

W. Hankel. Measuring electro-motive power. 

G. W. Hankel. On the electric phenomena on the surface of the 
human frame as observed by G. Meissner. 

J. C. Poggendorff. Preliminary notice of the action of certain 
hidden causes on the phenomena on electrical dis- 
charges. 

Camillo Bondy. On the ascent in liquids containing particles of 
& greater or less specific weight in a state of sus- 
pension. 

Ernst Mach. On liquids containing corpuscule in a state of sus- 

nsion. 

E. Mach. On the sense of space or interval of the ear. 

Dr. H. W. Schroeder van der Kolk. Researches on the nature 


of gases. 
Extraordinary stroke of lightning. 
Action of an electrical discharge on glass. 
J. Plateau. Ona singular magnetic phenomenon. 


VI. Journal fur Praktische Chemie. 
(1865. Nos. 18 and 19.) 


Professor Stadeler. On the nature of th , colouring substances 
of aniline. 

Dr. Emil Cramer, On the constituents of silk. 

Prof. A. ee. On the amount of xanthine contained in the 
iver. 

Dr. Emil Ruge. On ratauhine. 

Dr. Emil Ruge. On the compounds of bismuth. 

Dr. Ridhard L, Maly. On abietic acid. 

Dr. Richard L. Maly. Researches on abietic acid. 

Dr. J. C. Lehmann. On the qualitative separation of arsenic 
= from arsenious acid by means of sulphuretted 

ydrogen. 
Dr. Graeger. Manufacture of pure lye of caustic potash and 
—— f potash 
r. Graeger. Manufacture of perman te of potash. 

Fr. Stolba. Separating maanede am por and soda, 

Fr. Stolba. On the quantitative analysis of silica, 

Fr. Stolba. Observations on the crystalisation of certain metals. 

On certain constituents of gravy. 

On kreatinine and nitrous acid. 

On the amount of xanthine contained in urine, and defect result- 
ing therefrom in Liebig’s method of analysing urine. 

On the nature of tyrosine. 

On the composition of the oil of laurel. 

W. Seekamp. Decomposition of succinic acid and pyrotartaric 
acid in the solar light. 

Dr. Schmid. On the problematic decomposition of monochloro- 
benzole by an alcoholic svlution of potash. 


VII. Comptes rendus. 
(1865, No. 26). 

P. Duchatre. Experiments’ made on the action of light on the 
twisting of stems or stalks. 

Léon Foucault. New regulator of electric light. 

Ch. Ste-Claire Deville. Remark on Honzeau’s paper on the ozone 
of atmospheric air. 

Guyon. On the non-infection of animals by cholera. 

F. Plateau. On the muscular strength of insects. 

G. Grimaud. General theory of the cholera as deduced from its 
primitive phenomena, and its treatment. 

Coupvent des Bois, On the action of wind on the height of the 
barometer on the open ocean. 

A, Trécul. On the peculiar vessels of the genus of the Aroide 

nts. 

Crace-Calvert and Ste.-Claire Deville. On the hydraulic nature 
of magnesian stone. 

P. Truchot. On the combination of chlorhydric glycid with 
acid chloride and anhydrous acid. 

Balbiani. On the action of the nucleus in animal cells. 

D. Clos. Un post efflorescence. 

F. V. Jodin. hes on certain properties of formic acid. 


VIII. Bulletin de la Société d’ Encouragement. 
(1865. No. 154.) 
Moreau. Arrow rifle for fishing. 
Chaudun. Cartridges with central firing. 
P. Gélibert. Perspectometer. 
Gohin. Mineralising le teasels for curds. 
A. Gaiffe and Comte. Fuses for mining. 





Natalis Rondot. On the marine jellies of the Chinese. 
L. Gruner. On the conglomeration of mineral fuel. 
Baron Séguier. On the improvements of fire-arms. 


IX. Revue Universelle des Mines, de la Métallurgie, gc. 
(1865. Part V.) 
Ch. Labrousse. Towing boats by means of an immersed chain. 
On the underground transports in the Saarbriicken mines. 
P. Havrez. Principles of chemical units (nomenclature). 
Dr. A. Gurlt. Puddling by machinery. 
Mineral Statistics of Prussia for 1863. 
E. Frankland. On the combination of iron in compressed 
oxygen. 
F. Reich and Th. Richter. On indium. 
Official report on the Mont Cénis railway. 
X. Annales de Chimie et de Physique. 

(1865. November. ) 
Athanase Dupré. On the mechanical theory of heat. 
Berthelot. Researches on thermo-chemistry. 
On the heat generated in chemical reactions. 
On the volume of heat generated in the formation of organic 

compounds. 








Tue Loss or THE SteaAMsHip Lonpon.—The detailed re- 
port of the loss of the steamer London has already harrowed 
the minds of thousands. There can be but few who have not 
admired the calm courage of Captain Martin, and the devotion 
to duty displayed by Mr. Greenhill, the chief engineer, the last 
named having reached shore with a few of the passengers and 
crew. Here are the London and the Amalia, two fine steamers, 
both lost within the week by foundering at sea. The hatches 
could not be made tight, and both ships took in water faster than 
it could be pumped out. But why are not centrifugal pumps 
now generally fitted to steamships? With even a 20 ft. litt less 
than 50 indicated horse power would throw out from 20 to 30 
tons, or say from 5000 to 6000 gallons of water per minute. The 
necessity for such pumps for such a purpose has not perha 
been generally recognised, but the time will come, we think 
when no passenger steamship will sail without them. The air 
pumps, even if drawing from the bilge, would do nothing like 
the work of centrifugal pumps, supplied either from the main 
boilers, or from one on deck. One good centrifugal pump would 
have saved the London and all her passengers. ; 

Lonpon Fires.—Captain Shaw, whose Fire Brigade, lately 
under the control of the insurance offices, is now to be greatly 
extended under the authority of the Metropolitan Board of 
Works, has made his aunual report of fires for 1865. Of 1727 

1502 were fires, and of these 512 resulted in serious 
damage to the buildings, &c. The men of the Brigade, in the 
discharge of their duties, met with no less than 46 casualties of 
various kinds ; there have been, in all, 130 cases of illness, and 
four of the men have died from natural causes. Referring 
again to the 1502 fires—211 were caused by candles, 161 by 
sparks from fires, 115 by gas and gas apparatus, 8 by spon- 
taneous ignition, 2 by the “heat of the sun,” 2 by lightning, 
only one(/) by carelessness, 3 by “friction,” one in ‘trying 
experiments on petroleum, &c.” About 125 causes, in all, are 
assigned for the different fires, and yet the cause of no less than 
606 fires was unknown. 

Mr. HawksHaw’s New Line To Bricuton.—The new 
line to Brighten, promoted by the South Eastern and the Chat- 
ham and er Companies, will commence at Beckenham, fol- 
lowing an almost direct course to East Grinstead and —, 
and will proceed thence, vid Kemp Town, to the centre 
Brighton. The Times says: “‘ The experience of several years 
has demonstrated that the existing company are either unable 
or unwilling to meet the 2 aga of the population of the 
metropolis, for whom Brighton ought to be rendered a sea 
suburb; and it seems scarcely a that the absurd doctrine 
of territorial rights manufactured by the railway interest for 
the creation of monopolies will now, as far at least as this 
district is concerned, be permitted any longer to have weight. 
Moreover, the probability is that the construction of a new 
line would increase instead of diminishing the profits of the 
shareholders of the old one, since not only is there more than 
ample work for two, supposing rational fares and frequent 
trains to be — but the usual results of competition 
might be expected in putting an end to the —- of quiet 
indifference to opportunities which is always begotten in an 
undertaking where the object is rather to repel than to seek 
new business.” ’ 

Tue Director or Worxs.—Major Clarke, R.E., Director 
of Works Civil Branch of the Admiralty, has returned from 
Malta. He came thence to Marseilles, in the Psyche, and the 
Valetta newspaper correspondents are grumbling, because, for 
some official purpose, a government vessel was thus selected, and 
an outlay of nearly 3002 forcoal incurred, for the conveyance of 
a single passenger. : : 

Tue Suez CANAL.—Mr. Lange, the English representative 
of the Suez Canal Company, writes to the papers to say that the 
western jetty at Port Said has advanced considerably, and now 
forms part of the isolated island, thus forming an uninterrupted 
pier of 4800 feet long, with a depth of from 9 to 16 feet, the 
result of dredging operations. Upwards of 2000 vessels, one- 
half of them Turkish and Egyptian, have already discharged 
their cargoes at Port Said. All along the maritime canal the 
greatest activity prevails. Nor are the accessory fresh-water 
canals, meanwhile, neglected. At the end of December 80,000 
Egyptian workmen were busy excavating the line of fresh-water 
canal between Bulbeis and Abassie. ‘This portion of the work is 
being completed by the Viceroy of Egypt, under the superinten- 
dence of the company’s engineers. 

Tue SECRETARY OF THE LoNDON. AND NorTH-WESTERN 
Rarway Company.—Mr. Charles Stewart, for twenty years the 
secretary of the London and North-Western Railway pany, 
was presented on Wednesday, with a magnificent silver 
candelabrum, subscribed for by the officers of the company, 
by those of the servants whose salaries exceed each 1002 a year, 
or in all six hundred and eighty-four subscribers. Mr. Cawkwell, 
the general r, made the ntation, and Mr. Stewart 
returned a most felicitous ecknowldgement. 
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THE WINANS YACHT. 
Tue cigar ship is a princely experiment upon the 
form, construction, engines, and propellers of steam 
vessels ; and although we will not venture upon any 
predictions as to the results, it is only right to say that 
the new craft embodies a great’ amount of careful 
reasoning, and that it would be difficult to point out, 
in advance, any unsoundness of principle, or of detail, 
represented in its design or construction. Few en- 
gineers have heard of the so-called “ cigar ship” other- 
wise than as of a crude experiment, supported, perhaps, 
by a littlé capital. There is more in it, we think, than 
nine out of ten of our readers have ever believed. The 
new vessel was designed by gentlemen who have been 
long and most successfully engaged in mechanical engi- 
neering: it is the fourth ship they have constructed upon 
the same general principle, and they have expended upon 
it not far from 60,000/., as an earnest of their faith in 
its suecess. Messrs. Thomas and William Louis 
Winans, of Baltimore, U.S., and St. Petersburg, are 
members of the firm of American contractors by whom 
the St. Petersburg and Moscow Railway was con- 
structed and is now worked. Their father, Mr. Ross 
Winans, of Baltimore, U.S., was for many years a 
large and successful constructor of locomotives and 
other machinery ; and the sons, in conjunction with 
their partners, have built some hasadieede of engines, 
and a great amount of railway rolling stock at their 
works, Alexandrowski, near St. Petersburg. 

In 1859, the first cigar steamer was made at the 
works of Mr. Ross Winans, at Baltimore. It was 16ft. 
in diameter, and, we believe, about 160 ft. long; but it 
was once, if not twice, cut in two and lengthened, until a 
length of over 250 ft. was reached. When the Great 
Eastern, on her first voyage to America in 1860, was 
in the Chesapeake, the cigar ship was making frequent 
passages, of nealy 200 miles, from the river Patapsco 
to Hampton Roads, and it was understood that satis- 
factory results were obtained upon these trials: Thus 
encouraged, Messrs. Thomas and William Winans con- 
structed a second vessel on the Neva, which we under- 
stand fully answered their expectations, and which is 
now lying at Hull. They subsequently constructed a 
third vessel of the same kind at Havre, and which is 
now at work, and they have now built a vessel in the 
best manner upon the Thames, and for the purpose of 
ocean steam yachting. This vessel, designed in all its de- 
tails by Messrs. Winans, has been constructed by Mr. 
Hepworth, of Cubitt’s Town, Isle of Dogs ; the engines 
having been made, also from Messrs. Winans’ designs, 
by Messrs. Jackson and Watkins, of the Canal Iron 
Works. The vessel will be launched, not merely with 
the engines on board, but in all respects ready for sea ; 
and the saloons, with their rich furniture, and cut- 
glass chandeliers, are already complete. Although 
the vessel is now poised high in air upon the stocks, 
the boilers have been tried under their full intended 
pressure of one hundred and fifty pounds per square 
inch, and the engines have been washed at seventy-five 
revolutions per minute. It is expected that this re- 
markable craft will soon be not only afloat, but steaming 
around the British coast. 

The Winans yacht has been described as “a hollow 
cylindrical spindle,” but this does not convey a true 
idea of its form to one who has never seen it. It is 
shaped very much like a cigar, but it is sharply pointed 
at both ends. It is 16 ft. in diameter, amidships, and 
is 256 ft. or 16 diameters in length. Its launching 
draught will be half its diameter, or 8 ft., at which 
depth it will displace 400 tons; and when ready for 
sea, it will float from 2 ft. to 30in. deeper, displacing 
say 600 tons. The lower semi-circle of the ‘rull is 
formed of Zin. plates, some of them rolled by Messrs. 
John Brown and Co., of Sheffield, and others by the 
Lowmoor Company. The upper semicircle is of 3, in. 
steel plates. All the joints are flush, iron butt 
straps, and iron rivets being used for the iron plating, 
and steel butt straps ‘and steel rivets for the steel 

lates. Externally the ship is as smooth as if ‘it had 
een turned in a lathe. Lengthwise, it is divided, 
by thirteen steel bulkheads, into fourteen water-tight 
compartments, and, where doors are made in these 
bulkheads, they fit upon India-rubber joints, which 
are completely water-tight when the doors are closed. 
Of these compartments, the larger ones are also further 
divided by horizontal iron floors, so that the vessel is 
subdivided into perhaps twenty water-tight chambers, 
a few of which veal alone float the ship if all the 
others were filled with water. 

pon the upper surface of the hull there are raised 
bulwarks, extending for nearly half the length of the 
vessel, and within the length enclosed by these bul- 
nr two funnels, and two light rigge telescopic 
lasts, rise above the whole. 


Although the hull is light (its own weight bein 
about 100 tons) and so slender when viewed longi- 
tudinally, the steel bulkheads already described give it 
much stiffness, by preserving the truly circular form of 
cross section upon which its strength greatly depends. 

The boilers and engines are ae amidships, and 
are of most peculiar construction. The boilers are 
four in number, each consisting of a firebox 4 ft. wide, 
and 9ft. long, with two vertical barrels 4 ft. in 
diameter, and about 4} ft. high rising from it. Each 
barrel contains 120 iron tubes, each 2} in. in diameter, 
the tubes of the two barrels being respectively 4 ft. 4 in. 
and 4 ft. 10in. high. Each barrel has, above it, a lofty 
steam dome. Each boiler may be termed a double 
upright boiler, consisting of two barrels of tubes over 
one firebox. The tubes do not occupy nearly the 
whole internal contents of the barrels, as is the case 
with most vertical boilers, but a large unobstructed 
water space, —— 15 in. in diameter, is left around 
the centre of each barrel, to afford the opportunity for 
a good circulation of water, and to admit of sending 
a boy inside, when the boilers are cold, for the purpose 
of cleaning the upper surface of the tube plates, if 
necessary. The top and bottom tube plates in each 
barrel are tied together by twenty stay rods, all of 
which may be disengaged with little trouble when 
access is required to the interior. The whole of each 
boiler is of Lowmoor iron— in. plates in the firebox, 
£in. tube plates and § in. iron in the barrels—and has 
ample strength for 300 lb. pressure, although the work- 
ing limit is but one half as much. Steam of 150 |b. 
pressure has already been raised in them, and the 
tubes found perfectly tight. We may just mention 
here, that the necessity for a large cuted water space 
amid the tubes of vertical boilers has for some time 
been understood in connexion with steam fire-engines ; 
and we are convinced that sound judgment has been 
exercised in adopting it for the marine boilers under 
notice. We need hardly say that only distilled water 
from the surface condensers of the engines will be 
employed in these boilers, and that they are, therefore, 
in no danger of choking with salt or scale. The 
draught is provided by means of a fan, upwards of 
4ft. in diameter, and driven by a donkey engine 
in the boiler compartment, at about 800 revolutions 
per minute—the draught in the funnels being as much 
as that obtained in a locomotive chimney. This 
donkey engine also works a pump, which by means of 
valves under ready control, can draw water from any 
compartment of the ship in case of leakage. The 
steam from the boilers is taken off through coils of 
pipes in the uptakes, and can be super-heated to any 
extent desired by means of the waste heat, regulated 
by dampers. 

The engines have triple cylinders and cranks, the 
latter set at 120° apart, and they work a shaft extend- 
ing the whole ~ ¥ of the ship, and coinciding with 
the axis of the hull. This shaft, of Krupp’s steel, 7} in. 
in diameter, carries a nine-bladed propeller, 22 ft. in 
diameter, at each-end of the adie the dise of each 
a being 6 ft. larger than the diameter of the 
null. Towards where the propellers are secured upon 
the shaft, the latter is gradually enlarged, and although 
we do notfrecollect the exact diameter, we should say it 
was about 15 in. where the shaft emerges at each end 
through what, in an ordinary screw steamer, would be 
termed the stern tube. The propellers have ‘each a 
boss, upon which nine blades may be set at a pitch 
varying, as required, from 40 ft. to 100ft., and this 
revolving boss is continued to a sharp point at each end 
for several feet beyond the screw. 

The three vertical cylinders of the engines are 24 in. 
in diameter, with 4 ft. stroke of pistons, and, according 
to the pitch to which the screws may be set, are ex- 
pected to work at from 40 to 60 revolutions per minute, 
and to an indicated power of from 1500 to 1800 horses. 
The cylinders are beneath the central screw shaft, and 
have, each, two piston rods rising one on each side of 
the shaft, and connected to a crosshead above, working 
in guides in a plate iron framing stiffened with stout 
angle iron. There are, indeed, two crossheads, each 
with a pair of guide blocks, the one about 4 ft. 6 in. 
over the other, to correct, as far as possible, any side 
twist due to working the air pumps at some little 
distance off on one side of each cylinder. The upper 
crosshead carries a pair of connecting rods, which come 
down and take hold of cranks in the shaft. The slide 
valves to each cylinder are of the ordinary short D, or 
locomotive pattern, and are worked by eccentrics, not 
upon the main shaft, but upon a shell surrounding a 
counter shaft, geared to the former by 4 ft. spur wheels. 
Within the spur wheel of the counter shaft a sort of 
semi-rotary engine is made, and by a touch of a lever 








steam may be admitted to turn the eccentrics upon the 


counter shaft into position, either for going ahead or 
astern. In addition to these, the expansion eccentrics 
are reversible also, and the expansion valves, which 
are girdiron valves working upon the backs of the 
main valves, may be adjusted to cut off from 3 in. of 
the 4 ft. stroke up to any grade of expansion desired. 
It would be impossible to describe the valve gear 
intelligibly without drawings and references, but it is 
unlike anything yet employed, and appears calculated 
to answer its purpose. 

The air pumps are worked from the cross head, at 
full stroke, and draw from surface condensers. They 
can, if required, be made to pump from any compart- 
ment of the ship, in case of water finding its way in. 

It is hardly possible for so long and so slender a hull 
to maintain an absolutely straight axial line. The heat 
of the sun on the upper half of its surface, counteracted 
by the coldness of the water on the lower half, would 
alone throw it out of truth, so would the ordinary 
strain to which a ship would be subjected in a sea way, 
and so would the irregular wear of the journals of ,the 
shafts, although the bearings between the engines are 
nearly, or quite, four diameters in length, being nearly 
24 ft. long for rather more than 7in. in diameter. 
Steel cranks are employed, but between each engine a 
peculiar coupling is employed—and which, although it 
is very simple, we shall not attempt to describe without 
a drawing—which coupling permits of the several 
engines working freely and without straining the shaft, 
even if its separate lengths were $ inch or more out of 
line with respect to each other. The connecting rods 
are made also so that if the cranks upon which they 
work should be out of truth, they caifSdapt themselves 
to the inequality. In working the engines recently at 
75 revolutions, no hot bearing was discoverable. 

When the screw blades are acting upon the water, 
their pressure in the direction of the circumference of 
the hull would tend to throw the latter over to one side. 
To counteract this tendency, a ballast weight is hung, 
like a pendulum, from one of the plummer blocks 
through which the shaft passes. This weight, loaded 
with lead, weighs 20 tons, and hangs 64 ft. or there- 
abouts from the shaft. The engines being reversed by 
steam, the same action of reversing admits steam to a 
24 in. horizontal cylinder, with a piston of 5 ft. stroke, 
which controls the position of this ballast weight. It 
is not left to swing freely of itself, but is controlled 
both by the steam gear attached to it, and further by a 
stout rack, concentric with the lower section of the 
hull, to prevent any surge of the weight. ; 

If anything can be predicted from calculations, the 
new yacht ought easily to run off 20 knots an hour, 
even when upon her full draught. There is engine 

ower enough, and enough area of screw blades. The 
immersed mid-section will be but from 100 to 120 
square feet, and with a form almost like a needle, 1800 
actual horse power may be had for propulsion. Still 
we do not wish to predict anything, as the approaching 
trials will soon settle all that it is wished to know. _ 

The interior of the ship is most compactly and in- 
geniously fitted, and although there is much to suggest 
the idea of a diving bell, the saloons are not only 
luxuriously but magnificently furnished. 

The coal is carried in various compartments, fitted 
with vertical wells, through which it is drawn in 
buckets, and taken over deck to the hatchway of the 
stoke-hole. The coal stowage is about 180 tons, and the 
consumption in full speed steaming is estimated at one 
ton an hour, or 24 tons a day. At a slower speed it is 
expected that coal enough can be carried to last the 
yacht across the Atlantic. 

There are two rudders, one near each propeller. 
Each rudder is balanced nearly, but not quite, in its 
centre of form, and both are worked from a wheel on 
deck. 

When the Winans yacht has been tried at sea, we 
shall be able to lay before our readers further details, 
not only of its performance, but of its construction. 
As it now rests upon the launching blocks, it is the 
most original in its general plan, and more especially 
in the design of its complex details, of any craft, we 
will venture to say, ever committed to the ocean. As 
we have already said, it is a princely’experiment, to 
which none can fail to wish success. 
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Miptanp Rarway Goops Sration.—The new goods 
station of the Midland Railway, at Agar Town, will occupy 
about 40 acres of land. Amongst the buildings composing it 
will be included large ale and grain stores, facing the Old St. 
Pancras-road. In these Messrs. Bass alone will have six acres 
of flooring for the —- of beer. The warehouses are to be 
completely fitted with hydraulic hoisting machinery. The 
metropolitan goods traffic of the Midland Railway Company now 
amounts to about 250,000 tons of general goods, and 136,000 of 
coals, annually. 
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PORTLAND CEMENT. 


Mr. Grant, resident engineer of the Southern Main 
Drainage Works, gave to the Institution of Civil 
Engineers, a few weeks ago, a valuable paper upon 
a subject which had not before attracted as much 
attention as it deserved. For seven years Mr. Grant 
has been testing the cohesive strength of every lot of 
cement delivered upon the works. Indeed, before the 
works were begun he obtained samples of cement from 
all the leading manufacturers, odiely for the purposes 
of experiment. Arter the cement had set for a month, 
he Xo ved a portion of it to a square bar, 14 in. 
on a side, or of 24 in. area. These were then pulled 
apart by tensile strain, and it was found that their 
strength varied from 75 lb. to 7191b. The average 
weight of the samples was found to be 109 Ib., nearly, 
to the striked bushel. Shortly after these experiments 
had been made, Mr. Bazalgette caused a clause to be 
inserted in the specifications to the effect that only the 
best quality of Portland cement should be employed 
upon the works, that it should be ground extremely 
fine, and should weigh 110 lb. per striked bushel ; 
and it was,moreover, to withstand 400 Ib. per 2} square 
inches, or bar of 14 in. square, within seven days after it 
had been made and placed under water. This standard 
was soon pr vena raised to 500 lb., and during the 
last six years no less than 70,000 tons of cement have 





ing how the strength of cement, after it had set for a 
month under water, could vary in the proportions of 
75 lb. to 719 lb. There was, of course, a difference in 
the nature of the cement itself, and the nature of 
cement is only its chemical nature. To serve as a 
broad guide to engineers, it would be well to know 
what cements bore the highest strains. It has been 
commonly held that blue lias cement stones give the 
strongest cement—those from Aberthaw in Glamor- 
ganshire, Lyme Regis im Dorsetshire, Watchet in 
Somersetshire, &c. The cements tested by Mr. Grant 
were not, we presume, from these stones. But, deal- 
ing with such as came from the Thames and the Medway, 
he obtained an average weight of 1144 Ib. per striked 
bushel, and a tensile strength of 609 lb. nearly, for a 
bar 14 inches square, or 2} square inches, equal to 
nearly 271 lb. per square inch. 

There is a good collection of literature, if we may 
call it so, upon cements. There are General Pasley’s 
writings, Mr. Timperley’s papers at the Institution, 
MM. Vicat’s and Belidor’s writings, and, for practical 
and sound chemical knowledge, two papers by Mr. 
Robertson, one read before the Institution of Civil 
Engineers, the other before the Royal Scottish Society 
of Arts. And there is the American General Gillmore’s 
book on mortars (not ordnance) and cements. 

All we need now say of the manufacture and quali- 
ties of Portland cement we may extract at once from 
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been received and used under this stipulation, the 
works upon which it was employed extending over 18 
miles and costing 1,250,000/. This great quantity of 
cement has been subjected to 15,000 tests, at a cost 
not exceeding five farthings per ton. We give here- 
with a sketch of the simple machine, constructed by 
Mr. P. Adie, for testing the cement. It is a simple 
lever balance, and any one may now view it at the tn. 
stitution of Civil Engineers. ‘The cement is formed in 
moulds of the desired shape and sectional area, and is 
connected, in its moulded form, one end to a fixed pin 
(or, rather, a pin adjustible by a screw and hand 
wheel) and the other to tae outer end of the lever 
beam. The weight is easily traversed, by a light hand 
wheel ‘and cord, to any desired point on the graduated 
lever. ‘The simplicity of the machine is apparent upon 
an inspection of the sketch, and it is worked by 
an ordinary labourer at 20s. per week. 

Portland cement—it is just now difficult to say why 
it is termed Portland, as it is mostly made on the 
Thames and on the Medway, above Rochester and 
Strood, besides a quantity in the valley of the Medina, 
between Cowes and Newport, and with all the smoke 
of the kilns in full sight of Osborne—Portland cement 
is a mixture of chalk and chiy, the latter being clay 
mud. The white chalk bears 25 to 30 per cent. of its 
own weight of clay in admixture, the grey chalk takes 
only from 16 to 20 per cent. of clay, or clay mud. 
The clay should of course be free from sand, or as free 
as possible, and the creeks and bays between Sheerness 


the remarks of Mr. G. F. White, on the occasion of 
the reading of Mr. Robertson’s paper at the Institu- 
tion of Civil Engineers, in April, 1858, the late Mr. 
Brunel in the chair. Mr. White said: The setting and 
hardening of cements had been ascribed to the forma- 
tion of a double silicate of lime and alumina, a principle 
now generally recognised by chemists, and in which 
Mr. White fully concurred. The deduction from that 
theory, if correct, would be, that the more intimate the 
union of the silica and the alumina with the lime, the 
more perfeet would be the cement resulting from the 
combination. The agent in producing this union was 
heat, and he believed the measure of the amalgamation 
to be, in direct proportion to the degree of calcination 
employed. ‘To illustrate this more clearly, he directed 
attention to three samples of the material from which 
Portland cement was made, all of which had undergone 
different degrees of calcination in the same kiln. These 
samples might be described as under-burnt, well-burnt, 
and over-burnt. It would be observed, of the under- 
burnt sample, that it was imperfectly decarbonated, 
and that, as evinced by its light colour and small 
specific gravity, it contained an excess of free, or dis- 
engaged lime, which not being united with the silica 
and the alumina, would absorb moisture largely, and 
would fall to pieces in water. In this ease, the silicate 
of lime and alumina had not been formed, and the 
result would be an incomplete cement, characterised by 
a light yellow colour, moderate specific gravity, imme- 
diate setting, and imperfect induration. Every kiln 





and Chatham appear to afford the best quality. 

Mr. Grant did not venture upon the chemistry of 
cements. When Mr. Robertson, some years ago, gave 
to the Institution a paper om mortar, with the 
chemistry of solidification, the members, we fear, found 
it dry reading. Still it was an interesting paper to 
those who are not wholly wedded to one set of ideas, 
and those ideas merely of stress and strain. Surely 


contained a certain per centage of such under-burnt 
cement, which, though unfit to be used by itself, could 
be advantageously mixed with the over-burnt portions 
hereafter to be alluded to. The second, or well-burnt 
sample, was that of which the main body of the kiln 
was composed. It had been calcined to the point of 
fusion, and was, for all practical purposes, a perfect 
cement. Intimate union of the constituent parts had 


prevent its being reduced to powder by the millstones. 
When ground, its characteristics were, a cold, bluish- 
zrey colour, a specific gravity of 3.0, being more than 
Saati that of the under-burnt portion, taking from ten 
to twenty minutes to set, and ‘possessing a power of 
induration equal to Portland stone. These were the 
features of the best Portland cement, and left practi- 
cally nothing to be desired. Yet, in theory, this well- 
burnt sample could not be considered perfect, since 
some of the lime was in a disengaged state, and the 
amalgamation was uot thoroughly and chemically com- 
plete. The third, or over-burnt sample, which re- 
sembled trap-rock in hardness, and would turn an iron 
tool, was that in which entire union of the different 
elements had been effected, and a perfect silicate of 
lime and alumina had been formed. It contained no 
free lime, and, theoretically, it was a perfect cement. 
Yet, for practical purposes, it was useless. ‘The amount 
of fuel required to bring it to that condition was enor- 
mous and prohibitory ; its reduction to powder would 
destroy the millstones, and even if these difficulties 
were surmounted, the cement produced from it would 
take several days to set, owing to the want of any free 
lime to absorb the water. Although it would, when 
set, resemble cast iron in hardness, it was practically 
unavailable for building purposes. It would thus 
appear, that there was a limit to the degree of calcina- 
tion which could be usefully employed, and that 
approximate, not entire, silicatisation of the lime must 
be the rule of practice. ‘The efforts of the manufac- 
turer should be directed to this point of intermediate 
alcination, and though, in operations conducted on a 
large scale, it would be impossible to prevent the 
presence in the kiln, both of under-burnt and over- 
burnt cement, the large proportion of the kiln could, 
with proper care, be brought to the proper degree of 
calcination, while the remaining parts, when mixed 
together, would counteract each other. It was impor- 
tant to observe, that this high degree of calcination 
could only be employed on cements containing as much 
as from 60 to 70 per cent. of lime. For this reason it 
was not possible, without spoiling them, to vitrify the 
natural, or Roman cements, which, containing 40 to 50 
ver cent. of clay, were readily acted on by the fire. 
Vhen fused, or in the workman’s phrase “clinkered,” 
these cements exhibited the same characteristics as the 
over-burnt Portland cement. The silicatisation was 
complete, but the setting property was destroyed, and 
it was, therefore, necessary to limit the calcination of 
the natural cements, to the expulsion of the carbonic 
acid gas, the result of which was, to give a quick- 
setting cement, of medium hardness. It had been 
mentioned in the Paper, that there was a tendency in 
well made mortars to resume the hardness of the stones 
from which the lime had been obtained. The same 
fact held good with cements. The natural, or Harwich 
cement would not be harder than the stone that had 
produced it, and the ultimate induration of Portland 
cement, would be in proportion to the density effected 
by calcination on the raw material. Theoretically, the 
calcination could hardly be carried too far, but it had 
been shown, that a regard to economy, and the neces- 
sities of practice, obliged it to be kept within certain 
limits. Whilst upon the question of induration, he 
might mention the theory propounded by an eminent 
German chemist, Dr. Pettenhoffer, to account for the 
hardness and non-absorptive properties of Portland 
cement. He had found, by microscopical investigation, 
that the structure of the Portland cement was lami- 
nated, while that of the natural Bavarian cements was 
globular. In the one case, that of Portland, he argued 
that the particles would touch at all points, while the 
globular particles would impinge only at certain places, 
and leave interstices, which would promote absorption, 
and consequent disintegration, by frost, &c. Mr. 
White exhibited a brick joint of Portland cement, the 
colour of which, from having been immersed in water 
for many months, or buried uader ground, was almost 
black. The difference between this and a freshly-made 
jot, would show, that the formation of the silicate of 
lime, by the humid process, was a gradual operation, 
and needed time to develop its action. As to the 
question, whether the presence of iron, in combination 
with limes and cements, promoted their “‘ hydraulicity?” 
Mr. White doubted whether it had any such effect, and 
concurred in thinking that it might, under certain con- 
ditions, lead to disintegration. ‘The majority of cement 
stones contained irop, varying in amount from 3 to 7 
per cent. If the iron, so combined, had any beneficial 
effect on the cement, it was probably in the way ol 
induration, and this was due to its being chemically 
distributed throughout the mass, as distinguished from 
its mixture with the mortar, in the form of iron filings, 
or metallic sand, which, being merely mechanical, only 








there must have been those to wonder the otlter even- 


been effected by the fire, but it was not so hard as to 


played the part of sharp, siliceous sand, wider similar 
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circumstances. This was proved by the experiment 
on pozzuolana, recorded in the Paper, which, when 
deprived of its iron, by being boiled in muriatic acid, 
was found equally effective, in its hydraulic properties, 
and in hardening the lime, as when the iron was in 
combination with it. There had formerly been in the 
market a cement made from a stone containing the 
chromate of iron. The iron being first extracted, 
the residue was burnt and ground into a cement of a 
hard and durable character ; but it was so discoloured 
by tlie iron, as to be useless, except as a mortar. This 
disadvantage would attach to all cements impregnated 
with iron to the extent of 10 or 15 per cent., and less 
than that would not sensibly effect the induration. 
The question was, after all, one of expense, and he was 
of opinion that the mixture of iron, in solution wit! the 
artificial cements, or in a mechanical form, as iron filings, 
or scrap iron, with mortars and concretes, to produce 
induration, was impracticable on the ground of cost. 

In Mr. Grant’s experiments, it was also ascertained 
that, provided Portland cement be kept free from mois- 
ture, it did not, like Roman cement, lose its strength 
by being kept in casks or in sacks, but rather improved 
by age—a great advantage in the case of cement which 
had to be exported. Experiments, conducted over 
periods varying from one week to twelve months, with 
Portland cement weighing 112 lb. to the imperial 
bushel, gauged neat and mixed with varying propor- 
tions of different kinds of sand, showed that neat 
cement was stronger than any admixture of it with 
sand; that mixed with an equal quantity of sand (as 
had been the case throughout the Southern Main 
Drainage Works), the cement might be said to be, at 
the end of a year, approximately three-fourths of the 
strength of neat cement; that with two, three, four, 
and five parts of sand to one of cement the strength 
was respectively one-half, one-third, one-fourth, and 
about one-sixth that of neat cement.- Other experi- 
ments showed that at the end of twelve months, neat 
cement kept under water in a quiescent state was 
about one-third stronger than that which was out of 
water, both indoors and exposed out of doors to the 
action of the weather; that blocks of brickwork, or 
concrete, made with Portland cement, if kept under 
water until required for use, would be much stronger 
than if allowed to remain dry; and that salt water was 
as good for mixing with Portland cement as fresh water. 
Bricks of neat Portland cement, after being made three, 
six, and nine months, withstood a crushing force of 
65, 92 and 102 tons respectively, or equal to the best 


quality of Staffordshire blue bricks; and bricks of 
cement mixed with four and five parts of sand, bore a 
or se equal to the best picked stock bricks; while 
’ortland stone of similar size, bore on its bed a crush- 
ing — of 47 tons, and against its bed somewhat 

id Bramley Fall stone sustained on its bed 934 
tons, and against its bed 54% tons. Portland cement 
concrete made in the proportions of one of cement to 
six or eight of ballast, had been extensively used for 


less, ax 


the foundations of the river wall and the piers of the 
reservoirs at Crossness, as well as for the foundations 
generally both there and at Deptford, with the most 
perfect success. It was thought that it might be still 
more advantageously used as a substitute for brick- 
work or masonry, wherever skilled labour, stone or 
bricks were scarce, and foundations had to be made 
with the least expenditure of time and money. When- 
ever concrete was used under water, care must be taken 
that the water was still, as a current, whether natural 
or caused by pumping, would carry away the cement 
and leave only clean ballast. Roman cement, though 
about two-thirds of the cost of Portland, was only 
about one-third its strength, and was therefore double 
the cost when measured by strength. It was, besides, 
Very ill adapted for being mixed with sand. In con- 


eating his paper, Mr. Grant, while recommending 
ortland cement as the best article of the kind that 


could be used by the engineer or architect, warned 
every one who was not prepared to take the trouble, 
or incur the trifling expense of testing, not to use it ; 
“s, I manufactured with improper proportions of its 
“stituents, chalk and clay, or improperly burnt, it 
might do more mischief than the poorest lime. Further 
rxperiments were desirable, on the strength of adhesion 
etween bricks and cement, under varying circum- 
Slances ; on the limit to the increase of strength with 
age; on the relative strength of concrete made with 
various proportions of cément and ballast; and on the 
use of cement in very hot climates, where probably 
_— care would be required in pa the cement 
ie ee son keeping it cool until the process of 
setting been completed. On these and other 
mportant points, Mr. Grant trusted that all-who had 
ue Opportunity would record their observations, and 


Present them to the Institution of Civil Engineers, 
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THE BOILER ASSOCIATION. 


THERE are now several associations for boiler in- 
spection and insurance; but the Manchester Associa- 
tion for Preventing the Explosion of Steam Boilers, is 
the most important of them all. It commonly has 
nearly or quite 1500 boilers under the care of its 
officers ; and while fifty boiler explosions upon the 
average occur annually in the kingdom, it is but very 
seldom indeed that an explosion occurs among the 
boilers thus inspected. To go, now, into the argu- 
ments in favour of boiler inspection, would be like 
entering upon the advantages of education, or vac- 
cination, or the irrigation of dry soils. It has been 
proved during a period of twelve years, that the labours 
of the officers of the Association have been attended 
with most valuable results ; and it is almost certain, 
from a comparison with what goes on elsewhere with- 
out boiler inspection, that the Association is preventing 
dozens of —- yearly, and thus saving, possibly, 

A great explosion in Manchester, 
say in Union Street, Ancoats, might rival the horrors 
poy steamboat disaster, and cause . the 

Factory owners, no 

doubt, are most wishful that such disasters should be 
averted, much, perhaps, as every householder is anxious 
that his chimney should not take fire; yet, boiler ex- 
plosions and chimney fires do occur, in spite of all this 
anxiety, and chiefly, we may say, because those who 
are in charge are not competent 
amination, and by preparation, to prevent them. The 
mill owner may go to the best engineers, and pay a 
They may be made of the 
—~ be proved 
rd of strength— 


ives. 


high price for his boilers. 
a Best quality of plate, and may 
by hydraulic pressure to a high stan 
such a test is not usually applied—yet, with every desire 
to have the best boilers that can 
can no sooner get them at work than they become 
subject to influences upon which he has not calculated. 
A trifling leakage of steam in one place results in the 
trickling of a quantity of distilled water over the plates, 
possibly under the brickwork. As surely as this hap- 
pens, the best plates in the world become corroded— 
eaten away, often, to the thickness of paper. Or the 
firing may be too hard, and the furnace crowns may be 
cracked, or the expansion and contraction of a long 
boiler may break up the strength of the iron in the 
heads, or the perils of bad water may lead to burning, 
At every stage the manu- 


and possibly explosion. 
facturer requires the services of a vigilant, capable, 


undreds of lives. 


y foresight, by ex- 


e made, the owner 


This, the Manchester people have now had for a lon 

time ; and with it they have had a singular, althoug 

a perfectly intelligible immunity from explosions. 

The Manchester Boiler Association, of which Mr. 


engineer, publishes monthly a most valuable collection 
of results and observations, relative to boilers and 
engines. Years hence, these monthly reports—which, 
possibly, one half of those who receive them pitch into 
the waste paper basket—will be eagerly sought after, 
and will be reckoned as beyond price, rather from their 
scarcity, and their truthful narrative, and excellent 
suggestions, than from their intrinsic value. We make 
it a rule to reprint as little formal, documentary, or 
other already published matter, as possible, and we 
cannot therefore reprint regularly the monthly reports 
of the Boiler Association, valuable, and worthy of 
publicity and preservation, as we know them to be. 
But we may make extracts, and we shall now do so, 
more especially from the appearance of a new danger, 
not chargeable to, but incidentally incurred in con- 
nexion with the injector. The last report says : 

“The most serious case of injury to furnace crowns met with 
during the past month arose trom the want of a suitable feed 
back pressure valve, in consequence of which the water escaped 
from the boiler when the fires were banked up at night, and left 
in charge of the watchman. The furnaces were fitted with 
fusible plugs, and Ae the metal was melted the steam 
_ not appear to have been sufliciently high to put out the 

res, 
“The boiler was fed by an injector, and the feed pipe between 
the two was fitted with a stop tap, as is very usually the case. 
Since the boiler had no separate feed back pressure valve, it was 
the rule to shut this tap every night; but on the occasion in 
question this was neglected, when the water passing by the small 
inverted valve at the bottom of the injector escaped through the 
overflow, thus draining the boiler and laying bare the furnace 
crowns. 
‘The danger of dispensing with a separate feed back pressure 
valve to each boiler where an injector is used has frequently been 
pointed out to members adopting the arrangement, though the 
caution has usually been considered an unnecessary one; but 
any system that depends for its completeness on taps always 
being shut by hand is certain to fail some day or another, as in 
the present instance. The owners of the injured boiler are now 
going to have a separate feed back pressure valve fixed, and as 
it must be clear that to have done this in the first instance 
would have entailed much less expense than the repair of the 
overheated furnace crowns, it is thought that it would be far 
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Fairbairn is chairman, and Mr. L. E. Fletcher, chief 


wiser to fix a feed back pressure valve in every case rather than 
to run the risk of injury. It will also be seen that if the plan 
of keeping the feed inlet above the level of the furnace crowns, 
so frequently recommended in previous reports, had been adopted 
in this case, the drain through the feed pipe could not have laid 
the plates bare. 

“In conclusion, therefore, it may again be recommended that 
every boiler should have its own distinct self-acting feed back 
pressure valve, and that the feed inlet should always be above 
the level of the furnace crowns. The most convenient way of 
accomplishing which is, it is thought, to fix the feed box imme- 
diately on to the front end plate of the boiler, and to connect to 
it a horizontal perforated pipe, several feet long, carried in- 
ternally and between the levels of low water and the furnace 
crowns.” 


THE LOSS OF THE LONDON. 

TERE can be no doubt that the steamship London 
was lost solely from the want of protection over the 
engine-room hatchways. Captain Martin had put his 
ship about, in the Bay of Biscay, with the intention of 
returning to Plymouth, unable as he «was to steam 
against a hurricane. After he had got his ship round, 
and with the wind dead astern, two or three seas, one 
after the other, broke over the ship, bursting through 
the engine-room hatchway, and sending tons of water 
below. The engines of the London were made by 
Messrs. Humphrys and Tennant, and had a large centri- 
fugal pump, 4 ft. in diameter, for circulating the water 
for the surface condensers. This pump was driven by 
a single engine, with 16 in. cylinder and 12 in. stroke, 
and so arranged as to take its water either from the sea 
or from the ship. Mr. Greenhill, the chief engineer, 
states that the bilge suctions of all the pumps were 
drawing air the moment before the engine-room sky- 
light was washed away. In ten minutes after this 
disaster occurred the boiler hold was flooded with 
water, the fires put out, and it was impossible to do 
anything in the engine room. Hence the suction of 
the centrifugal pump, from the ship, was not opened. 
We were not aware, when we penned our paragraph 
last week, that the London had a centrifugal pump, 
and that, under the circumstances, it could be of no 
avail. We cannot help thinking, however, that in such 
weather, the probability that the ship would ship onc 
or more seas should have been foreseen, and, that on 
the first crash, a man should have been standing by to 
put over the suction cock of the centrifugal — from 
the sea to the bilge. Of course with a vessel already 
waterlogged and settling in the sea, no centrifugal 
or other pumps would be of any avail, but if they were 
ready on the first rush of water, a large pump could 
easily lift out of the ship 50,000 gallons, or upwards 
of 1300 tons in ten minutes, and we do not suppose 
that this quantity of water had been thrown into the 
hold of the London when the engineer found himself 
compelled to abandon his post. 
The real source of danger was in the hatchway, a 
great opening 12 ft. by 8 ft., or thereabouts, and 
covered, we presume, as most engine-room hatchways 
are, by a sort of cucumber frame structure of glass 
and woodwork, which any man with a will could knock 
to pieces in a few minutes with a hand hammer. Of 
course the furnaces must have air, but this could be 
had through a cold air chimney, answering to the down- 
cast shaft of a coal pit. So, too, light is desirable in the 
engine room, but at this season daylight could only find 
its way down for about nine or ten hours out of the 
twenty-four, while for the rest of the time lamps must be 
employed. Had the hatchway of the engine room of 
the London had heavy plate iron sides, extending three 
feet or so above deck, and had the skylight been fitted 
with strong iron sashes, and covered even with revoly- 
ing shutters, bearing fairly at short distances upon 
these sashes, there would be much reason to suppose 
that no large quantity of water could have found its 
way down. A strong iron covering could of course be 
made under the whole, and it is important for ship- 
owners to ascertain whether such a protection cannot 
be made to work under the main deck, so as to be 
drawn close when necessary in a storm, the air being 
then taken down to the furnaces through a stout chim- 
ney or downcast shaft constructed for the purpose. 
‘We trust that the sad fate of the victims by the 
disaster to the London, and the not less striking warn- 
ing afforded by the case of the Amalia, will not be 
forgotten. In both cases the — had unlimited sea 
room, and they were tight in their hulls, and their 
engines and boilers were in good working order up to 
the moment of their foundering. We need not assert 
any strong propositions, nor preach a homily, when we 
say that it is perfectly practicable, as well as impera- 
tively necessary, that steamships be constructed so 
that no matter how much water breaks over them, it 
cannot find its way into the hold, at least not faster 
than the ordinary pumping power at hand can effect 
its removal, 
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ENGINEERING IN THE CITY. 


Tae Holborn-valley Viaduct scheme has passed 
through the most remarkable pecuniary vicissitudes 
known to engineers and contractors. The parlia- 
mentary estimate for the construction of the viaduct, 
irrespective of land, wis 53,000/.,, the plans having been 
prepared with the assistance of Mr. Haywood, the 
surveyor of the Commissioners of Sewers. After the 
Corporation had obtained their Act, authorising the 
construction of the works, the members of the City 
Council appear to have become frightened at the ugly 
structures which engineers were running up under the 
shadow of St. Paul’s and in the Borough, and a very 
strong feeling was expressed that the Holborn-valley 
works should be carried out under the directions of the 
City architect. The matter was accordingly turned 
over to that gentleman, Mr. Horace Jones, and he some 
time afterwards produced his plans and a report upon 
the whole subject. His plans and specifications were 
next given out to contractors, the Improvements Com- 
mittee having made application to no less than twelve 
of the leading contractors in London. Of these but 
six sent in tenders, and these ran from 239,507/. to 
249,700/., or nearly five times the amount of the par- 
liamentary estimate. No wonder that the Committee 
found themselves in a dilemma. They appointed a 
special committee, from their own number, to further 
consider the whole matter, and the result was that it 
was at last referred to Mr. Joseph Cubitt, the engineer 
to the London Chatham and Dover Railway Company. 
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Some time during last month, Mr. Cubitt, after a care- 
ful examination of the plans and estimates, reported 
that the plans upon which the original estimates had 
been made, and those upon which the tenders had been 
sent in, were widely different from each other, and that 
as the time to which the contractors would be limited 
in the construction of the work was extremely short, 
the parties tendering had evidently added a very large 
sum to their prime cost estimafes to cover themselves 
from risks. But after making every allowance, Mr. 
Cubitt could not quite see why so great a difference 
between the original estimates and the tenders should 
exist. He found, moreover, that Mr. Haywood and 
Mr. Jones held widely different views as to the design 
and construction of the viaduct, and after carefully ex- 
amining the plans of both, Mr. Cubitt gave the pre- 
ference to that of Mr. Haywood, and his own opinion 
was, that with a reasonable time given for construction, 
a viaduct 75 ft. wide could be made for 110,000/., or 
80 ft. wide for 116,0007. 

Mr. Haywood and Mr. Jones, before whom Mr. 
Cubitt’s report was afterwards laid, gave further ex- 
planations, but still differed from each other in their 
views as to the execution of the work. Mr. Haywood 
proposed to take the whole work in hand on his own 
account, and to construct it for 101,977/., or 130,0002. 
less than the lowest of the tenders. Here was a new 
position for a paid officer, but the Court of Common 
Council appear to have decided in their own minds 
that Mr. sale is the right man in the right place, 
and they last week passed a resolution which virtually 











commits the works to him as contractor. Alderman 
(formerly Lord Mayor) Rose did not concur, however. 
He expressed an opinion which it is as well to place 
upon record, that engineers, or certain of their number, 
may know what some persons think of their works. 
Said Alderman Rose :—“In no other capital in the 
“known world would such abominable structures be 
“tolerated as have been erected by engineers in the 
“streets of London. ‘hey are a standing reproach to 
“the engineers who carried them into execution, an 

“their only recommendation is that they are cheap.” 
Whether the Holborn-valley Viaduct will be a sample 
of ordinary railway brickwork, we will not now attempt 
to decide, but it is very certain that it will be far from 
the embellished structure which Mr. Jones, the City 
architect, had hoped to make it. 








THE COGGING MACHINE AT CREWE. 


Tue machine shown in the accompanying figures is one de- 
signed by Mr. Ramsbottom (to whom we are indebted for the 
drawings from which our illustrations were prepared), a0 
erected at the London and North-Western Railway works, at 
Crewe, for “cogging,” or roughing down large ingots of steel 
or blooms of iron, and also, by a'slight modification, for shaping 
forgings by compressing them in suitably formed dies or moul 
The machine consists principally of two large rolls about 5 ft. 
1hin., in diameter, these being built up of a central portion (2 ft. 
2in. thick) which may be cast in one piece with the bearings, 
and two or more segmental blocks which are attached to the 
central portion by bolts. The segmental blocks may be 
with grooves of any required section; for instance, those shown 
in the transverse section have grooves for rolling square ingots 02 
the flat. The segments can be changed when worn or when it 8 
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desired to replace them by others 
having grooves of a different 
shape. The bearings of the rolls 
are 2ft. in diameter, 1 ft. 6 in. 
long, and 5 ft. 5 in. apart from 
centre to centre; the distance 
between the side frames of the 
machine being 3ft.114in. The 
side frames are 15 ft. high, and 

1 ft. 54in. thick, and are bolted 

down to two lower frames 2 ft. 

Gin. deep and 25 ft. long. The 

lower frames are of an I section, 

the thickness of the metal averag- 
ing 4 in., and the top and bottom 
flanges being connected by double 
ribs wherever a bolt is carried 
through the frames. The whole 
machine is bolted down to a solid 
foundation, and the lower part is 
sunk below the ground, so that 
the floor level is about 1 ft. 9in 
below the top of the lower roll, 
The rolls are furnished at one 
end with pinions of equal size, 
gearing into each other; and the 
ower roll also carries at its other 
end a spur wheel, 15 ft. in dia- 
meter. Into this wheel gears a 
pinion 3 ft. 6 in. in diameter, 
fixed upon a shaft also provided 
with a spur wheel, this wheel 
being geared into by a pinion 
situated on a second shaft, carry- 
ing a spur wheel driven by a 
pinion on the crank shaft of the 
engine. The engine employed at 
Crewe for driving the rolls is a 
double horizontal one, having cy- f 
linders 17 in. in diameter, with 
a stroke of 24in. The reversal 
of the motion of the rolls is 
effected by reversing the engines, 
and as the speed of the latter is 
very high compared with that of 
the rolls, the reversal can be 
easily effected at any desired point. 
They work at 60 lb. pressure. 
The journals of the upper roll 
are furnished with brass bear- 
ings both above and below them, 
those of the lower roll have bear- 
ings on the under side only. The 
brass bearings of the top roll are 
carried between cast-iron caps, 
which slide in guides formed in 
the side frames. ‘The lower caps 
rest on the rams of two small 
hydraulic presses, placed one in 
each side frame, as shown in the 
figures, and the pressure of water 
being maintained in these presses, 
the top roll is kept pressed against 
its upper bearings, and would be 
raised if this was not prevented. 

The distance between the rolls 
is regulated by means of another 
hydraulic cylinder as follows : 
above the top cap of each bear- 
ing of the upper roll is placed a wedge made to slide through 
the frames at right angles to the rolls, as shown by the side 
elevation. These wedges are furnished at one end with racks, 
which gear into pinions fixed on a shaft, passing across the 
machine, and carried by brackets attached to the main frames. 
The pinion on one side of the machine is made longer than that 
on the other side, and into this long pinion is geared a second 
rack, which works vertically. This last mentioned rack is 
fastened to the rod of a piston working in a cylinder bolted to the 
side frame of the machine, and by admitting water under a high 
pressure into this cylinder, either above or below the piston, the 
rack can be raised or lowered. ‘This vertical movement of the 
rack of course produces a rotary movement of the shaft carry- 
ing the pinion into which the rack gears, and thus, by means of 
the other pinions, causes the sliding pieces to be forced inwards 
or withdrawn, according to the direction of the motion. The 
withdrawal of the sliding pieces brings the wider end of the 
tapered portion over the bearings of the top roll, and thus forces 
the rolls nearer together; the rams of the hydraulic presses, 
upon which the bearings of the top roll rest, being forced inward 
to allow this to be done. 

In place of the segmental portions of the rolls being provided 
with grooves for reducing ingots, they may be made with re- 
cesses which, when the rolls are together, correspond in shape to 
finished forgings of which a number are required. In this 
manuer drawhooks and many similar articles can be very rapidly 
forged, a piece of heated iron of the requisite size being placed 
between the rolls and drawn backwards and forwards by the re- 
versal of their motion as many times as is required. The 
grooved segments can be turned up in their places in the ordinary 
way, by tools carried by slide rests, fixed against the lugs pro- 
vided for them on the side frames of the machine. 
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DEEP SEA CABLES. 
_ Gurta-percua is a material known only, for the prac- 
tical purposes of science, since 1847, or less than 20 
years ago. It is a non-conductor of electricity, but 
it is to some extent a conductor of heat. Whoever 
stands upon ice, although he may wear gutta percha 
Soles, or, for that matter, gutta-percha boots, will find 
the natural warmth of his body conducted away, and 
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will not need to wait long for “cold feet.” In deep- 
sea cables, gutta-percha is employed as the best insu- 
lating medium; but, while it encloses a copper con- 
ductor, it is in turn encased in iron or steel wires. 
The linear expansion of copper, for any given increase 
of temperature, is nearly one half greater than that of 
iron or steel. If a cable be constructed with a tem- 
perature, in all its parts, of 70°, and it be then sub- 
merged in water at 50°, the copper core must contract 
much more than the external iron or steel wires. And 
if it be sunk in water at 85°, which is somewhere near 
the highest temperature in the Gulf Stream, the ex- 
pansion of the copper would be much more than that 
of the external steel or iron wires. Whatever the 
temperature of the water, the gutta-percha will soon 
pen heat suflicifntly to leave both the steel or the 
iron and the copper at the same uniform temperature. 
We need not point out that the unequal expansions or 
contractions of the different metals must in some way 
be accommodated in the cable itself, or, if not easily 
accommodated, the cable must be more or less injured. 
What the expansion of metals may be under ordinary 
variations of temperature is shown by the scarfed joints 
at the end of the Britannia-bridge. There are 1500 ft. 
or so, in one length of iron tubes, which “come and 
go,” at their ends, to the extent of several inches, and, 
indeed, they are always working to and fro, along the 
fixed rails on shore, with every gleam of sunshine, or 
passing cloud, or chilling breeze. 

In a cable of 2000 statute miles’ length, the excess 
of the expansion of the copper over the soft steel outer 
wires, supposing them both of equal length, at 32°, 
and that they were raised thence to 212°, would be up- 
wards of one mile, or, taking the best data, one mile 
and 738 ft. This expansion would, of course, be but 
one-third as much for one-third the range of tempera- 


ture, or from 32° to 88°, but even here, the superior 
expansion of three furlongs in length of the copper, as 
compared with the steel wires, must, one coll sup- 
pose, cause some distortion, if not some permanent in- 
jury to the cable at some point, unless, by the slight 
untwisting of the spiral steel or steely iron wires, the 
difference could be readily adjusted. This adjustment 
no doubt, does take place. if it did not, it is difficult 
to see how any long submarine cable could ever be 
made, laid, and worked successfully. But there is 
something in this question of expansion and contrac- 
tion which, it appears to us, goes far to account for 
the mysterious fragments of wire which were found to 
have punctured the last Atlantic cable. The cable 
was made.and then closely coiled in the large iron 
tanks on board the Great Eastern. Each tank con- 
tained from 700 to 800 miles, or, say 1400 tons, of 
cable.. Once coiled in, the cable, under pressure and a 
certain atmospheric action, generates a considerable 
degree of heat, as is well known where thermometric 
observations have been made within similar tanks 
filled with coiled cables and water. In the open air, 
or the open sea, the outer wires might have no difli- 
culty in adjusting themselves readily to the difference 
of expansion between their own substance and that of 
the copper conductor, at the higher temperature. But 
when ‘coiled closely in.a deep tank, the bottom coils 
supporting the great superincumbent weight of the 
cable above them, and being, at the same time, sub- 
jected to a greater heat due.to the greater pressure, it 
is not so clear that the wires could adjust their expan- 
sions at all, without puncturing the insulating material. 
Even without considering the copper wires at all, the 
steel or iron wires might be broken in the very effort 
of expansion, for all metals expand by heat with a 
force at least equal to their own cobesive strength. 
The outer wires of the last cable were made by 
Messrs. Webster and Horsfall, of their so-called 
“homogeneous iron,” a term, which is but a term, 
having no definite meaning of its own, and represent- 
ing steely iron. The same makers, it is understood, 
have been commissioned to roll and draw the wire for 
the new cable. Steely iron has great tensile strength, 
and under ordinary temperatures shows great tough- 
ness or ductility. But, it is known that it will not 
withstand considerable. variations of temperature. At 
any rate, strong and tough as it apparently is, it has 
not answered for furnace-plates for boilers, but has, 
before now, snapped as short as glass, even when there 
was no fire near it, and no -external strain: upon it. 
We wish it to be understood that we are not here 
speaking of Messrs. Webster and Horsfall’s iron, of 
which we: know nothing, except that all very strong 
irons are of a steely character, and that reasoning 
from analogy, we should never trust it under consider- 
able extremes of temperature. We believe that, how- 
ever strong and ductile if may be as it leaves the 
maker’s factory, a considerable degree of pressure, or 
restrained expansion, together with a moderate in- 
crease of heat—whether spontaneously generated or 
otherwise—would impair Soth its strength and its 
ductility. The fact of such wires doubling up and 
breaking within a deep coil of cable, would im no way 
conflict with what is known of the material when 
under the combined influences of heat and strain. 

The homogeneous iron wires of No. 13 gauge, or 
0,0071 square inch section, were by contract, to bear 
from 8501b. to 11001b. without breaking. The Bir- 
mingham wire drawers take 568 lb. as the breaking 
weight of iron wires of the same sectional area. If 
iron wires were employed for a cable, they would need 
therefore to be twice, or more than twice as heavy, to 
resist the same breaking strain, and from their own in- 
creased weight, they would require almost double the 
weight of manilla, or other covering, to keep down the 
specific gravity of the cable. Still it is not certain 
that iron wires are not even preferable to “ homo- 
geneous iron” for deep-sea cables. We say this more 
with reference to the behaviour of the outer wires 
under great pressure and considerable heat as when 
coiled in large tanks. It appeared that the pieces of 
broken wire, which penetrated the last cable, were 
portions of the outer covering wires themselves, and 
could only have been broken and forced through the 
insulating material, either by the brittleness of the 
wire or a restricted expansion or contraction when 
under great pressure. It is known that railway bars, 
when laid too close, have, in hot weather, lifted them- 
selves, so to speak, from the road bed, and been bowed up 
or thrust aside through a distance of three or four feet. 
We must allow for the free expansion and contraction of 
metals wherever they are subjected to varying tempera- 
tures, and it is more than doubtful whether, in the con- 
struction of telegraph cables, this has been always done. 
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SETTING CORNISH BOILERS, 

Norwirnustanpine the large number of Cornish 
boilers which have been constructed for supplying 
steam to stationary engines, and the experience 
which boiler makers might consequently be supposed 
to have gained respecting the proper mode of setting 
them, it is not at all an unusual thing to find that the 
brickwork by which such a boiler is surrounded, is 
arranged in a manner directly tending to promote the 
destruction of the boiler. One of the main points to 
be regarded in setting a boiler is to so place the points 
of support that no water can lodge between the brick- 
work and the plates, this being a fruitful cause of cor- 
rosion. For this reason a boiler should never be sup- 
ported by a midfeather running along the bottom of it, 
if it is possible to avoid such an arrangement; as any 
water leaking from the seams runs down to the lowest 
point of the boiler, and settles between it and the top 
of the midfeather. In cases where the diameter of the 
boiler is small, and the system of side flues and sup- 
ports cannot therefore be conveniently applied, the mid- 
feather upon which the boiler has to be carried, should 
be faced with fire-brick blocks, the tops of which 
should be made as narrow as is consistent with the 
provision of a proper bearing surface—a width of 3 in. 
or 4in. is generally quite sufficient. All the flues 
should be faced with fire bricks, and these as well as 
all brickwork in contact with the boiler should be set 
in fire clay, no mortar being allowed to touch the plates. 
The longitudinal seams of the boiler should be so dis- 
posed that they may be clear of the brickwork when 
the boiler is set, and in the case of lap-joints, the top 
plate should be the outside plate of the lap. By 
adopting these precautions, any water leaking from 
the joints is prevented from lodging in one place in 
contact with the plates. 

The flues and supporting walls for a Cornish boiler 
5 ft. in diameter, may be well arranged as follows : 
The boiler should be carried upon fire-brick blocks 
placed on the top of the side walls of the bottom flue, 
these being placed 2 ft. Gin. apart. The fire-brick 
blocks should be 12 in. wide at the base, 3 in. wide at 
the top where they bear against the boiler, and 144 in. 
high on the vertical faces, these faces being opposed to 
each other, so that all the taper is on the outside of 
the blocks. The tops of the blocks should be shaped 
so as to fit the boiler, and the bases made, as shown 
in the figure, so that they abut against the brick- 
work forming the bottom of the side flues, and are 
thus prevented from spreading. The outside walls 
of the side flues should be placed 6 ft. apart, and the 
distance between them and the boiler will then be 6 in. 
in the narrowest part of the flues. The tops of the 
side flues should be level with that of the internal 
flue, and the bottoms 6in. below the bottom of 
the boiler. The outside walls of the flues should be 
vertical, and a recess or pocket, in which the soot 
can be deposited without covering any of the heating 
surface of the boiler, will thus be formed behind the 
fire-brick blocks upon which the boiler rests. The 
flame, after leaving the internal flue, should be first 
made to pass along the underside of the boiler, and 
on arriving at the front end be split, and made to 
return along the side flues from which it passes to the 
chimney. Bypassing the flame along the underside of the 
boiler immediately after it leaves the internal flue, the 
circulation of the water is promoted, and the straining 
of the end plates of the boiler arising from the difference 
in the temperature of the flue and external shell is to a 
great extent avoided. The side flues may either be 
united at the back of the boiler, and a damper be 
inserted in the flue extending from the junction to the 
chimney, or each flue may be furnished with an inde- 
pen dent damper. 

The sizes which we have given above refer to the 
setting of a boiler 5 ft. in diameter; for larger boilers 
the same general arrangement of flues, &c., may be 
retained, the dimensions being proportionally increased. 
For a boiler 6 ft. in diameter, the distance between the 
supporting walls may be $ft., the fire-brick blocks 
bemg 124 in. high on their vertical faces, 12 in. wide 
at the base, and 4in. at the top. The outer walls of 
the side flues may be 7 ft. apart, making the width of 
the flues at the narrowest part 6 in., and the bottoms 


flues may be 3 in. below that of the boiler; the 


of the 


tops of the external being in all cases on the same 





level as that of the internal flue. For a 7 ft, boiler the 
dimensions may be as follow: distance between sup- 
porting walls, 4 ft.; depth of bottom flue, 2 ft.; height 
of fire-brick blocks on vertical face, 12 in.; width of 
blocks at base, 12 in,, and at top, 5in, The outer 
walls of the side flues should be 8 ft. apart, leaving 
6 in. between them and the nearest point of the boiler, 
and the bottoms of flues may be level with that of the 
boiler. 

The top of the brickwork setting may be neatly 
finished by a stone coping about 2 in. thick, and that 
part of the boiler which yrojects aboye this should be 
carefully clothed or cleaded with felt and wood. The 
wall under the front end of the boiler should have the 
top bevelled off, so that the width of the face bearing 
against the boiler does not exceed 4} in.; and when 
the angle-iron ring connecting the front plate to the 
shell is external, the brickwork should be set back, so 
that the whole ring is exposed; any leakage from the 


joint can thus be immediately detected. The blow-off 


cock may be conveniently placed on the underside of 
the boiler at its front pe fon brickwork being recessed 
for its accommodation, and a grating and drain being 
provided for leading away the waste water. Boilers 
having the blow-off cocks placed at the front end, are 
frequently set at a slight inclination, about lin. in the 
length of the boiler. If the boiler is butt-jointed, or 
has the joints arranged telescopically, so that the boiler 
gradually increases in diameter towards the front end, 
this is a good plan, as it allows the boiler to be com- 
letely cuniiel if, however, the boiler is made with 
ap joints arranged in the ordinary manner, the inclina- 
tion is of little or no use. All the flues should be pro- 
vided with cast-iron doors, by means of which easy 
access can be obtained to them either for the examina- 
tion of the boiler or for cleaning purposes. In some 
cases we have known cast-iron blocks to be used with 
good results for carrying the boiler, in place of those of 
tire brick above mentioned ; but we do not think that 
their employment has ever been very extensive. 

Injury is not unfrequently done to the top plates of 
the flues of Cornish boilers by the violent impact of 
the flame against them, this being caused by the pas- 
sage above the bridge being of insufficient area. When 
Staffordshire coal is employed, an area above the bridge 
of 25 square inches per square foot of fire-grate will 
not be found at all too great, whilst with some other 
coals this area may be increased with advantage. As 
an approximate rule, it may be said that the passage 
above the bridge should haye an area of about 2 square 
inches for every pound of coal burnt on the grate per 
hour. The fire bars should be set so as to slope down- 
wards towards the bridge at an inclination of about 1 
in 12, and a good dead plate, 12 to 8 in. long, should 
be placed between them and the firedoor. Generally 
speaking, the furnace mountings of stationary boilers 
are made of east iron, and are much too heavy; con- 
siderable damage is sometimes done by them in eases 
of failure of the flue. Many accidents of this kind 
might be prevented by the adoption of light wrought 
iron mountings. 








BLOWING ENGINES. 

Tue blowing engines at the large new furnaces of 
Messrs. Stevenson, Jaques and Co., at Middlesborough, 
are upon the plan patented by Mr. Beckton, who de- 
signed the furnaces. Many of our readers are doubt- 
less familiar with the design of a steam, engine attri- 
buted to Mr. David Napier, and which has been often 
repatented. In this design there is no piston rod, in 
the ordinary sense, but the connecting aa works upon 
a pin or joint within the piston itself, and the oblique 
movement of the connecting rod through the cylinder 
cover is compensated by allowing the cover to slide to 
and fro, across the end of the cylinder, and also by 
making a vibrating stuffing box in the cover, as the 
axis of the connecting rod is at one moment at right 
angles to the plane of the cover, and, at another instant, 
inclined perhaps 10° or 15° from that angle, according 
to the proportion which the length of the connecting 
rod bears to the length of the erank. 

Mr. Beckton has applied this idea to a blowing 
engine. The steam cylinder is placed vertically over 
the air cylinder. In the ease of the engines designed 
by him for the Acklam Ironworks, at Middlesborough, 
the single air cylinder is 100 in. in diameter, and the 
piston has 4 ft. 6 in. stroke. The steam and air 
cylinders are supported by stout standards, and the 
crank shaft is beneath. The connecting rod is jointed to 
the lower side of the air piston, and as the rod swings 
to and fro it slides the loose bottom cover of the air 
cylinder across the bottom of the cylinder itself. The 


means of a lever on the outside of the cylinder, to the 
top sliding cover, this cover being thus moved, back- 
ward and forward, by its connexion with the bottom 
cover. Those who desire to go more fully into details 
may see Mr. Beckton’s engine described in his patent 
specification, Number 801, for the year 1864. As the 
cylinder covers slide to and fro, they alternately open 
and close openings for the admission and escape of the 
air. It will occur to many that the sliding covers must 
work with considerable friction, and that the blast 
openings are opened too slowly, and must necessarily 
begin to close too soon. We believe that one of the new 
engines at Middlesborough, and which was intended to 
blow two furnaces, is blowing one only at about 13 lb. 
pressure per square inch, the speed of the engine being 
50 revolutions per minute. We do not know whether 
furnace engineers are in the habit of taking indicator 
diagrams from blowing engines, but we are convinced 
that it would tend greatly to the improvement of this 
class of machinery if this were done. 








THE PRICE OF BESSEMER RAILS. 

TE irons required for the Bessemer process are 
hematite and spiegeleisen. English hematite is now 
offered, in certain lots, in London at 3/. 5s. per ton, 
and the Barrow in Furness hematite is laid down in 
Sheffield at prices of from 3/. 10s. to 47. 15s. per ton. 
For Bessemer ingots intended for special purposes, 
from one-fourth to one-half Dannemora Swedish pig is 
employed along with the hematite, and this costs say 
6/. 10s. to 7/. per ton, although we know of a lot 
lately sold at 5/. 10s. The spiegeleisen, employed in 
the proportion of one ton to seven tons of other iron, 
costs 7) per ton, The ayerage price of all the irons 
in the converter is seldom 5/. per ton, The Bessemer 
royalty is 2/, per ton of ingots, but for ingots made into 
rails, there is a drawback of 1/. per ton of the finished 
rails, the royalty for rails thus amounting to something 
like 25s. per ton of pigs melted. Upon this royalty 
the patent is now paying 200,000/. per annum, the 
tonnage of Bessemer ingots by all the firms in the 
trade being well known. The waste of iron from the 
pig to the ingot does not average over 11 per cent., 
and the waste in rolling into rails is but moderate. 
Now and then, of course, an ingot is made that will 
not bear reheating and hammering, but the proportion 
of losses of this kind is very small. We have on former 
occasions given particulars of the consumption of coal 
in the process, and in reheating, and it is not difficult, 
therefore, to understand how it is that a Manchester 
firm were enabled, but a few weeks ago, to offer the 
Bombay, Baroda and Central India Railway Company 
4000 tons of Bessemer rails, at 12/. per ton. We 
believe that Mr. Rendel of the East Indian Railway, 
maintains that Bessemer rails should cost no more 
than iron rails, and that when, and only when, the 
price of the former has fallen to that of the latter, he 
will adopt steel in his permanent way. 

At Barrow in Furness, the present price of ingots is 
12/. per ton. The prime cost of the iron is not more 
probably than 50s. in the converters, 








Tue Braprorp Reservorrs.—Mr. Ferrand has again 
addressed the Home Secretary upon the alleged unsafe state of 
Doe Park Reservoir, He states that, upon a recent visit, he 
found that a second dangerous subsidence in the embankment 
had taken place, and was informed that the borough surveyor 
was going to adopt ‘the injudicious and dangerous course—so 
strongly condemned by Mr. Rawlinson as dangerous to the lives 
and property of the inhabitants below—of opening another 
trench to search for the leaks.” He alleges that “the borough 
surveyor, who has the management of the Bradford waterworks, 
has not had the training and does not possess the least practical 
knowledge of a civil engineer,” that “his only title to attach 
C.E. to his name is the payment of a small fee to the Institu- 
tion of Civil Engineers,” and that “ his patchings and tinkerings 
have been condemned, not only by the Government engineer, but 
by every unbought eminent engineer who has seen them.” The 
hon. gentleman then refers to defects in the Grimwith and 
Barden Reservoirs, and concludes his letter by stating that 
“persons practically acquainted with reservoirs in this neigh- 
bourhood are confident that the Doe Park embankment must 
have yielded to the enormous pressure of wind and water which 
would have been driven against it during the late hurricane, 
had it been full.” 

Mr. Dace’s Scueme FoR WATER Supp.y IN THE 
Nortu.—We learn that the Town Council of Wakefield are 
already taking action with reference to Mr. Dale’s proposal to 
bring water through Yorkshire and Lancashire from Westmore- 
land and Cumberland. The Wakefield Council are memorla- 
lising Government to issue a commission of scientific men to 
inquire into the scheme. We trust that this will be granted, 
and that nothing will be done to obscure Mr. Dale’s just claim 
to the credit of such a conception. He is* now plotting his 
lines of pipes and sections on the Ordnance map of a scale o 
6 in. to the mile. He says, “ the works are exceedingly simple. 
There are no difficulties beyond these of capital, cast-iron pipes, 
and labour. Nature furnishes the rest.” 
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STEAM CULTIVATION. 


More than thirty years ago Mr. Heathcote, aided by 
Mr. Josiah Parkes, took out a patent for cultivating 
machinery, and a plough made in accordance with this 
yatent was tried at the Dumfries meeting of the High- 
and Society, in 1837. The results obtained with it, 
however, did not, in the judges’ opinion, justify the 
award of a premium. ‘Twelve years later, in 1849, a 
steam plough was brought out by Mr. Hannam, of 
Berkshire, and this apparatus, which was constructed 
by Messrs. Barrett and Exall, may be regarded as the 
first in which wire ropes, leading from an ordinary 
engine, were employed to work a set of ploughs, Still 
later, Lord Willoughby d’Eresby apelied steam power 
for cultivating purposes on his farms in Lincolnshire. 
His engine was placed in the middle of the field to be 
ploughed, and the ploughs, which were attached to an 
iron frame, and made so that they could be reversed at 
each end of their travel, were drawn backwards and 
forwards between the engine and anchors fixed at each 
headland. His Lordship sent to the Great Exhibition 
of 1851 a detailed plan of his mode of using steam 
power. 

Shortly after this the Marquis of Tweeddale intro- 
duced another improvement ; two engines, one placed 
on eacit headland, were employed in his system, the 
ploughs being drawn to and fro between them. About 
the same time a rotary cultivator was devised by 
Mr. Usher of Edinburgh, which was tried several 
times with more or less success, but was ultimately 
laid aside: 

In 1858, on the occasion of the meeting of the 
Royal Agricultural Society at Chester, the Society’s 
premium of 500/. was awarded to the late Mr. John 
Fowler for the system of steam cultivation introduced 
by him, his competitors being Messrs. Howard of 
Bedford, Mr. Thomas Rickett, of Buckingham, and 
Messrs. Crowley and Sons, of Newport Pagnall, The 
practical introduction of steam power for cultivating 
purposes may be considered to date from the Chester 
meeting, as since that time its use has extended 
rapidly. 

At the Chester meeting, Mr, Fowler employed one 
of Ransomes and Sims’ engines, of 10 horse power, 
driving a separate windlass, the latter being made by 
Messrs. R. Stephenson and Co., in accordance with a 
patent taken out by Mr. Fowler and Mr. Wm. Worby, 
in December, 1857. The engine and windlass were 
shifted along one headland, and an anchor along the 
other as the work proceeded, an endless rope. passing 
round friction drums on the windlass, being employed 
for drawing the ploughs backwards and forwards. In 
perfecting a system of steam cultivation, there are 
numerous obstacles to be overcome, and we accordingly 
find that many plans were tried by Mr. Fowler before 
he adopted the system now so well known. At first 
the engine and windlass were placed on one side of the 
field to be cultivated, and the wire rope was led from 
the windlass to a pulley fixed in the corner of the field, 
thence, round a movable anchor traversing along one 
headland, across the field to an anchor moving along 
the opposite headland, from which it returned round a 
fixed pulley at the corner of the field to a second drum 
on the windlass. The ploughs were attached to the rope 
between the two anchors, and were traversed back- 
wards and forwards by winding the rope on and un- 
winding it from each drum alternately. An improvement 
was next made by removing the fixed pulleys from the 
corners of the field, and allowing the rope to pass dia- 
gonally from the windlass to the movable anchors ; 
the rope immediately after leaving the drums being 
led over a pair of horizontal guiding pulleys attached 
to the windlass. The next modification was the appli- 
cation of a direct pull upon the implement, the wind- 
ing drums being placed underneath the engine, which 
was itself made to travel along one headland, whilst 
the rope passed over a sheave carried by an anchor, 
which was shifted along the opposite side of the field. 
lhe ploughs were of course hauled to and fro between 
the engine and anchor. 

Then followed an important improvement, the 
employment of an endless rope, stretched across the 
field like that just mentioned, but driven by friction 
stead of being alternately wound on and unwound 
from adrum. At first, as in the trials at Chester, the 
rope was led four times half-round two grooved pulleys, 
in order to get the necessary amount of hold upon it ; 
but it was found that this plan, although it worked 
well when new, had faults which ultimately led to its 
abandonment. Considerable injury was done to the 
ope by the numerous bends, and it was found in time 
that the grooves of the driving drum wore very 
unequally, those first receiving the rope wearing twice 


as fast as the others. The drums thus became ot 
different diameters in different parts, and a continual 
surging of the rope was the necessary result. A single 
driving drum with two V grooves, in each of which 
the rope was made (by means of guide pulleys) 
to take threesquarters of a turn, was next em- 
ployed; and this form of driving gear through 
—— to some extent the disadvantages of that 
ast described, is still at work in some places. The 
contrivance of the “clip drum” at length placed at Mr. 
Fowler’s disposal a means whereby the rope could be 
driven with only a single bend, without slip, and con- 
sequently almost without abrasion, This clip drum 
which is now so extensively used in steam ploughing 
machinery, and is also employed to some extent for the 
winding pulleys of colliery inclines, consists of two rings 
carrying between ‘them a series of pairs of clips, the 
jaws forming which are so hinged to the rings as to 
form a V in which the rope is laid; the strain upon 
the rope tending to close the clips and make them grip 
more tightly. Each pair of clips closes as it arrives at 
the point at which the pressure of the rope commences, 
and opens again after passing round to the point at 
which the pressure is removed. The adjustment 
necessary for ropes of different sizes is effected by the 
lower ring being screwed upon the main cylinder of 
the drum, so that by turning it round the distance 
between it and the upper ring, which is made in one 
piece with the body of the drum, can be varied. 

When two drums, on each of which the rope is 
alternately wound and unwound are employed, the 
tightening of the rope is ensured by driving the winding- 
up drum at a slightly greater speed than that from 
which the rope is being given off. The slack is thus 
taken up by a few revolutions of the drums, after 
which the pulley driving the paying-out drum slips on 
its shaft, it being connected with the latter by a friction 
brake. When an endless rope is used, the tension is 
maintained by a simple arrangement of “ slack gear,” 
carried by the mi It consists of two small barrels 
to which the rope is attached; these barrels being 
geared by pitch chains and pulleys, so that the un- 
winding of 1 ft, of rope from one barrel winds up 5 ft. 
upon the other, wl vice versd, The pull of the 
engine upon the implement is received by these 
barrels alternately, and as the tension on the rope lead- 
ing from the pulling barrel is always five times as 
great as that on the following rope, the apparatus is 
enabled to adjust the length of the rope to the width of 
the field being seukal This will be more clearly 
understood if we suppose the anchor to be moved 
farther from the engine, as it would be by an increase 
in the width of the field. The effect of this would be, 
that a certain length of rope would be unwound from 
the following drum, and one-fifth of that quantit, 
would be wound up upon the drum receiving the sn | 
the implement being advanced through a distance corre- 
sponding to the length of rope thus wound up and this 
motion being in addition to that given by the engine. 
If the anchor is moved towards the engine by the 
narrowing of the field, the reverse operations of course 
take place, 

The slack gear is essential in order to maintain the 
rope clear of the ground, and it also gives to the rope a 
certain amount of elasticity, and enables the implement 
to better adapt itself to the irregularities of the field, 
At first, considerable trouble was caused by the rapid 
wear of the ropes, which were made of iron wire. 
They were found to only do about 200 acres before 
being worn out; the miles run being about 750, and 
the cost 1s. 7d. per mile. In 1857, ropes made of 
steel wire were introduced; the first used being, we 
believe, made in Birmingham by the late Mr. Webster. 
These were found to work admirably, the first rope 
running 1800 miles, and costing ls. per mile. At 
the present time, the improvements in the driving- 
gear and in the machinery employed for keeping the 
ropes tight, enable the steel ropes to be run on the 
average 9000 miles, the cost beimg 24d per mile. The 
rope generally employed is }4 in. indiameter, and weighs 
about 2 lb. per foot. Its cost is about 84/. for a length 
of 800 yards, and it will accomplish the cultivation of 
from 2000 to 4000 acres, according to the nature of 
the ground, and width of the implement employed. 

In the last system of steam-ploughing machiuery, in- 
troduced by Mr. Fowler, two small engines of 7 or § 
horse power, one traversing along each headland, are 
employed instead of the larger engine and movable 
anchor adopted in the plan last described. Two 
engines, placed one at each end of the furrows, and 
each alternately hauling the set of ploughs or cultiva- 
tors towards itself, were employed by both Mr. Howard 
and Mr. Fowler in 1863, the improvement, just alluded 





to, being that the engines are connected by au endless 








rope, attached to the implement, and passing round 
the clip drums of both engines, which haul upon it 
simultaneously. Each engine thus acts as an anchor 
for the opposite one, or, in other words, each engine 
alternately - directly upon the rope leading directly 
from the implement and upon the slack rope leading 
from the drum of the other engine. A pair of engines 
thus arranged were exhibited at the meeting of the 
Royal Agricultural Society, held at Newcastle in 1864. 
Each of the engines was of 7 horse power, had a single 
cylinder, and was fitted with locomotive action and 
steering gear. They ploughed at the rate of eight 
acres per day of ten hours, driving four furrows 6} in. 
deep at one time through a strong loam soil. Three 
men and two boys were engaged in attending to the 
apparatus and the consumption of fuel was 188 lb. per 
acre. Although the plan of using two small engines 
in place of one large one, involves a slight additional 
outlay, it possesses advantages which will no doubt 
lead to its adoption in many cases. The engines being 
smaller are better adapted for the general work of the 
farm and being lighter they can be moved about more 
readily. 
tension and they can thus be carried by a less number 
of rope porters. The cost of a 14 horse engine with 
the necessary anchor and cultivating machinery is a 
little less than 1000/., whilst that of the two 7 horse 
engines, with the accompanying implements is about 
1140/7, In the first case, two men and three boys, and 
in the latter, three men and two boys are required to 
attend to the machinery. 

In addition to the systems already described, we 
must mention those of Messrs. Howard, of Bedford. 
Some of their machinery is arranged on the principle 
of Mr. Smith, the ordinary portable engine used being 
placed in a corner of the held to be ploughed, or in an 
adjoining field or road, and connected with the wind- 
lass by an universal joint or leather driving band. The 
rope, after leaving the windlass, is led over guide 
pulleys, arranged in a manner resembling that first 
adopted by Mr, Fowler, and which has been already 
described, The advantages claimed for this system 
are, that it is cheap, and that the engine can be placed 
on any hard ground that may be available. aes. 
Howard also employ, as has been already stated, a 
pair of engines traversing the opposite headlands of 
the field to be ploughed, and hauling the implement 
backwards and forwards between them, The same 
firm has also introduced a new form of winding engine 
carried upon three wheels, and having the boiler placed 
across the frame, or at right angles to the wrote ,0Si- 
tion; and they claim for this engines several A a 
tages, one of the principal being that the water level in 
the boiler is hut little disturbed even when the engines 
are being worked up heavy inclines. 

Even now that steam cultivation has been so 
extensively adopted, it is difficult to make any satis- 
factory estimate of the cost incurred by the different 
systems, as compared with that of horse labour. The 
difference in the state of the land, the size of the fields, 
and the situations in which the machinery has to be 
placed, cause the cost of steam cultivation to vary 
from 2s, 6d. to 20s. per acre ; but there is now no doubt 
but that, except on those farms which are divided into 
a number of small fields, steam power can be applied 
with very economical results. The headlands are not 
ploughed, but the land thus left uncultivated does not 
amount to more than about half an acre in a 
field of 20 or 30 acres. A distance of from 300 to 
400 yards between the headlands is found to be the 
best adapted for the profitable working of the appara- 
tus. In addition to its reduced cost, steam cultivation 
has many other advantages, The hauling power which 
it is possible to apply to a plough worked by four 
horses, is not more at the utmost than about 70 db. per 
inch in width of the soil acted upon ; but with steam, a 
power of from 70 to 280 Ib. per inch in width can be 
applied, and as the implement is moved through the 
ground at a much greater speed, the land is much 
more thoroughly broken up. The hardening of the 
ground occasioned by the walking of the horses over 
it is also avoided, and the strain upon the implement 
is consequently less. The fear that the steam plough 
could not be used upon stony lands has proved to be 
groundless, the apparatus having been worked on a 
stony soil, where it had to tear up 20 tons of stone per 
acre, without receiving any material injury. Abroad 
as well as at home the steam plough has done good work, 
and in Egypt especially large numbers have been em- 
jloyed. We have, in the present notice, by no means ex- 
ate the subject of steam cultivation, there are many 
points connected with it which ought to be enlarged 
upon, and many details which remain to be described ; 
to these we must return upon some future occasion. 


Both lines of the rope are also in a state of 
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CURVILINEAR SLOTTING MACHINE. 


Tue accompanying illustrations, which have been prepared 
from drawings kindly furnished by Mr. F. W. Webb, represent a 
side elevation and plan of one of the curvilinear slotting machines, 
used, at the London and North-Western Railway Company’s 
Works, at Crewe, for shaping the inner side of the rims of 
wrought-iron engine wheels, The base of the machine consists 
of a bed plate, similar to that of a lathe, at one end of which is 
fixed the head carrying the driving gear, while the remainder 
forms a slide upon which a table supporting the wheel to be 
slotted can be traversed. ‘This table is double, the lower part 
being rectangular, and fitted to the bed of the machine, and the 
upper part circular, furnished with worm teeth round its cir- 
cumference, and capable of revolving on the lower portion. The 
wheel to be slotted is bolted down to this upper table in the 
manner shown by the side elevation, and a slow revolving 
motion is given to it by a worm gearing into the teeth around 
the circumference of the table. The cast-iron block interposed 
between the wheel and the table enables the height of the wheel 
to be adjusted, so that the centre of the rim is in a line with the 
centre of the shaft upon which the lever carrying the cutting 
tool vibrates; different blocks being used to suit the various 
thicknesses of wheel bosses. The blocks bave circular ledges 
formed on them, which enter the holes in the wheel bosses, and 
thus allow the wheels to be at once set, so that their centres 
coincide with that of the revolving table. The fixed head at 
one end of the bed plate carries a short shaft, to one end of 
which is keyed a wheel furnished with a crank pin adjustable 
in a slot on the face of the wheel, so that the stroke given to the 
cutting tool can be varied. This crank pin carries a brass block 
working in a slot in a bent lever, which vibrates on a short shaft 
also —— by the fixed head, and carries at its other end 
the tool holder. The crank wheel ; haft revolves in the direction 
of the arrow, and the tool has thus a slow downward and quick 
return movement given to it. At the outer end of the crank 
wheel shaft is keyed a spur wheel, furnished with a cam groove 
for working the feed motion of the revolving table, and driven 
2 pinion on the counter shaft carrying the fast and loose 
pulleys. 

The upper part of the tool holder forms a short shaft passing 
vertically through the end of the vibrating lever, and furnished 
at its upper end with a worm wheel. By means of a worm, 
gearing into this wheel and worked by hand, the tool can be 
made to revolve—the point describing un are of small radiuas— 
and it is thus enabled to cut out the curve which occurs at the 
junction of the rim and spokes of the engine wheel. The circular 
motion of the table, on which the work is fixed, is of course 
stopped while this operation is being performed. Besides being 











bolted down to the revolving table, the wheel which is bei®& 
slotted is supported under its rim by two pulleys carried by * 
slide, adjustable on the bed of the machine to suit wheels of 
various sizes. The whole machine, which was designed by Mr. 
F. W. Webb, is compact and well arranged, and seems capable of 
turning out excellent work. 





THE INSTITUTION OF CIVIL ENGINEERS. 


Tue catalogue of Honorary Members, Members, Asso- 
ciates and Graduates of the Institution of Civil Engineers, has 
just been issued, and in even better style than the last. For the 
first time, his Royal Highness, the Prince of Wales, appears as 
an Honorary Member, his election, by acclamation having 
taken place March 28, 1865. Among the Honorary Members, 
Sir David Brewster, and Baron Charles Dupin, both date their 
election from the year 1820, when Telford became President. 
There are in all twenty Honorary Members. Among the Mem- 
bers the name of James Ashwell still appears, the date of his 
election having been January 2nd, 1818, when the first meeting 
was held at the King’s Head Tavern, Cheapside. Besides the 
dates of election, those of transfers from Associate to Member- 
ships, are given for the first time. Few are perhaps aware that 
Sir William Armstrong only became a Member January 31st, 
1865, or less than a year ago. He had been an Associate for 
nearly sixteen years. Mr. John Brunton, and Mr. Alfred King, 
the latter of the Liverpool Gasworks, were on the contrary trans- 
ferred each from the rank of Associate to that of Member within 
about two months after their first election. Mr. G. C. Dobson, 
it appears, was elected an Associate on the thirty-fourth day of 
March, 1840, probably the longest March on record. Still the 
catalogue is remarkably free from typographical errors. How 
recently it has been corrected is shown by the absence of the 
name of Mr. Daglish, of Wigan, who died but a few days ago, 
although Mr. Dinnen, who was fatally injured a day or two 
afterwards, still appears as a Member. There are exactly 500 
Members upon the list, and 712 Associates, making with 20 
Honorary Members, and 7 Graduates, a total number of 1239 of 
all grades. 





Locomotives AND INcLINEs.—Mr. William Barningham, of 
the Albert Hill Ironworks, Durham, is, as we noticed last week, 
about to take up trains of coal, ironstone, and limestone, to the 
top of his blast furnaces, by locomotive power. He has already 
successfully tried the experiment of working a 20 ton locomotive 
up an incline of one in seven, as we learn from a correspondent 
at Darlington. The permanent incline will not be so steep. 
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Fauu or A Station Roor.—On Monday last an accident 
which unfortunately caused the death of two persons, and the 
more or less serious injury of twenty-nine others, occurred at 
the New London-road Station, Manchester. The station, which 
is jointly occupied by the London and North-Western, the 
Great Northern, and the Manchester and Sheffield Railway 
Companies, is covered by a roof consisting of two ‘arched spans 
of about 90 ft. each, this roof being divided lengthways into 
eight bays—six of them 78 ft., and the other two 88 ft. in 
length. The roof is carried upon twenty-seven cast-iron 
columns, 27 ft. high, disposed in rows, the central row of 
course bearing half the weight of each span. The accident is 
supposed to have been caused by the failure of the girder of 
88 ft. span, reaching from the second to the third column 
(counting from the southernmost end of the station). We are 
not at present. aware of the details of construction of the longi- 
tudinal girders, but particulars will no doubt be forthcoming at 
the inquest. The damage done by the fall of the roof is esti- 
mated at 6000/., and the railway traffic was of course much 
inconvenienced by the unfortunate occurrence. 

ProposeD EXTENSION OF IRONWORKS IN YORKSHIRE.— 
A recent examination of the dales on the south-western slope of 
the extensive moorland track north of Malton has shown the 
existence of ironstone to a great extent in both Belsdale, Brans- 
dale, and Farndale. Already on the Cleveland side of the moor 
hills, Keldale, Glazedale and Commondale have works begun, 
and Grosmont has been in action for some time. These places 
have facilities for obtaining coal, which the south-western vales 
have not—except an inferior coal locally found—and for this 
reason the Cleveland irorstone mines have got a considerable 
start. Rosedale is the only place where the mining has been 
carried on on the other side, but it is understood that not only 
mining but furnaces will be started so soon as railways can b 
made to bring coal te the dales, and to afford outlets for the pig 
iron. It is reported that parties interested in the development of 
this part of Yorkshire will seek to bring a railway down Belsdale 
from the Durham coal field, and to extend down Ryedale to 
Malton, there to reach existing lines, or a direct one to Hull, the 
port of shipment. 

CENTRIFUGAL Pumps oN SuipBoARD.—In the later vessels 
of the Peninsular and Oriental Company, fitted with engines by 
Messrs. Humphrys and Tennant, there are two centrifugal 
pumps, employed for circulating the water for the surface con- 
densers. Each pump has a 12 in. suction, which can be opened 
to the bilge, although ordinarily it draws from the sea. 

Tut Mittwati Docxs.—The new docks at Millwall are 
being carried out under the supervision of Mr. Fowler, assiste 
by Mr. Wilson of Victoria-street. Two years will be required 
to complete them, and their estimated cost is 650,000/. 
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PUBLISHER'S ANNOUNCEMENT. 


It is requested that any delay in the delivery of this journal 
toits subscribers who receive their papers direct from this 
Office may at once be made known. ’ 

The sixteen pages forming the reading matter of this 
journal will, in a short time, be printed upon heavier paper, 
giving more clearness to the type and woodcuts. y 

It is hoped that the correct title of this Journal will be given 
to it by its friends and corres, . The title isnot “ The” 
ENGINEERING, nor “ The ENGINEERING Journal,” but is 
comprised in one word only. It is the more desirable that this 
should be borne in mind, as the title may otherwise be confused 
with that of another Journal having a somewhat similar name. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

All letters connected with the business department of 
this paper to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, Londor, W.C, All 
other letters to be addressed, there, “‘ To the Editor.” 


Cheques and money orders to be made payable to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 

Jo sums of money are to be paid on account of ENGI- 
NEERING except to the written order of the Publisher, Mr. 
Charles Gilbert, no other person having any authority to 
make collections on account of the Proprietor. 


ENGINEERING is registered for transmission abroad. 


ANSWERS TO CORRESPONDENTS. 

J. W. J—Thanks, but we fear that degrees in engineering 
would not have any real value. 

J. M. (Glasgow).— We think that upon reflection you will 
understand the subject differently. We think your reason- 
ing fails at one point. 

J. T.—The London and North-Westerr Railway Company 
have many thousands of tons of Bessemer rails down on 
their line, and it is understood that the adhesion of the driv- 
ing wheels upon them is equal to that upon iron rails. 

As a rule, correspondents requesting editorial answers to ques- 
tions of interest only to themselves, must pardon the omission to 
answer them. The task of replying weekly to a great number of 
such queries would greatly interrupt the proper editorial 
management of any Journal. 
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UNDERGROUND RAILWAYS. 


THE pneumatic tube from Holborn to Euston-square 
cuts into the crown of the Metropolitan Railway 
tunnel. The Charing Cross and North Western line, 
authorised but not yet commenced, must go under the 
Metropolitan Railway, and it was originally intended 
by the engineers, Messrs. Ordish and Le Feuvre, that 
it should go 70 ft. below Oxford-street, and be driven 
from the ends in the manner of an ordinary railway 
tunnel. The passengers at the principal street cross- 
ings were to be lowered and landed by means of lifts. 

The South-Eastern Railway Company were to have 
been concerned in the Charing Cross and North-Western 
line, but we hear that a bill will be brought forward, 
this session, by which the London and North-Western 
Company are to virtually take the works into their 
own hands, and that powers will be sought to make 
the railway from the surface, keeping Tottenham-court- 
road in a state of barricade for perhaps a whole year. 
We believe that Mr. Hawkshaw’s opinion is wholly 
opposed to making lines deeply underground, and that 
his views have been adopted with respect to the 
line under notice. In any case, as the line will go 
under the present underground railway, at least one 
deep dive will be unavoidable, and we do not see how 
the rails can be much less than 40 ft. below the surface 
of the ground, at the crossing we have named. Then 
there is the Mid London scheme, which will involve 
another crossing, one line over the other. Indeed, if 
all the various lines now proposed are authorised, we 
shall have many such crossings, and the companies 
will have a contest as to which is to have the first stage 
down, and which the second or third. Some of the 
lines will need to go deep, aud they will thus require 
other means than stairs to allow their passengers to de- 





scend to, and to ascend from the trains. It is not unlikely 
that some mechanical lift will yet be adopted, and it is 
quite time that engineers were setting about the question 
of what it shall be. This once satisfactorily settled, the 
question will arise, why should not all the underground 
railways go deep down and be made in the ordinary 
manner of tunnels, thus avoiding the opening of the 
principal streets, and the necessity for the ugly and 
obstructive barricades of hoarding, stones, and earth, 
now so common in London? A system of lifts might 
be found to save much room at stations, and aged and 
infirm people would probably prefer them to long 
flights of stairs. We do not deny that there is much 
to be considered before such a scheme can be looked 
upon as practicable. Still, let our engineers see what 
they can make of it. Absolute safety is the first re- 

uisite, and then celerity of action, space, and com- 
ortable accommodation. Indeed the whole subject of 
lifts, whether for underground railways or for buildings 
generally, is one requiring much further consideration 
than it has yet received. Stairs are costly, they occupy 
much valuable room, they involve much bodily exer- 
tion in ascending and descending them, and they are 
not altogether free from danger to the persons using 
them. 








THE TRAMWAY SCHEME. 


Unt all London is paved with block paving, tram- 
ways will not be found admissible with due regard to 
the condition of the streets and to safety. Train’s 
three lines in Bayswater, Westminster, and Lambeth, 
were laid each in Macadam, and while the metalling 
might be two or three inches above the rails in one 

lace, it would be perhaps half a foot below them 
in others. His rail, too, was objectionable and caused 
trying jolts to vehicles crossing it obliquely. Yet the 
tramway, as that extraordinary person, George Francis 
Train, introduced. it here, was identical with the tram- 
ways so largely and so successfully employed for years 
past, in the principal American cities, and now em- 
mages at Birkenhead, and between Hanley and Burs- 
em in the Potteries. The Metropolitan Tramways 
Company are coming forward this session with a 
scheme for laying down tramways in various parts of 
London, and although their prospectus shows, in a 
lithographed section, a well paved roadway, their in- 
tended lines are over long stretches of Macadam roads, 
although no one can now say how soon it will be before 
block paving is put down upon all of these. The rail, 
too, instead of being the tram employed on Train’s 
lines, is to be an edge rail, very narrow, say 2 in., and 
the flanges of the wheels are to run in narrow grooves 
between the rails and the edges of the block paving. 

If, however, any company is allowed to carry tram- 
ways through London, it will be in the face of stron 
opposition. And yet we are not clear why they should 
be opposed. For a givett continuous trate they would 
require but one-half as many vehicles and horses in the 
streets as are now required with omnibuses. They 
would be far more comfortable for passengers, and 
equally as safe for pedestrians as the omnibuses, since 
the cars, carrying each 40 or 50 passengers, at 
eight miles an hour, can be stopped by a brake, always 
under the command of the driver, within a distance of 
ten feet, and even less in case of emergency. The 
streets in which they are now proposed are of good 
width, and double lines could be laid down, so as not 
to interfere greatly with the existing traffic. The 
tramway cars, much the same as the omnibuses, would 
need to have the right to the road. They cannot turn 
out, and any wilful obstruction of them in front, should 
be made punishable. The Bayswater and Kennington 
tramways were taken up because they were complained 
of as nuisances to carriages, and because one or two per- 
sons had been — upon them. As to the first reason, 
it can, we think, be to a great extent removed, by 
better construction, and by laying the lines only in 
block paving. As to mere interference with ordinary 
traffic, it would at least be as reasonable to put down 
Pickford’s vans as to refuse to admit tramway cars. 
As to accidents, about 250 deaths are caused yearly in 
London by the vehicles now in use, and the house 
surgeon of Middlesex hospital has written this week 
to the Times to say that for every case of fatal injury 
there are at least twenty who are more or less severely 
injured by ordinary vehicles in our streets. 

We believe that prejudice has much to do with the 
tramway scheme, and that the unpopularity which Mr. 
Train attracted to himself, has had much to do in 
creating this prejudice. Still, we shall not undertake 
to decide the question, which can only be settled by 
time, as to whether well-made tramways will answer in 
London. 





LOCOMOTIVE DESIGNS 

Many railway men and engineers will recollect the 
competition among continental locomotive makers, for 
the construction of the engines for working the Sem- 
mering incline of the Vienna and Trieste Railway. 
It is a pity, however, that some English publisher has 
not reproduced the excellent atlas of plates, which Mr. 
Engerth, the locomotive engineer of the line caused 
to be published in 1854. Many of these designs 
were not only remarkable, but were almost identical 
with the plans of*engines to which a great deal of 
interest has been but fately attracted. 

The Société Cockerill, of Seraing, Belgium, sent an 
engine, which we. believe was actually worked, and 
which was much the same as Mr. Fairlie’s, lately de- 
scribed in our columns, except that it drew a separate 
tender. It had a long double boiler, with two fire- 
boxes, two barrels, each with 170, tubes, and two 
chimnies, the whole being, however, a single structure, 
the two fireboxes being separated only by a water 
space. The steam room was unobstructed from one 
smokebox to the other, or for nearly 27 ft. As in 
Mr. Fairlie’s engine, the boiler was supported upon 
two bogies, each having four coupled whicels, worked, 
however, by inside cylinders. ‘These bogies took their 
steam from a flexible copper steampipe coming down on 
the outside of the boiler. The wheels were to be 3 ft. 
9 in. only in diameter, and the axles had only outside 
journals, The boiler had a carrying frame of its own, 
and the pivoting arrangements shown on. the plates 
now before us exhibit careful design: and we believe 
that even Mr. Fairlie, when he returns from Venezuela, 
may take a hint from them. The engine had a steam 
pump on one side of the firebox under the footplate, 
and a steam-brake eg wr Ha upon the other. We 
may just note that the boiler was of oval section, with 
transverse stay rods, although, as there was plenty ot 
room for a barrel of any size, the cylindrical form might 
just as well have been adopted. 

A firm at Wiener Neustadt, a few miles from 
Vienna, also made anengine. ‘This, too, had a pair of 
steam bogies, but there was only one locomotive 
boiler, much like the ordinary type; but. the barrel 
was oval, and the tubes were to S 23 ft. long. At 
any rate, they measure twenty-one Austrian feet on the 
scale before us. The firebox was to be 7 ft. long 
inside, and everything in proportion. The bogies had 
four wheels each, apparently 3 ft. 6in. in diameter, 
and having only outside journals to the axles. The 
cylinders, too, were outside, the respective pairs of 
cylinders facing each other, a little forward of the 
firebox. Each bogie had its wheels spaced rather more 
than 8 ft. 6 in. between centres, and had on each side an 
enormous equalising beam, large enough for a beam 
engine of moderate size, the fulcrum of this beam being 
adjusted upon a pair of stout springs below. ‘The 
pivoting arrangement could only be well described with 
the aid of drawings, but it was not at all complicated. 
The steam and exhaust pipes formed a large annular 
trunk under the boiler, and had branches with sliding 
stufling boxes to the four cylinders, each stufling hox 
working in an are described from the centre of the 
bogie to which the cylinder supplied through that 
stufling box belonged. From the drawings, the four 
cylinders appear to be each 12in. in diameter with 
2 ft. stroke. The engine had a large saddle tank for 
water, and had the link motion, steam pumps, &c. 

The prize engine was the Bavaria, made by Maffei, 
of Hirschau, near Munich, and designed, we believe, 
by Mr. Hall, a Newcastle man, who is now a maker of 
Bessemer steel at Gratz. This was an eight-wheel 
engine of great size, with a coupling chain from the 
trailing axle to the front axle of the tender, which had 
six coupled wheels. A pitch chain was employed, too, 
to connect the driving axle with the hind pair of the 
coupled wheels forming a bogie in front. But the 
Bavaria, although it won the first prize, did not answer, 
and was soon laid aside. Herr von Maffei appears to 
have revelled in all the-liberty of unfettered design, 
and the plates which Mr. Engerth devotes to his 
“ projects,” show a very great variety of schemes, more 
especially for coupling together a number of wheels, in 
successive groups or bogies. 

Herr Kirchweger proposed a large engine with much 
the same arrangement, for coupling the separate bogies, 
as that adopted in the “Steierdorf” engine, exhibited 
by the Austrian State Railway Company, in the Inter- 
national Exhibition of 1862. Cockerill) in addition to 
the engine built at Seraing, sent a design for another, 
with four outside cylinders working two bogies, only a 
single boiler being employed as in the Wiener Neustadt 
engine. 

Herr Tourasse sent a design for a heavy eight- 
coupled engine, with the driving axle through the 
firebox, and with several novelties in the mode of sus- 
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pending the engine upon the springs. Another 
design, by the same engineer, was for a twelve-wheel 
engine, upon two bogies of six wheels each, the bogies 
being geared much upon a plan once tested, in 1840 or 
thereabouts, by Mr. Baldwon, of Philadelphia, U.S. 

Herr Krauss proposed the middle rail, but the 
Government aad not sanction its adoption. The 
plates show that Herr Krauss was a careful designer 
and a practical man. His was a six-wheel engine, 
with a pair of 17 in. outside cylinders, and 12 in. 
inside cylinders, the latter to work the horizontal 
gripping wheels upon the middle rail. These grip- 
ping wheels, of which there were but two, one on 
each side, were pressed against the middle rail 
in proportion to the load upon the engine, the draw 
spring being connected by rods to bent levers, to the 
shorter ends of which the sliding boxes of the gripping 
wheels were hinged. But their grip was dependent upon 
the action of the outside cylinders and ordinary driving 
wheels of the engine, as if these did not work there 
might be no considerable strain on the draw spring to 
pull the gripping wheels tightly against the rail. 

Herr Kessler sent one or two schemes, which appear 
to have embodied no useful novelty. 

We have omitted Mr. Haswell’s engine, the Vindo- 
bona, constructed and worked on the Semmering. It 
was a very large eight-coupled engine, each driving 
wheel having six of Baillie’s volute springs as bearing 
springs, ‘The cylinders were outside, and slightly in- 
clined; and although the wheels were but about 3 ft. 
in diameter, the stroke was 2 ft., the crank pins coming 
within a few inches of the tyre. The boiler was of 
great size, oval in section, and appears to have con- 
tained 274 tubes. 

Amid all this diversity, Herr Engerth struck out a 
plan of his own, and John Cockerill made one, the pro- 
totype of the well-known Engerth engines, some of 
which, of extraordinary dimensions, have been employed 
in Franee. But they are now being hncminen by 
others, both on the Semmering and on the French rail- 
ways. ‘The Engerth engine is a combined engine and 
tender, and in the original, the four-wheel tender had 
one pair of wheels behind and one pair in front of the 
firebox, the six coupled wheels of the engine carrying 
the engine from the middle of its length to the smoke- 
box. Inthe larger Engerth engines on the French 
lines, the tender has its four wheels behind the firebox, 
with the eight coupled engine wheels in front ; but in 
all cases the tender frame reaches past the firebox, to 
a swivelling pin under the boiler, a just in front of the 
firebox. ‘The object of this is to allow the compound 
machine to pass more freely around curves. In one of 
the Semmering engines, weighed by M. Flachat, of 
Paris, we believe the weight on the hind pair of tender 
wheels was 18 tons, and upon the front pair of tender 
wheels only 4 or 5 tons. 

It is a curious fact that with the exception of the 
double steam bogie engine made at Seraing, not one of 
Herr Engerth’s plates shows a sandbox. In this one 
case, however, there was a sandbox on each barrel of the 
hoiler, each worked by a handle from the footplate, 
which was on one side of the firebox, as in Mr. 
Fairlie’s engine. There is far more in the use of sand 
than most locomotive engmeers unaccustomed to its 
use are disposed to admit. The Semmering incline is, 
for considerable distances, on a gradient of 1 in 40, 
The Baltimore and Ohio Railway (U.S.) planes 
comprise one of 11 miles, rising continuously at 
the rate of 1 in 454, or 116 ft. per mile, and, in all, 
thirty miles inclined from 1 in45$to lin $0. These 
inclines were opened for locomotives and passenger 
traflie in 1852, and the Austrian Government sent 
«a commission of engineers to examine them before 
authorising the line over the Semmering. Yet, 
of course with the aid of sand, these gradients are 
worked regularly summer and winter, by ordinary 
engines, of but 25 tons weight, drawing eight loaded 
goods wagons, each on eight wheels, and weighing 112 
tons, besides their own weight and that of the tender. 
The engines are eight coupled, merely to keep down 
the weights to a maximum of 34 tons on each wheel, 
The wheel base is but 1] ft. 3in.; all the wheels, 
3 ft. 7 in. in diameter, being between the firebox and 
the smokebox The writer is personally familiar 
with the construction and working of the Baltimore 
and Ohio eng , and ventures to say as much, merely 
in order that it may not be supposed tha 
piled his notes of them from unauthentic sources. The 
25-ton engines have taken loads of 18 wagons, weigh- 
ing 225 tons in all, over the eleven-mile gradient of 
1 in 454. It is only of course, by the use of sand tha 
the requisite adhesion is kept up in all weathers. 

According to Mr. Flachet, the Semmering incline, 
after all the ingenious engines designed for it, is found to 
be best worked by locomotives of ordinary construction. 
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THE LOCKE STATUE. 


GoveRNMENT would not permit the Institution of 
Civil Engineers to set up Baron Marochetti’s statue of 
the late Mr. Joseph Locke, C.E., in St. Margaret’s 
Gardens, Westminster. The Institution, unfortunately, 
possesses no ground of its own for the purpose, and so 
the statue had to go down to a Yorkshire market town, 
Barnsley, where it was formally unveiled on Thursday 
week. Barnsley was not Mr. Locke’s birthplace, but he 
received his education there, and he often visited the 
town in later life. The Locke Park, presented by Mrs. 
Locke at a total cost of nearly 7000/., together with 
school endowments of 30002. more, are enough to iden- 
tify Mr. Locke’s name with Barnsley for all time, and 
it is not, after all, to be regretted that the statue of the 
benefactor should be reared among those who have so 
much reason to honour him. Yet this is no excuse 
why there should not have been set up a like statue in 
London, so long as the great professional body over 
which Mr. Locke had so well presided had expressed 
their wish to this effect. 

Greatness is so differently understood, that it may not 
be admitted by all that Mr. Locke was a great man. 
He was unquestionably eminent for his perseverance, 
integrity, and skill; and he possessed strong common 
sense, which he exerted in many ways to good pur- 
pose. His engineering practice differed from that of 
Stephenson and Brunel, and although his designs were 
not magnificent, nor even really original, except in 
their severity of simplicity, and in economy, they were 
at least successful. Mr. Locke was long regarded as 
a commercial engineer—one who planned his works 
with a careful regard to their cost and their fitness to 
attain given pecuniary results, He did not introduce 
us to new principles, although he was no doubt the 
first to employ the double-headed rail, and he had suf- 
ficient confidence in himself to adopt steep gradients 
and sharp curves, where the Stephensons would have 
spent large sums in earthworks and masonry to avoid 
om. It may have been upon a somewhat strict esti- 
mate of his professional pet that Government 
refused to acknowledge his claims to that degree of 
eminence which would entitle his statue to a public site 
in Westminster. 

However this may have been, it was pleasant to hear 
the long and hard working and successful engineer so 
well spoken of at Barnsley. Lord Alfred Paget was 
not, possibly, the fittest person to unveil the statue of 
Joseph Locke, but his lordship nevertheless spoke Sen- 
sibly and in good taste, He briefly sketched the life 
of Locke from the time when, already trained as a sur- 
veyor, he served under George Stephenson, and advo- 
cated, in conjunction with Robert Stephenson, the 
superiority of locomotive over fixed engines. Locke 
was not a man to remain long under control, and he 
struck out early for himself, taking the Grand Junction 
line into his own hands. This succeeded so well that 
he was immediately entrusted with the London and 
South Western line, and soon afterwards with further 
railways in the North. In 1838, on the invitation of 
M. Charles Lafitte, and having with him Messrs. 
Brassey and Mackenzie as contractors, he undertook 
the several lines between Paris, Rouen, Dieppe, Havre, 
and Cherbourg, which now form the Western Railway 
of France. Mr, Locke was unquestionably the first 
engineer to give an impulse to the construction of 
railways in France, and both Louis Philippe and the 
present Emperor recognised his services ty creating 
him successively a Chevalier and an officer of the Legion 
of Honour. His later practice was, of course, less 
active, but it was always controlled by strong and 
sound sense, and was such as to strengthen the general 
respect for our profession. Mr. Locke’s whole career 
afforded an example of the truth of Lord Brougham’s 
remark that “the success of mediocrity, both in public 
“ and in private life, affords a valuable lesson to the 
“ world—a lesson the more extensively useful because 
“the example is calculated to operate upon a far 
“more enlarged scale than the feats of rare endow- 
“ments.” We adopt the term “ mediocrity” in no un- 
cenerous sense, but because the world cannot, in this 
case, justly accord the admiration due to a mind of 
great and original genius, although Mr. Locke was 
unquestionably a useful man, who did well whatever 
he took in hand, and thereby benefited his fellow men 
and earned the approval of posterity. 


Tue Mont Cents Tonnet-It is stated by Mr. H. Hos- 
kings in a communication from Pico Mulera, Italy, dated 
January 4th, that: “The mortality amongst the workmen em- 
ployed in the Mont Cenis tunnel is so great, in consequence of 
powder smoke and bad ventilation, that. they have refused to 
work apy more. The work is now at a standstill.” 
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The Atlantic Telegraph. By W.H. Russett, LL.D. Ilus- 
trated by Robert Dudley. Dedicated, by Special Permis- 
sion, to His Royal Highness Albert Edward, Prince of 
Wales. London: Day and Son. 1865, 


Atrnoven this:is a work de lure, it possesses a 
value to the engineer and the man of science, and, we 
may add, the capitalist. The splendour of its chromo- 
lithography is well supported by Mr. Russell’s (we 
prefer Mister in this case to Doctor) clear and sound 
as well as interesting text. There is a very complete 
and cosmopoi tan history of electric telegraphs, in 
which Spain, Russia, France, and America, as well as 
England, receive each an allowance of credit for its 
invention. As for transmitting messages under water, 
it appears that Sir W. O’Shaughnessy “ produced 
electrical phenomena” across the river Hooghly by 
means of an insulated wire as early as 1839, and Pro- 
fessor Morse did the same at New York in 1842. Mr. 
Russell, in his notes of the earlier cables, does not, 
however, mention that put down in 1848 by Mr. Wil- 
liam Reid under the docks at Hull. So far as appears 
this was the first subaqueous cable ever cubed com- 
mercially. 

In his historical sketch of the formation of the 
Atlantic Telegraph Company, Mr. Russell does full 
justice to the exertions of Mr, Cyrus W. Field, of 
New York, who was unquestionably the projector of 
and moving spirit in the whole undertaking. Mr. 
Russell gives a circumstantial statement of Mr. Field’s 
labours, which we are pleased to see so authoritatively 
placed upon record. 

The construction of the first cable, and the memor- 
able expedition of 1858, are described in minute detail, 
and illustrated with a profusion of tinted lithograph 
plates, which bring every scene of interest, almost with 
the reality of nature itself, before the eye of the reader. 
Not less complete is the history of the second attempt 
of 1864-65. The construction and electrical qualities 
of the cable, its shipment on board the Great Kastern, 
and the paying out machinery, are minutely described. 
We ai have wished, however, that the author and 
the publishers had not deemed a working drawing of 
the paying out, and especially the hauling in machinery, 
a disfigurement to so splendid a volume. Such a 
drawing might have been coloured and shaded to any 
extent to propitiate the general reader, while it would 
have been of special interest and value to the engincer. 
In the meantime, however, Mr. Dudley has done his 
very best with a perspective view of the drum and 
brake apparatus as it stood on the Great Eastern’s 
deck. We shall not repeat here, from Mr. Russell’s 
book, the details of the preparations made, as those who 
are really and responsibly interested in such matters 
have long since made themselves familiar with them, 
and as for others we must refer them to the volume 
itself. 

The whole history of the final loss of the cable is 
given clearly, and in words which will enable any one 
to understand the cause. The Great Eastern was 
slowly picking up the cable to find out a fault, but the 
motion was so » he that there was not sufficient way 
on the ship to give her steerage, and thus to keep her 
head up to the cable. The latter had already been 
chafing, when a shackle, chain and rope were lowered, 
so as to take it in a bight, to get it round into the 
course into which it ought to come inboard. But 
while it was thus coming in, either a heave of the ship, 
or the jamming of the shackle, caused the latter to 
mount obliquely upon the flange of the V wheel, or 
bow sheave, and as the shackle and Cable went 
together over this flange, they dropped with a crash 
upon the axis of the sheave, the dynamometer suddenly 
jumped above 60 ewts., the highest point indicated, 
the cable parted like a thread, and the outer end shot 
down a away under the waves for ever. Faulty 
hauling-in gear—gear which it was hoped would never 
have been needed—was the sole cause of the loss of 
the cable. Had this gear been such that, no matter 
how much the ship might have headed across the 
course of the cable, it could not have brought upon it 
a strain of more than three or four tons, we may believe 
that we should now be in electrical communication 
with America. 

Were we writing for the non-professional reader, 
we might dilate upon the reason why the next cable 
ought to succeed perfectly, so far as its submersion and 
connexion at the shore ends are concerned, but 
engineers are well agreed that there can be no real 
difficulty inthe way. The disaster on board the Great 
Eastern, although, unhappily, it was not prevented, 
was wholly preventible, and would not occur on a 
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future occasion. But, as we are confining ourselves to 
Mr. Russell’s book, we shall only refer to pages 102 
and 103 for the reason why the next attempt to 
establish electrical communication under the Atlantic 
may reasonably be expected to be successful. 





Modern Marine Engineering applied to Paddle and Screw 
Propulsion. Illustrated with Thirty correctly coloured 
Plates and numerous clear Woodcuts, By N. P, Bureau, 
Engineer. London: Spon, 1865, 


Mr. Buren is a prolific author, and is, we believe, 
one of the leading writers upon the staff of a contem- 
porary journal devoted to engineering matters. The 
present work is to be completed in fifteen numbers, of 
which the first is before us. We confess ourselves 
unable justly to review even this first instalment. It is 
written in the best style of Artemus Ward, and it will 
he only necessary to give a few extracts, verbatim et 
literatim, which, we prefer, should stand by themselves, 
without comment, much less criticism. We begin with 
the beginning. 

“The adoption of steam as a means of navigation was un- 
doubtedly a great advance over that of manual and wind power ; 
the former (Qy. Steam ?) is weak, while the latter is capricious. 
Marine engineering of the present day may be said to embrace 
many branches. For the present purpose, that portion applying 
to paddle and screw propulsion will only be dealt with. Much 
has been written on this subject ; volumes of historical facts 
have been published. The names of Farey, Tredgold, Bourne, 
and others, have almost become household words in allusion to 
the history of the steam engine. The leading periodicals too 
have not been free from the contagion of relating past events. In 
such works as these can be found every requisition to satisfy the 
most vigorous, lusting after chronological events of steam as a 
motive power.” 


We pass further on : 

“Tt is found in every day life, that every portion of our 
existence has a motive; in like manner, each scheme or inven- 
tion has its advantage. The mechanical portion of the profes- 
sion is daily on the increase; the engineer and naval architect 
that were once learned in stone and wood, bend with grace to 
the iron age of truth.” 

The first number naturally unfolds the author’s 
intentions. Here they are : 

“ The intention of the work now before the profession, in par- 
ticuiar, is, to impart information of practical utility. Each 
portion of the most important arrangements will be carefully ex- 
plained and illustrated. The locality of the cylinders for certain 
purposes will be liberally treated. The best arrangements will 
be fully described in toto. Allusion in detail will be made to 
the many systems and arrangements for condensation. The 
various slide valves will be fully explained, and the value of ex- 
pansion made clear. The action of the slide valve and the link 
motion will be analysed without exception,” &c., &e. 

The following is from page 3: 

“ Amongst other scientific eruptions, pumps were proposed, 
also windmill action applied to hydraulics was sworn to be the 
greatest attainment, if not the only correct mode. .... Ab 
initio, and for a considerable period after, the sages of the age 
were stricken with the belief that the paddle wheel, or at least 
a similar principle, must be the correct, if not the most perfect 
mode of propulsion.” 

Here is a bit: page 5. 

“ The double cylinder type cannot be termed economical either 
for cost or space occupied; but the mode of imparting the 
desired action is not unworthy of comment, ad valorem, of the 
arrangement, per se. Overhead motion for paddle engines is not 
much adopted in England in the present day. Our transatlantic 
fast cousins, however, still adhere to the arrangement of the 
beam being situated above the crank shaft. For smooth water 
and flat bottom vessels there is not much objection to this 
arrangement, i.e. as far as power is concerned, but for correct 
locality of detail, doubtless to be merciful is to be silent. In 
the review, now given, it must be strictly understood that 
strict chronology of diversity of arrangement is‘ not adhered to, 
but merely a notice of those types which have been in actual 
practice, and thus proved their worthiness of design, Locality 
of detail is a matter of the greatest consideration, and the parties 
who least consider natural laws, are those ignorant of the same.” 

We are not half through. This is from page 16: 

“Many ideas have been promulgated as to the better or cor- 
rect proportions for a cylinder, One party will endorse the 
assumption that the speed of the piston remains the same in 
power, independently of the number of the revolutions of the 
crank; maintaining, also, that a long stroke is more economical 
than a short alternate action. The second theory held forth by 


the opposite devotees to science is, that speed is the generator of 


power, and that 1000 feet per minute is more economical than 
200. The latter number was determined on as the maximum 
by our forefathers, At the present day, however, practice has 
dispelled all doubts as to the fallacy of the lesser numerical 
exemplification of timidity and ignorance. Now in order to 
offer an opinion as to the most economical speed of the piston, 
the effect of the steam under certain causes must be duly con- 
sidered. Steam raised to a low pressure is undoubtedly more 
dense, and therefore less elastic than when in a higher state of 
compression. Much has been said in relation to the friction of 
Steam, but to the presen’ vhere are divided opinions on the 
subject. In all matters relating to science, an appeal to natural 
laws will always ensure an eradication of superficial suppo- 
sitions.” 

Aud this from page 18: 


“Indeed the cause for the recognition of some promulgations 





is, that, in allusion to the originators, the phrase of su’um cui’guer 
shall be in full force.” 

We really do not know where to stop. We have 
found original truths and gems of thought in every 
page, indeed, in every eight or ten lines. We can 
hardly exhaust the momentum for quotation which we 
have acquired, otherwise than by shunting into another 
work of Mr. Burgh’s (“A Pocket Book of Practical 
* Rules,” &c. Messrs. Spon. 1864), and there we 
find the following admirable remarks. Do you doubt 
us, reader? Then pray send to Messrs, Spon for the 
book itself, and look on page 28 : 

“ ConnectinG Rop.—This rod is of cast iron, ornamental in 
design. Makers of beam engines generally, rely on this detail, 
as ladies do on their bonnets, viz., for the useful and ornamental 
conclusion ot the paraphernalia of the whole in which both 
parties delight to indulge !” 

There! We shall watch with much interest the 
appearance of the further numbers of Mr. Burgh’s 
important work, enriched, as they promise to be, with 
such a profusion of bad English and dog Latin. 








Tables, for Workmen’s Wages; containing upwards of 7,000 
calculations ; carefully corrected and simply arranged for 
the use of Masters, Workmen, and others. By Henry 
Laxton, C.E., Architect and Surveyor. Published by 
the Author. 1865. 

TuEsE are twelve small quarto pages of well arranged 
and very clearly printed tables of wages, at rates of 
from one farthing to ten shillings per day, and with 
weekly and hourly rates within all probable limits of 
such computations. We have checked several of these 
taken at random, and have found them accurate, 








THE LOCKE MEMORIAL. 


Tue following are Lord Alfred Paget’s and Mr. John Fowler's 
speeches at the unveiling of the Locke Statue, at Barnsley, on 
the 18th inst. 

Lord Alfred Paget, as Chairman of the Memorial Com- 
mittee, addressed the assembly as follows:— 

Gentlemen, it is not without considerable hesitation that I 
have consented to take an active part in the proceedings of 
this day. I had hoped that some celebrity in the scientific or 
political world would have performed the duty which appears 
to have devolved upon me, in the capacity of chairman of the 
committee of the friends of the late Mr. Locke, who had com- 
bined to raise this not unworthy tribute to his memory, I 
was, however, easily persuaded, as I entertained a personal 
regard for our late friend, and having the good fortune to be 
thrown much into his society, I fully appreciate the good 
qualities he possessed. No task could therefore be more agree- 
able to me than aiding in paying a public tribute of respect 
to his memory in this locality, whence he sprung—where he 
was so well esteemed, and is now so deservedly regretted—and 
where, also, the joint names of Mr. and Mrs. lois will be long 
gratefully remembered, for their judicious and munificent 
endowments of your public charities. The public ‘career of 
Joseph Locke is before the world in the great works of public 
utility projected and accomplished by him. We may, however, 
be permitted to cast a retrospective glance tothe antecedents of 
the well-known public man, and in this case we shall find that 
in his father he had before him a model upon which he properly 
and sensibly formed his own character ; for it is clear that the 
father and son were equally remarkable for energy and stedfast- 
ness of mind, combined with economy and sagacity in worldly 
affairs. Joseph Locke was born at Attercliffe Common, not 
far from hence, in the year 1805, and at a very early age came 
with his family to Barnsley, where he enjoyed the advantage of 
the tuition of the Grammar School. But in these days the 
period devoted to education was not long, and he was soon sent 
to learn the profession of surveying at Pelaw, and afterwards 
at Rochdale, and was then engaged in assisting his father, In 
the year 1823, by a fortunate combination of circumstances, the 
attention of the late Mr. George Stephenson was directed to 
the son of his old fellow-workman, and young Joseph Locke 
was admitted into the engine-works at Newcastle-upon-Tyne, 
To a hard-working and studious youth, the opportunity thus 
afforded of participating in the great and novel works of the day, 
and in company with such amanas George Stephenson, was not 
to be neglected. Self-help was all he had to rely upon, for in 
those days there existed but little of the ideas so readily found 
at the present time. He shaped out his own course, and the 
energy of his character led him on to fame and fortune. 
Joseph Locke, already an accomplished surveyor and an active 
colleague of Robert Stephenson in asserting the superiority 


of the locomotive over the proposed stationary sys- 
tem of traction, was soon permitted to take his own 
course; and in 1835 he constructed the Grand Junction 
Railway, which by its great commercial success first 


strongly attracted the attention of capitalists to railways as a 
highly profitable kind of investment. ‘The career of Locke thus 
auspiciously opened, soon became one of incessant occupation, as 
mercantile men and the bond fide shareholders demonstrated 
their confidence in him, by subscribing largely to the lines on 
which he was engaged, The South-Western, the Sheffield and 
Manchester, and then the Scottish lines uniting the two capitals, 
London and Edinburgh, were commenced and successfully carried 
out. In 1837 he began the railways north of the ‘I'weed, and 
thus were forced upon him works of greater magnitude than he 
would otherwise willingly have undertaken, for the great charac- 
teristic of his engineering mind was to avoid all works, however 
interesting, which were not strictly essential to the welfare of 
the undertaking. In these connecting links between north and 





south, the features of the intervening country forced upon him 
the construction of steeper gradients, which he henceforth 
adopted. In 1838, at the instigation of M. Lafitte, he turned 
his attention to the construction of railways in France, and with 
Messrs. McKenzie and Brassey as the contractors, he succes- 
sively executed the Paris and Rouen, the Rouen and Havre, 
the Rouen and Dieppe, and the Cherbourg Railways —as 
well as co-operating in other lines, and giving the ingetes 
to the introduction of the railway system into France, These 
services were recognised by Louis eg 1 and by the present 
Emperor, when they successively created Mr. Locke a Chevalier 
and Officer of the Legion of Honour. About the year 1849 he 
became the representative in Parliament for the borough of 
Honiton, for which he sat for thirteen years, and enjoyed the 
full confidence of his constituents. We have not to deal with 
Joseph Locke as a politician or a legislator, or I might be tempted 
to enlarge upon the consistent support which he gave to the 
free trade movement, his sensible opposition to the Sunday Bill, 
and the pertinacity with which he urged upon the House the 
importance of obtaining full and careful estimates for the Public 
Works which were sought to be authorised. The time must 
arrive when the strongest mind and the most active frame require 
repose, and Mr. Locke gradually relaxed his business and parlia- 
mentary avocations, still, however, continuing to be the valued 
adviser of certain railway companies; whilst at other times he 
appeared at the annual public meetings as a severe critic of their 
roceedings when their policy was not identified with his views. 
ite interested himself in several useful charities, and devoted to 
the Institution of Civil Engineers even more attention than he 
had previously done, probably with an inward feeling that in the 
removal of Cubitt, Rendle, Brunel, and Stephenson, it was in- 
cumbent upon him to watch over that Institution which had 
been their constant care. His address from the presidential 
chair should be in the hands of every young engineer. Gradually, 
however, he withdrew more from _— life, and devoted him- 
self to country occupations and field sports, which on the Scot- 
tish moors he highly enjoyed. You, men of Barnsley, always 
occupied much of his thoughts, and when he visited this 
place you gave him a most cordial welcome, listened to his 
advice and pleasant jokes, expressed to him the wants of your 
town, and in all ways treated him as a trusted friend and coun- 
sellor, and right well he merited your confidence. He went 
home fully imbued with the feeling of what should be done for 
the benefit of your town, and Mrs. Locke has religiously carried 
out his views: you know how thoroughly she has acted in accord- 
ance with those views in the free gift of this ground, the Locke 
Park, with an endowment for its maintenance, a most liberal 
endowment for the Grammar School—whence he derived the 
rudiments of education—a munificent gift to the Roman Catholic 
Schools, and other well-considered and well-bestowed charities. 
These all attest the kind intentions of Joseph Locke, and the 
noble manner in which that excellent lady, Mrs. Locke, has 
carried them out. My mission must end with the expression of 
regret we all feel at the too early removal of the last of the trio 
of Brunel, Stephenson, and Locke, all men who had done and 
were still laloclated to do good service for theircountry. Allow 
me, in conclusion, to congratulate you on the auspicious in- 
auguration of this noble monument to the memory of your 
distinguished townsman in the centre of this beautiful park, and 
in the sight of your children who may be taught by it lessons of 
energy, self-reliance, and public usefulness—and to express my 
admiration of this fine work of art by Baron Marochetti, which 
we now entrust, with confidence, to your safe keeping. His 
lordship concluded amidst loud and protracted cheering. 

To a resolution thanking the donors for the statue, Mr. John 
Fowler, President of the Institution of Civil Engineers, 
said; 

Gentlemen,—On behalf of the donors who have presented the 
statue to the town of Barnsley, permit me to thank the inhabi- 
tants for the resolution which has just been read, and at the 
same time to assure them that, in the opinion of the friends of 
the late Mr. Locke, the statue has now been placed in its best 
and most appropriate position, Such a memorial of such a man 
can scarcely fail to exercise a beneficial influence on the future 
career of many young men of this busy district, besides being in 
itself an ornament to the town. The admirable address which 
we have heard from Lord Alfred Paget, has left little to be 
added by those who follow him. Personally I esteem it a great 
privilege to be present at the interesting proceedings of this 
day; and I am sure it must be a subject of peculiar gmenton 
to the friends of the late Mr. Locke, as it is to myself, that one 
who knew him so well and valued him so highly, and who is 
himself so much respected by the engineering profession, as Lord 
Alfred Paget, should have consented to take such vivid personal 
interest in the realisation of this record of our late friend, 
and also in taking the chief part this day in the inaugu- 
ration of the “Locke Memorial.” I can assure the in- 
habitants of Barnsley, and the numerous friends and 
admirers of Mr. Locke now assembled here, that the 
members of the Institution of Civil Engineers of Eng- 
land, of which I have now the honour to be President, take a 
deep interest in these proceedings, and that they sympathise 
cordially in the respect thus rendered to the memory of a man 
whom they will leng remember as one of their most distinguished 
and useful Presidents. The world justly thinks that the days of 
Stephenson, Brunel, and Locke were “‘ days of the giants” of the 
engineering profession ; and, gentlemen, allow me to say that we, 
in the present day, entirely agree with the world at large in that 
opinion. Locke was truly one of those giants. His far-seeing 
and strong common sense, his comprehensive grasp of all the 
bearings of a question were so powerful, that the capitalists of 
Lancashire, of London, and ultimately of France and the conti- 
nent of Europe, placed faith in hts judgment, and then followed 
him with such confidence as to entrust almost unlimited capital 
to his disposal in every undertaking in which he engaged. In 
France he was the pioneer of the railway system of that country, 
und had the good fortune to be accompanied and seconded by 
Mr. Brassey, whom we are all delighted to see present with us 
this day. What more fitting representatives of Englishmen 
could be found than the prudent but energetic Locke, and the 
modest but lion-hearted Brassey ? What indeed but a lion heart 
enabled Brassey to meet the great catastrophe of the fall of the 
Barentin Viaduct ?—an accident, a pure accident, for which he 
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THE NORTH-LONDON RAILWAY CARRIAGES. 

















was neither legally nor morally responsible. ‘“ Well, Brassey, 
“what is to be done?” says Locke. ‘ Why, my dear Locke, of 
“course I must build it up again ;” and build it up again he did. 
Those were the, true kind of men, gentlemen, to be the pioneers 
of « new enterprise, and to impart confidence in Englishmen 
amongst foreigners. But, gentlemen, let it not be supposed that 
Locke was merely a commercial engineer. I believe that to 
some extent injustice has been done to his memory by those who 
did not know him well, arising no doubt from the prominent 
development of the common sense and commercial element in 
his character. Locke was, however, an eminently scientific 
engineer, and it is to his scientific knowledge we owe some of the 
most important discoveries and oe ne ye in our railway 
system. He it was who first abandoned the use of the fish- 
bellied rail and adopted the XZ form of rail, and he was 
enabled to do this entirely from his scientific knowledge 
of the true value of what engineers call “continuity.” He 
it was who, in conjunction with Robert Stephenson, com- 
bated the advocates of fixed steam engines as a means of 
obtaining locomotive power, and by their thorough know- 
ledge of the locomotive engine and its capabilities, obtained 
the, victory in the contest, He it was who, by the con- 
fidence which perfect knowledge of the subject gave him, first 
advocated the lines over the mountain ranges between Lancaster 
and Carlisle, and between Carlisle and the north, by which 
means long tunnels at a ruinous cost were avoided, but at the 
same time obtaining perfectly good working lines, and tho- 
roughly adapted to the nature and extent of the trattic required 
to be passed over them. At that time no engineer but Locke 
would have dared to make the proposals for such lines, and cer- 
tainly no other engineer would have been followed and supported 
in them by adequate capital; and yet we all now know and 
acknowledge his views on this question to have been sound, not- 
withstanding the vehement opposition which they encountered 
at the time. What but scientific knowledge could have enabled 
Locke to arrive at such admirable conclusions? because, at that 
time, there was little or no experience to guide him upon such 
— Many similar instances could easily be given, but 
they would not here be in place, and I have only enumerated 
one or two prominent cases to correct the erroneous impression 
which has appeared to exist in some few minds, that Lucke was 
not eminently a scientific engineer. Will you permit me, in 
order to illustrate one of the characteristic traits of our departed 
friend, to refer to the kindly feeling, and almost, I may say, 
affection, which many of us have so often witnessed between 
himself and Robert Stephenson when they met? They were, as 
is well known, frequently professional rivals, but always attached 
friends; and no one, who had the privilege to hear it, will ever 
forget the alternate ** Robert” and * Joe” of their familiar social 
intercourse in their late years, as in the old days long gone by. 
In conclusion, gentlemen, permit ine to say, that from the career 
of the late Mr. Locke we may draw riany useful lessons; and 
I hope, as a Yorkshireman myself, his example and success will 
stimulate other young men of Yorkshire to similar efforts for 
the good of mankind, and for their own reward. Amongst Civil 
Engineers, and in the annals of the Institution, the name of 
Locke will ever occupy a distinguished position, and I believe 
the record of this day's proceedings will be memorable as long as 
a great and useful man continues to be appreciated by England 
and Englishmen. 


SreerinG Gear.—The Simoom, screw troop ship is the first» 
we believe, in the Navy, which has been fitted with the steering 
gear common on the Clyde steamers, ‘The steering wheel is 
between the funnel and foremast, and acts upon the rudder 
through a worm and worm wheel, and a pitch chain. 





Merrorouiran Raitway Scuemes.—The report of Mr. 
Bazalgette, the engineer of the Metropolitan Board of Works, 
states that Parliament had within the last two years, sanctioned 
34 railway bills, proposing to construct 165 miles of railway, at 
an expenditure of about 15,500,000, with borrowing powers 
for an additional sum of 5,750,0002. It might have been sup- 
posed that the ground was pretty well filled up, and the metro- 
politan railway requirements satisfied for the present. They 
were hardly prepared for an addition of 40 new bills this session, 
contemplating the formation of an additional length of 104 
miles of railway within the metropolitan area, at a further ex- 
penditure of 19,000,0002 more. ‘The effect of all metropolitan 
railways and street improvements was the destruction of large 
masses of houses, the occupants of which were driven towards 
the suburbs, and the area of London was thereby extended. 
Much temporary inconvenience was caused by this process, but 
its ultimate effect would be beneficial, if a free communication 
between all parts of London was provided for all classes of the 
population. The railway bills of the years 1865-6 include 
within their limits of deviation about 15,000 houses. Assuming 
that one-half of that number of houses be destroyed, this would 
amount to one-sixteenth part of all the houses in London, and 
the occupants of these must find homes nearer to the suburbs, 
and would require ready means of access to the centre. Many 
of this year’s projects are competing lines, several having the 
same objects in view, from among which Parliament would 
select the best and the others would probably be rejected. As 
usual the metropolitan sewers must be cut in pieces by the 
underground railways and pneumatic tubes, and public roads 
and streets were to be raised or depressed somewhat 
abruptly. The schemes proposed might be enumerated as fol- 
lows: A tunnel under the river Thames for carriage and foot 
passengers was proposed from Deptford to the Isle of Dogs, and 
a railway tunnel just below London-bridge for connecting the 
city and southern railways. Two railway bridges over the Thames 
just below Putney-bridge, and one just above it, and close to 
the Chelsea Waterworks aqueduct; also two others between 
Putney and Barnes, making five new bridges, in addition to the 
two existing bridges over the Thames within a distance of a 
mile and a half. Four lines of railway were projected to Barnet, 
three to Alexandra-park, three to Richmond, four to Croydon, 
and two to Clapham. Three lines were to traverse London from 
east to west; one on the north, one through the centre, taking 
the line of Oxford-street from Notting-hill to Smithtield, and 
one on the south. 

Mr. Witson’s Furnaces.—Some months ago Mr. E. B. 
Wilson, formerly of Leeds, and at one time widely known as a 
locomotive maker, had one of his patent down-draught furnaces 
at work at Messrs. Morland’s, in Old-street, St. Luke’s, as also 
at Messrs. De Bergue’s, Manchester. The Leeds Mercury, of 
Saturday last, gives a lengthy account of the working of these 
furnaces at Messrs. Dawes’ ironworks at Milton, near Barnsley. 
Three or four are being worked there for puddling, and the local 
reporter dwells in strong terms upon the advantages gained in 
absence of smoke and the saving of fuel. He represents Messrs. 
Dawes’ estimate of this saving as from 40 to 50 per cent. ! 

Surrack ConpENsers.—Mr. Henry Cochrane, of Ormesby, 
has applied a surface condenser of a simple and effective kind to 
an engine at the Ormesby furnaces. It consists of two annular 
cast-iron pipes, the outer one about 3 ft. Gin. in diameter and 
12 ft. high, with a‘steam-tight annular space, perhaps an inch in 
width, between the two pipes. Water trickles upon the outside, 
and a free current of air plays through the inner pi It is 
almost exactly like the gas condensers employed at the King’s 
Cross station of the Imperial Gas Company, London, and is 
found to work well. We are inclined to think, however, that it 
will yet fail by cracking. 
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CLOSE COUPLED RAILWAY CARRIAGES. 


Tue great increase which has of late years taken place in the 
passenger traffic in the local metropolitan railways, ie in most 
cases rendered it neccessary that the trains should not only be 
run more frequently, but should also be of a greater carrying 
capacity than formerly. ‘To attain this latter end, it has been 
necessary in some instances to introduce alterations in the con- 
struction of the carriages, as the shortness of the existing plat- 
forms did not*admit of an increase being made in the length 
of atrain. ‘Thus on the South-Eastern and the North London 
lines considerable space has been saved by the adoption of the 
system of short buffers and close couplings illustrated by the 
accompanying engravings, which show the arrangement used by 
Mr. William Adams on the last mentioned railway. 

According to this plan, one end of each carriage frame, instead 
of being furnished with spring buffers, has fixed upon it wooden 
blocks with concave ends, these ends being lined with brass. At 
the other end of the carriage the buffers are of the ordinary 
construction, except that they project only a short distance 
beyond the headstock; the springs belonging to them, which, in 
this instance, consist of Geo. ‘Spencer and Co.’s india-rubber 
cones, being arranged inside the carriage frame. The drawbars 
terminate at each end in a double eye, and the two adjoining 
carriages are coupled together by a short solid link held by 
pins passing through the double eyes just mentioned. The 
tightening up of the couplings is effected by a long brass coupling 
nut, with right and left-handed screws, connecting the two 
parts of which each drawbar is composed. This nut is placed 
just within the headstock, so as to be easily accessible. The 
distance between the ¢arriages when coupled up is about 
10} in., whereas with the ordinary arrangements of buffers and 
couplings it would be from 3 ft. to 3ft. 9in. Assuming the 
average saving in space to be 2 ft. 6in. between each pair of 
carriages, this will amount in atrain of eight carriages to 17 ft. 
6 in., and will in many instances allow the platforms to accom- 
modate one more carriage than they otherwise would do. 

There can also be little doubt but that the system of short 
coupling forms a safer connexion between the vehicles than that 
in ordinary use, there being less danger, in the event of a collision, 
of damage being done by the buffers overriding, and in fact the 
only objection to its adoption for all trains is that the distance 
between the carriages is not sufficient to allow a man to go 
between them to couple up with safety. In cases where, as in 
the North London Railway, the trains are permanently made up, 
and it is not required to add or take off carriages, this system is 
almost certain to come into general use. 

In the North London trains the buffers on that end of the 
brake van which comes next the engine are of the usual length, 
so that the engine may be attached or detached with safety. 
The carriages are lighted by gas, supplied from a reservoir in 
the guard’s van, and are fitted with Clark’s continuous brake, 
with brake-blocks acting upon every wheel in the train. 





Tue YorKsnirE EnGint Company.—The new works of 
this company ure situated at Blackburn, about three miles from 
Sheffield, and about two miles from Rotherham. When com- 
pleted the works will be very extensive, the premises comprising 
22 acres of land. The company have begun to take orders. 
Mr. Sturrock, locomotive superintendent of the Great Northern 
Railway, is, we believe, connected with the company, and Mr. 
Alfred L. Sacré, lately engaged with the Great Northern Com- 
pany, is managing director. 

Tue CrcAr Surp.—Mr. Holliday, for a long time engaged 
with Messrs. John Penn and Son, is the chief engineer of the 
Winans yacht, now nearly ready for iaunching. 
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THE CLYDE FERRY. 
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NEW FERRY BOAT FOR GLASGOW 
HARBOUR. 

Some time ago the Clyde trustees resolved to have a steam 
ferry boat built for Glasgow harbour, and it became a question as 
to what arrangements would best secure safety, sufficient speed, 
the capability of turning quickly, and simplicity of details. 

In order to have a choice of plans, the trustees invited the 
principal shipbuilding firms of the Clyde to prepare and submit 
plans for their consideration. The result was the production of 
many models of great ingenuity, including screw, double screw, 
single and double paddle propellers, besides other novel modes of 

ropulsion. 

, he trustees, with the advice of Mr. Andrew Duncan, their 
engineer, decided on adopting the model proposed by Messrs. 
Hedderwick and Co., iron shipbuilders, of Govan, this being an 
adaptation of the water-jet propeller, described in Mr. Gwynne’s 
patent of 29th April, 1862, which is so arranged that, though 
there is nothing outside of the hull, either — or rudder, 
the boat can be moved ahead, astern, or quickly turned to either 
side. A boat constructed upon this model has been completed 
under the superintendence of Mr. Duncan; the machinery, of 
a very neat and substantial kind, being made by Messrs. James 
Howden and Co., Glasgow. It is a good example of beauty and 
finish. The general arrangement is shown by the accompany- 
illustrations, which were prepared from drawings kindly 
furnished by Messrs. Gwynne. 

The engines are of the. high-pressure class, and have two 
cylinders 6 in. in diameter, with a stroke of 8 in. These 
cylinders are laid horizontally, with their centre lines at right 
angles to each other, as shown in the plan. The connecting 
rods are coupled to a crank formed in a vertical shaft, which 
passes down through the deck of the boat and forms the axis ofa 
—— pump, having a wheel 3 ft. 6in. in diameter. The 
casing of the pump has a short suction pipe 14 in. in diameter 
cast upon the under side of it, this pipe extending to the 
bottom of the boat, where it widens out to an opening 1 ft. 7 in. 
in diameter, as shown on the longitudinal section. Outlet pipes 
are led from the pump casing towards the sides of the vessel, 
each of these pipes being divided into two branches, of which 
one extends towards the bows and the other towards the stern, 
as shown in the plan. Each of the branches is furnished with 
a Valve, by which the quantity of water *which is allowed to 
flow through it can be regulated. ‘These valves are of the 
ordinary throttle valve description, and they can be each 
worked independently by means of levers and rods connected to 
handles conveniently placed at the top of short cast-iron 
columns standing on the deck. The whole arrangement is shown 
by the figures. 

The steam is supplied to the engines by a vertical boiler 3 ft. 
8 in. in diameter, a 6 ft. 8in. high, the top being hemispherical. 
This boiler contains a circular firebox, 3 ft. 10 in. high, and 
having a water tube 12 in. in diameter across it. The firebox 
tapers vertically, the water space between it and the boiler 
being 1} in. at the bottom and 6 in. at the top; the crown is 
yy arched, and the chimney, which is 10 in. in diameter, 
is led from the middle of it through the steam space. The 
upper part of the chimney is hinged to a casting fixed on the 
top of the boiler. 

The boat has been in constant and daily use since the early 
part of November, and its performance has exceeded expscta- 
tion. It can goat the rate of four to five miles per hour, and 
turn on its centre if required, go ahead or astern, or steer 
to the right or left much quicker than the ordinary rowing 
boats, and will transport forty people at once. 

It has been furnished with life buoys, and has been inspected 
by the surveyors for the Board of Trade, Messrs. M‘Kinlay and 

reen. The principal dimensions are 30 ft. long by 12 ft. 
broad, and it is fitted with four water-tight compartments in 
the bottom. The engines are of four-horse power, and a steam- 
whistle has been provided for alarm in case of danger. It is 
expected that all the ferry boats in the harbour will be super- 
seded by steamboats of this class, the absence of the dangerous 
und lumbering oars being itself a powerful argument in their 
favour. The boat was officially tried on the 10th November, 
1865, by the Lord Provost, Mr. Dreghorn, and other gentlemen 
of the Clyde trustees, and was ordered to be put on the station at 
Clyde-street ; this was immediately done, and it has continued 
to work in a most satisfactory manner. 

The boat is moved by the reaction of the water escaping from the 
discharge orifices, when the pump isin action. If the two orifices 
at the stern are opened the boat will be propelled forward, if the 
two orifices at the bows are opened, the others being closed, the 
boat will be propelled backwards. If one at the bow and one 
at the stern on the opposite side are opened, the boat will turn 
round in the direction contrary to the outflowing of the water. 
If the opposite orifices are opened the boat will turn in the 
reverse direction. ‘To move the boat in a broadside direc- 
tion both the orifices on the same side are opened, and to effec- 
tually enable any ship with this machinery fixed in her to be 
guided or manceuvred without a helm, it is only necessary to 
open one or other of the orifices at the stern to bring the ship’s 
head round, in any way desired; the action will be more rapid 
still if the opposite orifice at the bow is also opened. 

The constructors urge that for ships of war, when the helm is 
liable to be shot away, or where it may get damaged in other 
cases, and for all sea-going ships, whether fitted with steam 
power or not, this arrangement offers — and great advan- 
tages. The pump can be used for partly flooding the ship in case 
of fire, and for pumping the ship dry incase ofleakage. Had the 
London been supplied with one of these engines, it is possible 
that her loss would not have been recorded. 

The pump may, if desired, be attached to the engines of the 
ship, and the water propelled may be used for condensing. 
The pump may be placed in any situation most convenient, and 
quite out the way of the cargo or machinery. The cost of 
applying this machinery is extremely small, while the advan- 
tages it offers are very great and numerous. 

In sailing ships, the small engine may be used for propelling 
the ship in case of culms, for steering her in case of accident to 
her helm, for pumping her dry in case of leakage, for loading 
and unloading her cargo, lifting her anchors, and would prove a 
most powerful means of putting out any fire from whatever 
source it might proceed. 
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THE PATENT OFFICE. 

Messrs. Greenwoop and HinpMaxcu, appointed by 
the late Lord Chancellor and Commissioners of Patents, 
May 3, 1864, to examine into the working of the 
Patent Office, made their final report July 6, 1865 ; 
but it was only made public on Saturday last. The 
irregularities of Mr. Edmunds (we are not speaking of 
his pecuniary relations to the office) were known, and 
were indeed notorious, before this inquiry commenced, 
and the public are already aware how complete and 
fatal were the disclosures which the report drew forth. 
Messrs. Greenwood and Hindmarch have spent some 
further time in ascertaining that certain charges pre- 
ferred by Mr. Edmunds against Mr. Woodcroft were, 
as might have been expected, wholly groundless, and 
thus the irrepressible Clerk of Patents appears to have 
been at last disposed of altogether. It is a pity, 
although we suppose there is no help for it, that in- 
quiries like these occupy so much time, and that there 
has to be so much consideration upon what are often 
very simple matters. Besides Mr. Edmunds’s con- 
duct, the condition of the Patent Office itself has 
been inquired into, and Messrs. Greenwood and Hind- 
march express their opinion in the following moderate 
terms :— 

“It appears to us that the value and importance of 

“the Patent Office have not been duly appreciated, 
“and that the time has arrived when it ought to be 
put upon a different footing.” 
The necessity for a larger staff is dwelt upon, and 
a considerable increase advised. And a chief officer 
of the Patent Office, over Mr. Woodcroft, and having 
a salary of not less than 15002. a year, is recommended. 
The report speaks of the abridgments in arrear, and 
of the necessity for new catalogues and indices. Are 
there not cork legs put down under the head of “ Aids 
“to Locomotion,” and condensing engines, as they are 
called in the woollen factories—machines for condens- 
ing or compressing slivers of fibre—down among the 
steam engines? Winsor’s celebrated patents nowhere 
appear under the head of “Gas,” but under that of 
* Tleating and Furnaces.” Adamson’s turbine of 1815, 
the first ever patented, is not among the water wheels, 
and dozens—if not hundreds—of patents, from want 
of proper indexing, are almost inaccessible. Who, 
without the friendly assistance of the librarians, would 
know that the Bourdon gauge stood only in the name 
of Charles Cowper, and how many are there who know 
that the germ of Giffard’s Injector is to be found in 
Nicholson’s patent of 1806, al the multitubular boiler, 
so commonly ascribed to Booth, in Neville’s patent of 
1826? ‘There is work in the Patent Office for twenty 
first-rate men—men well up in engineering, mechanism, 
chemistry, and manufacturing processes. It only needs 
an appropriation for their salaries, and room wherein to 
seat them, 

Messrs. Greenwood and Hindmarch’s report is 
righteously severe upon Mr. Edmunds, but we all 
know that he has been detected and punished by the 
withdrawal of all confidence. As for the Patent Office 
itself we very much doubt whether the various sug- 
gestions contained in the report will really rouse 
Lord Cranworth and the Commissioners of Patents to 
action. The fine opening for a chief officer at a good 
salary will perhaps be kept in mind, But in the mean 
time engineers and inventors have not been idle. A 
memorial was many months ago addressed to the then 
Lord Chancellor and the Commissioners of Patents by 
several leading members of our profession, —— 
out the inconveniences and Bubeshen to which 
those who resorted to the patent office were subjected. 
Mr. Edward A. Cowper, cf Great George-street, has 
yarticularly exerted himse:f in this matter, and we 
me it to be largely due to his influence, that many 
engineers have made the full and urgent representations 
they have to the commissioners. Mr. Cowper has, 
indeed, planned a reorganisation of the Office, to which 
the Commissioners might well give their best attention. 
He urges, of course, a larger and more effective staff, 
with more responsible supervision. In short he desires 
all the useful knowledge of the Patent Office to be 
placed clearly within the reach of all who are concerned 
in obtaining it, As it is, with a constantly increasing 
number of patents, the consequences of negligence and 
inattention increase rapidly and most seriously with 
time, and although we believe the present staff are 
doing all they can, a laborious task remains for those, 
if any, who may yet be called to their aid. 


“ 


Steerers oN Braziuian Rarways.—Between January 
and November, 1865, no less than 25,213 sleepers were renewed 
upon the Pernambuco Railway, a line 77} miles in length. In 
1864 the Pernambuco Railway barely paid working expenses. 
Last year it cleared about 20,0002, and the estimated profits 


REFRIGERATING MACHINES. 

THERE are many manufacturing processes in which a ready 
means of producing artificial cold would prove of great value, 
and pol machines have therefore been from time to time de- 
signed with a view of supplying the required want. In the 
laboratory, freezing mixtures, as they are called, have been and 
are employed, but these are ee to be used in the large 
quantities which would be required by the manufacturer. When 
mechanical means have been employed for producing cold, the 
principle upon which the machines have been constructed, has 
generally been that of reducing the pressure upon the surface of 
some easily vaporisable liquid, thereby producing its rapid 
evaporation. causing it to abstract the heat from the vessel 
in which it is contained; the vapour removed being afterwards 
condensed and re-evaporated. The li uids most employed in the 
manner just mentioned have been sulphuric ether and liquefied 
ammoniacal gas. The ether machine consists essentially of a vessel 
in which ether is evaporated, a surface condenser, and a pump for 
exhausting the ether vapour from the former, and forcing it into 
the latter vessel. The liquid to be cooled is made to flow through 
tubes passing through the evaporating chamber, and the surface 
condenser is cooled by water circulating about it. The pressure 
being reduced as low as possible in the evaporating chamber, the 
ether is vaporised at a temperature little exceeding 0° Fahr., 
and after being condensed by joint action of pressure and cold in 
the surface condenser, is allowed to flow back into the evaporat- 
ing chamber to be again vaporised. 

A machine of this class was employed between four and five 
years ago by Messrs. Young and Meldrum at the Bathgate 
Chemical Works, where it was used for cooling the parratine oil, 
in order to extract the solid parratine, this substance being not 
only valuable in itself, but also highly detrimental to the oil con- 
taining it. This machine becoming too small for the increasing 
quantity of work which it was required to perform, and the 
employment of ether being considered dangerous, Messrs. Young 
and Meldram, early in 1862, requested Mr. Kirk to try if some 
safer substitute could not be contrived. Mr. Kirk consequently 
commenced a series of experiments on the use of atmospheric 
air, those first tried being directed to its employment in separate 
expanding and compressing cylinders. These experiments, how- 
ever, were not successful; conduction, the want of a regenerator, 
and the presence, perhaps, of a small quantity of moisture in 
the air, being, Mr. Kirk considers, the principa: causes of failure ; 
and these, coupled with the difficulty experienced in keeping a 
piston air tight under very high pressures and at very low tem- 
peratures, caused him to abandon that mode of working. He 
next directed his attention to the construction of a machine on 
a principle somewhat similar to that of Stirling’s air engine, and 
the results obtained were so satisfactory, that a large machine 
was made and set to work at the Bathgate Chemical Works, 
where its performance was so successful that it superseded the 
ether machine previously employed. A still larger machine was 
subsequently constructed and erected at the same works in 1864, 
and an account of this machine was given in an excellent paper 
read by Mr. Kirk before the Institution of Engineers in Scotland 
in November, 1864. 

The machine just mentioned has three cylinders, one hori- 
zontal and two vertical, these latter communicating by ports, 
one with each end of the horizontal cylinder. The cylinders 
are all furnished with pistons, that moving in the horizontal 
cylinder being worked by a crank, on a shaft driven by a steam 
engine or other prime mover, and the motion being communicated 
to the pistons of the vertical cylinders by means of a rocking 
shaft passing across the machine under the cylinders, and 
having fixed upon it a beam, the ends of which are coupled to 
the piston vertical rods. The end of the rocking shaft carries 
an arm, to s pin in which the rod of the eccentric by 
which the pistons of the vertical cylinders are driven is con- 
nected, the eccentric being fixed on the same shaft as the crank 
driving the piston in the horizontal cylinder, and at right angles 
to that crank, so that when the piston in the horizontal cylinder 
is moving towards the left-hand vertical cylinder, the piston 
in that cylinder is at the top of its stroke, and is almost sta- 
tionary, and vice versé, The pistons in the vertical cylinders 
are of cast iron, and have deeply corrugated upper and lower 
surfaces. They are perforated with small holes, and con- 
tain a recess in which is formed a regenerator consisting of 
36 layers of wire gauze, having about 90 meshes to the inch, 
the surface exposed being about 24 square inches per cubic 
inch of air displaced. To the upper and lower covers of the 
vertical cylinders are placed plates of iron formed with deep 
corrugations fitting pretty closely to those on the piston when 
the latter is at the top or bettem of its stroke. Between the 
upper corrugated plates and the top covers, a current of brine is 
made to flow, whilst between the lower plate and the bottom 
cover a stream of water circulates ina similar manner. The 
inlet and outlet pipes are provided for these liquids. The two 
ends of the horizontal cylinder are connected by a pipe furnished 
with a stop valve; this is opened when the machine is first set 
to work, and, as the air then passes freely from one end of the 
cylinder to the other, it can thus be started easily. When the 
machine is fairly at work, the stop valve is closed, and the 
great variation in the resistance experienced in different parts 
of the stroke is compensated by a heavy fivwheel fixed 
en the first motion shaft. Pipes furnished with stop valves 
are also fixed to the top of the two vertical cylinders; these 
pipes are connected by a short pipe or box containing chloride 
of calcium, of which the use will be explained presently. The 
pistons, &c., are packed by ordinary cupped leathers, and it is 
found that very little lubrication is required, it being only neces- 
sary to smear the vertical cylinders with tallow betore the 
pistons are pnt in; whilst for the horizontal or compressing 
cylinder, a supply of about one gill of oil in twelve hours is found 
to be sufficient. The machines at Bathgate contain air at a 
pressure of from 100]b, to 150 1b. per square inch; but the 
pressure at which the machine is charged may be any which its 
strength will stand, the work which the machine will do, and 
the power required to drive it, increasing with the increased 
pressure. 

The action of the machine may be probably best explained by 
considering the action of one side—say tbat to the lett hand— 


to be moving from right to left, and the piston in the left 
hand vertical cylinder to be at the top of its stroke. The air 
in the left hand portion of the machine will then be undergoing 
compression in the lower part of the vertical cylinder, and will im- 
part some of the heat generated during the process to the water 
circulating between the lower cover of the cylinder and the cor- 
rugated plate. The return stroke of the compressing piston from 
left to right allows the air which has been compressed to expand, 
but the downward stroke of the piston in the left-hand vertical 
cylinder has forced the air through the regenerator (which 
absorbs a portion of its heat), and transferred it from the lower 
to the upper part of that cylinder. The consequence is, that the 
air during its expansion absorbs heat from the brine contained in 
the upper corrugated passages, and the refrigerating effect thus 
produced can be utilised by conveying the cooled brine in pipes 
to any place the temperature of which it is required to reduce. 
The upward stroke of the piston in the vertical cylinder again 
forces the “ working air,” as it is called, through the regenerator, 
from which it takes up the heat which it had previously given 
off to the wire gauze, which heat, together with that absorbed 
from the brine, enables it to return to its original bulk and 
temperature. It will thus be seen that the compression of the 
air takes place in the lower, and the expansion of the air in the 
upper, portion of the vertical cylinders; the perforated pistons 
transferring the air from one part to the other, and the regene- 
rator preventing the communication of heat between the two 
chambers. ‘The slight quantity of air lost by leakage is replaced 
by a small pump worked by the engine. ‘This draws its 
supply through a pipe containing chloride of calcium, so as to 
avoid as far as possible the admission of moisture, as, if the air 
is at all damp, it is found that a kind of snow is deposited on 
the upper layers of the regenerator, and the passage of the air 
is thus obstructed. When this happens, the eccentric driving 
the pistons in the vertical cylinders is disconnected from the 
lever at the end of the rocking shaft, and the valves on the pipes 
connecting the tops of the cylinders opened. The air is then 
violently driven by the action of the compressing piston through 
the regenerators and connecting pipes from one cylinder to the 
other. The friction of the air warms the regenerators and 
evaporates the moisture which is absorbed by the chloride of 
calcium contained in the box to which the pipes coupling the 
tops of the cylinders are connected. 

The new machine at the Bathgate Chemical Works was made 
by Messrs. Norman and Copland. It has cooling cylinders 36 in. 
in diameter, with 2{ in. stroke, and a compressing cylinder 15 in. 
in diameter, with a stroke of 30in. The results of one experi- 
ment with it were as follows: 


‘ , 00 Ibs. max 
Pressure in one cylinder by gauge ... ose 7 — oy 





» min. 
” other ” ‘s eee eee ose = oa 
Bw > 
Revolutions per minute ai éak Pon a, ae 
Indicated horse power spent in driving, including) .. 
friction of engine and machine .., nik _ 
Quantity of cooling water per minute ai oe 4.3 galls 
Temperature of inflow ... ee ie son a FF 
* outilow ie oe ose eee 94° 
Quantity of brine cooled per minute ea ane 6.7 galls. 
Temperature of inflow .., ais ei aa . a 
" outflow wii _ aa ~~ ae 


During the discussion which followed the reading of Mr. 
Kirk’s paper, Professor Rankine referred to the experiment above 
given, and from it estimated the power expended in working the 
machine as follows: 
~ Specific Units of 

Galls. Heat. Heat. 
Water heated per minute,,,...4.3 x 32° «10° =1376 
Brine cooled per minute .,,...6.7 x 84° 10.62= 609 


Units of heat generated in machine = 767 per min. 
Multiplying this number of units of heat by 772 (the number of 
foot-pounds corresponding to 1 unit of heat), we have 592,124 
foot-lb. per minute, and this number, divided by 33,000, gives 
about 18 h. p. The power exercised by the engine as measured 
by the indicator, was, however, 23 h. p., and 5 h. p. were there- 
fore lost through the friction of the engine, &c. As we stated 
at the commencement of the present notice, refrigerating ma- 
chines may be advantageously employed in many manufacturing 
processes, and we have, therefore, but little doubt but that for a 
machine of this class, which performs its work effectively, as 
Mr. Kirk’s appears to do, there will be a considerable demand. 





Supways.—Mr. Bazalgette, Engineer to the Metropolitan 
Board of Works, has addressed a letter to the Zimes, in which 
he says:—“ Evidence was given before the Select Committee on 
Subways (1864), by numerous engineers and men of science 
(although it was disputed by others of equal eminence), to the 
effect that the Southwark-street subway was not large enough 
to hold the necessary gas and water pipes, and that they would 
block it up, that the ventilation was insufficient, and that the 
leakage of the gas would therefore lead to explosion. But facts 
are stubborn things, and.the facts are against the evidence. It 
was, after the above objections had been raised, elicited in the 
cross-examination of some of the engineers that they thought 
oue 18-inch and two 10-inch gas mains, and the same number 
and size of water pipes, might be required to be placed in the 
subway. All these pipes were at once obtained and placed in 
the subway, and there was room still left for a tramway down 
the centre. Gas was laid on and the joints and branch con- 
nexions formed in the subway. The gas was allowed to escape 
into the subway and was set fire to without even the slightest 
apprehension of danger, and the draught of air through the sub- 
way could, moreover, have been readily increased had it been 
necessary. Special care was taken so to pave the new street 
that it might be an improvement upon existing metropolitan 
paving, but now that it has been broken up it will not last one- 
third of the time it would otherwise have done. It is disheart- 
ening to see so favourable an opportunity of proving the benefit 
which may be ultimately derived from metropolitan subways 
thus, for a time, thwarted, to see a fine specimen of pavement 
destroyed, a public thoroughfare unnecessarily obstructed, and 
a good and costly subway under it unoccupied ; but it is to be 








separately. Let us suppose the piston in the horizontal cylinder 


hoped these evils will in time work their own cure.” 
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STEAM TRIALS IN THE NAVY. 


Tue Steam Branch of the Admiralty knows how to 
keep its own counsel. Seldom is anything allowed to 
transpire concerning the real performances of the 
steam vessels of the navy, yet these performances are 
printed now and then, AF many will recollect how, 
early mn 1859, a great mass of this kind of information 
found its way into the papers. A further and important 
instalment has lately a printed, without, however, 
having been published. 

In his introductory remarks, the chief of the Steam 
Branch refers to the calculations embraced in his tables, 
of the value of the forms and the relative efficiency of 
the propellers of the various vessels, of which the per- 
formances are tabulated. Most by this time know the 
customary formula for the value of form. The product 
of the cube of the speed into the midship section is 
divided by the indicated power, and the quotient in 
each case is a number by which ships of different forms 
may be compared. This formula assumes that the 
resistance is as the square of the velocity, and that the 
power required to overcome it for any given time is, 
therefore, as the cube of the velocity. It is also 
assumed that the resistance, at any given speed, is as 
the area of the midship section. And it is further 
assumed that the effective power of the engine, as 
delivered by the screw upon the water, bears in all 
cases the same ratio to the indicate#power. 

The other formula, which is generally applied in 
conjunction with the first, proceeds upon the assump- 
tion that the resistance of a vessel at different speeds 
is as the square of the cube root of the displacement, 
and this quantity is divided by the indicated horse 
power to give a number, in each case, by which 
the excellence of form of different vessels may be 
compared. 

Taking the first formula the Warrior, in one of her 
trials, gives the highest result of any vessel in the 
long list before us. On her trial of Oct. 25th, 1861, 
in Stokes Bay,with 1219 square feet of midship section 
and 8852 tons displacement, and with 38 revolutions’ 
of her engines, and 1988 indicated horse power, she 
made 11.04 knots an hour. Such a result is in itself 
extraordinary. The slip of the screw was but 1} per 
cent. By the first formula, the number given was 
824.9, and by the second formula 289.6; but this was 
with four boilers only. A week before, with the same 
immersed midship section and displacement, and with 
the engines going 544 revolutions, and working up to 
5469 horse power, the ship made 14.356 knots with 
10§ percent. slip. Here the respective values of form 
by the two formule, were 659.4 and 231.5. 

Now those who would be prepared to expect certain 
results from well-known vessels, would not, perhaps, 
be prepared to find that, next to the Warrior, the 
Resistance, built by Westwood and Baillie, gave the 
best figure for the value of form. On the 25th Sep- 
tember, 1862, the Resistance was tried in Stokes Bay. 
She had 1088 square feet of immersed midship section, 
and a displacement of 5986 tons. With 58 revolutions 
of her engines, and 1497 indicated horse power, she 
made 10.372 knots, giving for the value of her form 
the respective numbers 810.8 and 245.7, On her full 
speed trial, with 704 revolutions and 2615 indicated 
horse power, and making 12.382 knots, she still gave 
the values respectively of 648.3 and 204.8 

It is no doubt partly because of the large size of the 

ships just instanced that they gave so good results. 
The value of size is easily understood. If a ship were 
doubled in length, breadth, depth and draught, her 
mr gene would be increased eightfold, while her 
midship section and skin-resisting surface would be 
increased but fourfold. Hence, with a fourfold power, 
she should go as fast as a ship of the same form but of 
only one-eighth the displacement. 
__ We may go, however, to the Perseverance, a smaller 
but a long ship in proportion to her beam, and which 
gave a high figure of value. She is 272 ft. 7 in. long, 
and has a beam of 88 ft. 6in. On an 18 ft. draught, 
she had 500} square fect of immersed section and a 
displacement of 2299 tons. At 574 revolutions and 
912 indicated horse power, she attained 11.297 knots. 
The values given by this single trial, the only one re- 
corded, were 791.4 and 275.4. 

The Industry also once gave high co-efficients, but this 
was nearly ten years ago, since when, on further trials 
the co-efficients have fallen respectively from 762.8 to 
411.3 and from 246.6 to 132.2 and this with nearly the 
same midship section, displacement, and indicated 
power, the speed of 8.4 knots iu the former trial, 
having fallen off to 6.76 knots in the last. A new 
propeller of larger diameter and coarser pitch had been 
substituted apparently with great loss. 





It has always been inexplicable why the Black 


Prince falls so far short of the Warrior. The highest 
co-eflicients obtained with the former are but little 
greater than the lowest from the latter. In a half- 
powered trial of the Black Prince, co-eflicients of 674.4 
and 235.8 respectively, were attained, but in another 
trial under almost identical conditions, except that 
four boilers only were on, the lowest co-efficients, 524.5 
and 183.2 were the utmost given on the trials. The 
— under the full power of both ships have been as 
follows :— 


Warrior. Black Prince. 

Midship section 1219 1270 
Displacement ove 8852 eee 9300 
Revolutions ‘ 542 oss 56 
Indicated horse power 5469 eee 5772 
7 . ave os «- 14.856 ew. «=: 18.604 

3 MS 5 
peer eee oe = 659. d 

THP 59.4 554 
V3 Dz r 
— ose eee 231. 192.9 

1HP ? - 


Here the ships are of the same size, and the engines 
are not only of the same size, but by the same makers. 

We have failed to notice the Himalaya, partly be- 
cause she is not a ship of war, although she is in the 
navy. Unlike most other screw vessels, she has given 
her highest co-eflicients when under full steam power. 
Her best results were had more than seven years ago, 
before she had the new Keyham engines (Penn’s patent) 
_— in her. On the 18th October, 1858, the Hima- 
aya made 12.9 knots at Plymouth, with 712 square 
feet of midship section, and 4273 tons displacement. 
This was at 56 revolutions, and with 1901 indicated 
horse power. The co-efficients determined from this trial 
were respectively 804.1 and 297.4. Since she had her 
new engines it is difficult to reconcile the results at- 
tained. In one case, with a given midship section, 
displacement, indicated power, &c., she made 11.885 
knots, and a year later, under the same conditions, 
12.805 knots. 

There are no reports of the Fairy since the early 
part of 1856. On one occasion the ~ of her pro- 
peller amounted to 55 per cent., the propeller going at 
26$ knots per hour, and the ship 11.658 knots. But 
we need not dwell upon the Fairy. 

The report does not come down to the trials of the 
Salamis or Helicon. 

The chief of the Steam Branch, in his introductory 
notice, dwells upon the results obtained by certain 
alterations in the Teazer and Rifleman. We shall not 
enter upon them here, as they relate to trials between 
eighteen and twenty years ago, nor do we see why 
they should appear while nothing is said of the Victoria 
and Albert. 

But an interesting comparison will be that of the 
Arethusa (engined by Messrs. Penn), the Constance 
(engined by Messrs. Randolph, Elder, and Co.), and the 
Octavia (engined by Messrs. Maudslay, Sons, and 
Field. Here are the results :— 


Arethusa Constance. Octavia. 

Tonnage «.. oss ose 8142 4. 8212 8161 
Displacement 2801 .. 2781 ... 2921 
Immersed Section ... 682 ... 6528 .. 552 
Revolutions of Engines 69} .. 58.08 69.4 
Indicated power bee 2871 4. 2020 ... 2265 
Speed in knots . oe «12.695 4. 12.801 ... 12.252 
alue of midship formula... 3791 ... 486.5 ... 448.2 
Value of Displacement do.... 141.6 ... 182.2 165.9 


Here the co-eflicients vary considerably, although the 
three vessels are of the same form. None of the 
values are high. The Arethusa attained the highest 
speed, but with a disproportionate exertion of power. 
The dimensions of the hulls, engines, and propellers, 
of these three ships, will be of interest to many of our 
readers :— 

The Arethusa is 252 ft. 4in. long between perpen- 
diculars, and her extreme breadth is 52 ft. 8in. On 
her trial as above, she drew 17 ft. forward, and 21 ft. 
aft. Her engines, by Messrs. John Penn and Son, are 
of 500 horse power, nominal, and have two cylinders, 
each having an effective piston area exclusive of trunk, 
equal to that of a cylinder 80in. in diameter. The 
stroke is 3 ft. 6in., and on the above trial the revolu- 
tions were 694 per minute, with steam of 25lb. The 
propeller is 18 ft. 2in. in diameter, with a pitch of 
21 ft. 6in. The length of the propeller is 4 ft. 2} in. 

The Constance is 253 ft. 11 in. loa, and 53 ft. over 
all. On her trial she drew 17 ft. lin. forward and 
20 ft. 9in. aft. Her engines, by Messrs. Randolph, 
Elder and Co., are of 500 nominal horse power. They 
are upon Woolf’s principle, with two high pressure 
cylinders of 60 in. diameter, and four low pressure 
cylinders of 78 in., each high pressure cylinder expand- 
ing its steam in two of the larger cylinders, whose 
united area is equal to that of one cylinder of 110 in. 
The engines are inclined athwartship, the cylinders 
being above the sbaft—one high pressure cylinder, 





between two low pressure cylinders, being placed on 
each side of the ship, which has a great rise of floor. 
The stroke is 3ft. 3in. The pressure of steam is 
324 1b., considerably above the pressure carried in other 
first-class ships. Of the total indicated power 1199 
was from the high and 821 from the low pressure 
cylinders. The propeller is 18 ft. in diameter with a 
25 ft. pitch, is 4 ft. 6 in. long, and made, on the above 
trial, 55.083 revolutions per minute. 

The Octavia is 252 ft. 5in. long between perpen- 
diculars, and 52 ft. 10 in. wide over all. On her trial 
she drew 18 ft. forward and 20 ft. 10in. aft. Her 
engines, by Messrs. Maudslay, Sons and Field, are of 
500 nominal horse power, and have three cylinders 
each 66 in. in diameter, with a stroke of 3 ft. 6 in. The 
steam carried was 201b. The screw is 18 ft. 2 in. in 
diameter, with a pitch of 20 ft. 3in., and a length of 
3 ft. 2in., and upon the above trial it made 69.4 revo- 
lutions per minute. 

The engines of the Arethusa, Constance, and Octavia 
have surface condensers. On the occasion, last autumn, 
of the competitive voyage to Madeira, the Constance 
completely distanced the other ships, the Octavia being 
second, and the Arethusa last. 

In every trial of the Achilles, the screw gave a nega- 
tive slip. This has an increasing pitch, the forward 
part having about 4 ft. less than the after part. While 
the after part gave a negative slip, at no time less than 
.02 per cent., the forward part gave a negative slip of 
from 94 to 154 per cent. The Ocean, the Prince Con- 
sort, the Hannibal, the Miranda, the Plumper, and the 
Zealous, have all given negative slips. It will be recol- 
lected that late trials of the Bellerophon also showed a 
large amount of negative slip. 

The proportion of indicated to nominal horse power 
increases in the newer vessels. The Arcthusa’s en- 
gines of 500 horse power, working up to 2871, or to 
nearly 53 times their nominal power, show this in a re- 
markable manner. The Research with 200 nominal, has 
worked up to 974 indicated. ‘The Royal Oak with 800 
nominal has indicated 3704. The Black Prince with 
1250 nominal, has indicated 5772. Lately, as our 
readers are aware, the Agincourt’s engines of 1350 
horse-power have worked to 6867 indicated, or to up- 
wards of five times their nominal power. 








BROOKES’ LUBRICATOR. 


Tue lubricator of which a section is given in the accompany- 
ing figure, is one which has 
been recently introduced by 
Messrs. Brookes Brothers, 
of Sheffield. It consists, as 
will be seen, of a globe for 
holding the oil or tallow; 
the lubricant being intro- 
duced through an orifice 
closed by a screwed plug. 
The base of the lubricator 
is screwed into the bottom of 
the globe, and in the upper 
end of this base a conical 
recess is formed, in which 
is placed a plug furnished 
with passages through it, as 
shown in the figure. The 
plug just mentioned is con- 
tinued through a stuffing- 
box at the top of the oil 
chamber, and fitted with a 
handle by which it can be 
turned round and the supply 
of oil regulated, the extent 
to which the passages are 
open being shown by gra- 
duations on the top. A 
small pipe is fitted to the 
top of the base for conduct- 
ing any steam which may 
come up the central passage 
to the top of the globe. The 
principal advantage claimed 
for this lubricator is, that 
as the plug, by which the 
supply of lubricating ma- 
terial is regulated, is en- 
tirely enclosed, no waste can 
be caused by leakage. The 
lubricators have, we believe, been applied by Messrs. Cammell 
and Co., Messrs. J. Brown and Co., Messrs. Naylor, Vickers 
aud Co., and several other large Sheffield firms. 











Tue Caer Consrructor or THE NAvy.—Mr. E. J. Reed 
has been presented by the Turkish Ambassador, on behalf of the 
Sultan, with a magnificent gold snuff box, studded with 250 
diamonds, many of large size. This present, made with the 
sanction of the Admiralty, was accompanied with cordial expres- 
sions of the Sultan’s high appreciation of the services rendered 
by Mr. Reed in designing the large iron-clad frigate Fatikh for 
the Ottoman Government, which the Thames Iron Shipbuilding 
ision. The name 
nqueror. 


Company are now building under bis su 
Fatikb, in the Turkish language, myans 
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WEEKLY LIST OF ORIGINAL ARTICLES 

Published in Recent Numbers of the Chief Scientific Foreign 

Periodicals or Reviews, and which may be consulted at the 

Free Library of the Patent Ofce, Southampton-buildings. 

XI. Kunst and Gewerbeblatt fiir das Kénigreich Bayern. 
(1865. Part X.) 

Alf. Nobel and Co, Patent blasting oil (nitroglycerine) and its 
use in firing mines, blasting metal and wood, and 
loosening earth. 

A. Bolzano. On floating furs of boilers. 

Nik. Witt. On Russian stoves (with plates). : ’ 

Hugo Brandt. Machine for tapping full water or gas pipes (with 
plates). 

Miiller-Schiir. Disinfection of cesspools. 

C. Braun. Marufacture of metal mirrors. 

N. Witt. On the manufacture of alcohol from corn and potatoes 
without malt. 

On the brewing of Bohemian lager-beer. 





Regnault and Chevreul. On the unwholesomeness of cast-iron [ 


stoves. 

W. Holdmann. Manufacture of Vienna meerschaum. 

Payen. On the manufacture of sugar of grape and gum from 
starch. 

Soldering horn-plates together. 

Dr. Dullo. Colouring alabaster. 

French crystal glue. 

On the cork-works near Bremen and Delmenhorst. 

Rihlmann. Working-power of oil mills. 

Dr. Vergnette-Lamotte and L. Pasteur. On the action of heat 
on the preservation and improvement of wine. 

On the manufacture of oil for watchmakers. 

XIL. Mittheilungen des Gewerbe-Verein fiir das Kanigreich 
Hannover. 
(1865. Part VI.) 

Kirchweger. On apparatus for obtaining the consumption of 
smoke in steam boilers. 

Cantagrel. Apparatus for detecting gas escapes in pipes. 

Liecke. On nitroglycerine or blasting oil. 

Prof. Riihimann. G, Egestorff’s engine-works at Hanover (with 


plates). 
Dr, M. Heeren. On the galvanoplastic process. 
E. Hoyer, On magnesium and the magnesium light ( with pl.) 
Volter. Apparatus for grinding wood. 
Schdnaich-Carolath. Manufacture of Glauber's salt at Stassfurt. 
On industry and civil engineering. 
XIII. Schweizerische Polytechnische Zeitschrift. 
(1865. Part V). 
Rich, Wieland, Velocimeter for railway trains (with plates). 
Windhausen. Caloric low-pressure engine. 
Prof. Reuleaux. Universal joint (with plates). 
Gustav Stuckenholz. Results obtained by using boilers of cast 
steel. 
On malleable cast iron. 
K. Karmarsch. On a rational classification (numbering) of wire 
gauges. 
Von Kaven. Apparatus for measuring deflections in testing iron 
bridges, &c. 
Decker. Improvements in cone compasses (with plates). 
Smith. Improvements in winding machines for worsted (with 
lates). 
BK. a, Manufacture of paper and cloth for grinding. 
Henkel and Seck. Machine for husking corn. 
J. C. Schneiter. Laying out roads in mountainous districts. 
Dr. G. H. Gerlach. On chloride of tin diluted by water. 
C. Rube. On the separation of manganese in analytical opera- 
tions. 
C. D. Braun. Sensible reaction on prussic acid. 
R. Fresenius. On the precipitation of phosphoric acid as phos- 
yhomolybdate of oxide of ammonium. 
Prof, C. Barfood: On the detection of silicic acid. 
A. Girard. Separation of sulphate from free sulphuric acid by 
alcohol. 
Dr. O. E. Prieger. Alloys of manganese. 
Oudry. Electro-metallic bronze. 
Ch. Weintraub. Etching steel. 
Coating forge-iron with zine. 
Béttger. Relievo-etching of zinc and gilding the relievo parts. 
Schneider. On aniline black. 
C. Schaller. On carminic acid. 
Dissolving aniline colours and applying the same to dyeing 
wool, 
Dyer's bath of aniline violet. 
Martins and Gries. On a certain compound of naphthaline being 
isomeric with alizarine. 
Schiitzenberger and Schiffort. On the colouring substances of 
Alsatian madder. 


XIV. Zeitschrift des deutschisterreichischen Telegraphen- 
Vereins. 
: (1865. Parts LV., V., and VI.) 

Prize of 200/. for a new key apparatus in Morse’s telegraphs. 

L. F. W. Rother. Apparatus for examining submarine cables. 

H. Discher. Counter-telegraph apparatus (with plates). 

Dr. Ed. Zetzsche. Counter and double telegraph apparatus with 
simultaneous action (with plates). 

A. Busse. Proposed construction of type by means of little 
staves, for Siemens’ and Ualske’s magneto-electric 
printing . oe (with plates). 

On the working of the Swiss telegraph lines in the year 1864. 

Review of the telegraph lines and stations that were in opera- 
tion in Austria and Germany on the Ist Jan. 1869, 


XV. Allgemeine Bauzeitung. 
(1865. Parts VII., VIII., and 1X.) 

Vallés. The waterworks of Marly and Versailles. 

On the manufacture of chemical products in Belgium (with 
— (Manufacture of Glauber's salt and apparatus 
or condensing muriatic acid.—Manufacture of chlorate 
of lime.—Manufacture of sulphuret of carbon, and 
its use in industry.) 


Armengaud. On fluvial navigation, and especially chain naviga- 
tion (with plates). 

Beringer. Assembling iron girders (with plates). 

Mallet and Amyot. Flexometer, an apparatus for measuring the 
deflection in testing bridges. . 

On the construction and working of two syphons for raising 
water (with plates). y 

On —— street passages (archways) with side walls (with 
plates). . 

On sewers, in uate int of view, and on the means of pre- 
venting their effluvia (with plates). 

Movable urinals (with plates). 

Jung.? Dykes on the River Jee (with plates). 

On the scaffolds used in transposing and conveying large stones 
and obelisks (with plates). 

Permanent paint. 

Gevers d’Endegeest. Draining of the Haarlem Lake. 

Conrad. On the new canal in Holstein between the German 
Ocean and Baltic Sea (with plates). 

On peat. 


XVI. Zeitschrift des Architecten und Ingenieur-Vereins. 
(Vol. xi., Parts II. and III.) 
Mohr. On the transport of earth on provisional lines. 
Rasch. On the lunatic asylum at Leubus-on-the-Oder, near 
Breslau. 
Professor Trending. On the drainage and irrigation of lands. 
Berg. Large bridge on the Weser at Bremen (with plates). 
Buckholz. owe ma of the harbour at Geestemiinde (with 
ates). 
Welkner, Sedbanie of the harbour at Geestemijnde (with 
plates). 
Kaven. Nonius myo for measuring the deflection in testing 
iron bridges, &c, 
Funk. On the heating and ventilation of the College of Mid- 
wifery at Hanover. 
Oppermann. Drainage of the Haarlem Lake. 
Goring. Construction of railways in boggy districts. 
Giring. Propelling vessels by means of immersed chains. 
Ggring. The St. Louis Bridge at Paris. 


XVII. Annalen der Landwirthschaft in den Preussischen 
St 


laaten. 
(1865. Parts X. and XI.) 


Official report on the vertigo disease (Traber) of sheep. 

Dr. Baumstark. Official report on various agricultural schools. 

On the mutation of land property in the six eastern provinces of 
Prussia and Westphalia, between 1816 and 1860. 

H. Karsten, Cause of a disease in carrots. 

Dr. W. Schumacher. Aphorisms for a physiological theory of 
the reproduction of animals. 

On the voluntary production of sexes, &e., on Thury’s theory. 

Dr. Jagar. On leporids, mongrels of hares and rabbits. 

On the causes of the disease of silkworms and means of 
removing the same. 

Dr. Julius Lehmann. On the increase of the produce of corn by 
strong manure of bone-flour, and experiments made 
during four years with various mixtures of bone-flour. 

Vaulted cowsheds with iron pillars and girders (with plates). 

E. Perels. On Howard's steam-plough. 

Dr. J. Conrad. Critical review of Liebig’s theory of the exhaus- 
tion of the soil, founded on history, statistics, and 
national economy. 


XVIII. Publication Industrielle des Machines, Outils et 
Appareils, etc. par Armengaud. 
(Vol. xvi. Parts I-IV.) 

Ernest Gouin and Co. Pump for compressing atmospheric air, 
worked directly by a steam engine, for submarine works 
(with plates). 

Cc. ae ~ ee for carrying forty tons (with 
plates). 

Fr. Durand. Jacquart loom for substituting endless paper for 
pasteboard (with plates). 

Hartmann. Radial punching machine with a movable platform 
and perforators mounted on pillars (with we 

Desgoffe and Ollivier. Sterhydraulic apparatus as a substitute 
for injection pumps (with plates). 

Joha Cockerill. Horizontal hydraulic press heated by steam 
(with plates). 

Hardy. Dry docks at Algiers (with plates). 

Nillus and Son. Lock-gates and draining machine for the same 
(with plates). 

Blake and Avery. American machine for crushing stones and 
ores (with plates). 

M. Dickhoff. Eccentric machines for crushing stones and ores 
(with plates). 

Bacot and Son, Power loom for the manufacture of fancy cloth 

with plates). 

Van der Maesen. Using weft counters for fixing the pay of 
weavers. 

Bona. Weft counter (for the above purpose). 

Faivre, brothers. Steam apparatus of 30-horse power, with fixed 
and inclined cylinders for paddle wheels (with plates). 

Imperial decree of the 25th Jan., 1865, for regulating the con- 
struction of steam engines and boilers. 

T. Arbey and Co, Circular saws of various systems for cutting 
and shaping wood (with oper 

J. Petiel. Locomotive of great power with four cylinders and six 
coupled axles (with plates). 

Commines de Marsilly. Researches on the combustion of coal 
and coke in movable and fixed engines. 

C. Neustadt. Travelling crane for 30 tons, and lift crane for 
20 tons (with plates). 

Fr. Durand. Reading and punching machine for Jacquart looms 
(with plates). 


XIX. Revue des Deux Mondes. 
(1865, Vol. lv.-lx). 





Elisée Reclus. On the oscillations of the soil. 








Emile de Laveleye. On commercial and monetary crises, 

L. Simonin. On books of science, 

L. Wolowski. On the renewed discussions on banks. 

Jules Simon. On the apprenticeship in small trades in France. 

J. Clavé. On log = plantations at Paris. 

A. Esquiros. On the ironworks of England. 

Hudry-Menos. On the tunnel through the Alps. 

Ch. Lavolleé. Statistics of industry at Paris. 

L. Reybaud, The American war and cotton market. 

Ch. Martins. Two ascents on the Mont Blanc (with notes on 
meteorology and natural history). 

Edgar Saveney. On the vulgarisers of science. 

Bailleux. Lyons, her finances and public works. 

E. Yemeniz. On the agriculture and public works in Greece. 

L, Reynaud. On the education of the middle classes in Eng- 


G. Walker. The American finances after the civil war. 

Claude Bernard. On the progress in physiological sciences. 

V. de Mars. The French American Navy in 1865. 

Alfred Maury. On the recent progress in ic chemistry. 

Edgar Saveney. On pisciculture and its achievements. 

On the coal trade and the exhaustion of coal. 

Emile de Laveley. On the education of the people in the nine- 
teenth century. 

Victor Bonnet. On the inquiry of 1865 on credit. 

ao the Alpine railroads and the Mount St. 

ard. 








EXPEDITIOUS BRIDGE BUILDING. 


Ir may be interesting to those concerned in the iron trade, to 
have an example of the rapidity with which structures of this 
material are now m@&ufactured and erected. This is a quality 
which is ry | overlooked, but in this active age when time 
is money, it should not be entirely lost sight of. The example 
to which we refer is the following: “‘ During the violent gales of 
a few weeks back, no less than twelve bridges on the railway 
now in course of construction in the south-east of Portugal, by 
Messrs. Waring Brothers, of London, were damaged by the 
flood ; this would have seriously impeded the progress of the 
line, but application was made to the well-known firm of Messrs. 
Kennard Brothers, who were called upon on the 8th December 
last to replace them in iron in the shortest space of time. The 
material for these twelve bridges had to be rolled, and brought 
from various works in Staffordshire and Wales to their Viaduct 
Works, Crumlin, after the receipt of the order, and before the 
process of manufacture could be commenced. Upon its arrival, 
the girders, and other parts forming the bridges were rapidly 
proceeded with, and by the aid of their patent duplex riveting 
machines recently erected, were entirely completed in the short 
space of seventeen working days, a work unparalleled in the his- 

of bridge manufacture. We are informed this 

without interruption to the ordinary work in progress at Crum- 
lin, where there are now in course of construction, a patent 
slip for New Zealand, capable of hoisting ships of 2500 tons 
burthen out of the water, a large number of barrack buildin; 
for our own Government, and bridges for various parts of the 
world; among the latter may be mentioned a bridge over the 
Solway, Scotland, one mile in length, and a bow and string 
bridge to cross the te uthwark, for the London, 
Chatham and Dover Railway. During the last eight or nine 
years, this firm has manufactured, besides other works in iron, 
several miles of iron bridges, for home and foreign use, and is 
noted for the rapid execution of this class of work. 

As an example of rapidity with which ‘iron bridges can be 
constructed, we may instance the iron bridge over the River 
Ebro (Spain), erected by Messrs. Kennards. This bridge is 
2138 ft. in length, and supported upon twenty piers, formed of 
cast iron cylinders sunk $0 ft. into the bed of the river, whose 
current is exceedingly rapid, being at flood times as much ‘as 
25 miles per hour. The whole of this structure was erected in 
less than eight months from its commencement. We might 
refer to the Velletri viaduct near Rome, an iron bridge 600 ft. 
in ay supported upon columns 90 ft. high, which was 
erected in the short space of three weeks, but enough has been 
said to point out the vast superiority of iron in the construction 
of bridges and other similar structures, more particularly where 
time is an element of the calculation. 








Tue Austrian Rattway Trotty.—On the Austrian 
railways is in use a novel trolly called the “ Maderon,” after its 
inventor, Mr. Carl Maader, chief engineer of the Austrian 
Government railroads. It is so simple that no drawing is needed 
to describe it. Designed to run only on one rail, or one side of 
the line, it is com of but two small wheels which have 
flanges on both sides. The wheels are 5 inches diameter on 
the tread, are placed ‘fore and aft,” 18 inches from centres, 
and carry a platform 1 ft. wide and 3 ft. long. The little car is 
held in an upright position when running, by a handle fastened 
with a hinge on one side of the frame. This handle is held by the 
labourer when he pushes, by its means, the trolly along, he 
walking in the middle of the line. When he wishes to stop, he 
merely lets the handle fall to the ground, when it acts as a brace 
or support, still holding the car upright. One such car or 
platform is sufficient to carry platelayers’ tools, ete., and even 
a sleeper conveniently ; two are required to c rails or heavy 
timber. The “Maderons” have the advantage of being capable 
of instant removal on the a) ps of a train; om only require 
to be turned over peed ly. They have rapidly taken the 
place of the former heavy and cumbrous four-wheeled bogies 
employed upon the Austrian lines. 

Martin’s ANcHOR.—On Saturday last a trial of Mr. Martin’s 
self-canting anchor was made at Woolwich Dockyard. The 
anehor, which weighed 1 ton 1 cwt. 2qrs. 14]b., is intended for 
her Majesty’s gunboat Vixen, and is exceedin bw in the 
shank, being only 79in. long. After the full iralty test of 
21 tons 13 cwt. 1 qr. had been applied without producing any 

ent deflection, the strain was increased, at Mr. Martin's 
request, to 32 tons 15 cwt. A deflection of ,4, in. was then pro- 
duced, but this disappeared upon the removal of the strain. 
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ARTIFICIAL STONE. 


Mr. Frederick Ransome began his experiments upon 


the manufacture of artificial stones in 1844, but it is | into the trough of a mixing mill. The latter is of the 


only within the last three years, and by a process 
altogether differing from that which he had previously 
employed, that he has been enabled to produce a stone 
having, apparently, the indestructibility and unchange- 
ability of the natural rocks; and which may, at the 
same time, be moulded, before induration, mto any 
desired form. After twenty-two years of experiment 
with varying success, Mr. Ransome is now able to 
mould the most ornate capital, enriched frieze, or 
intaglio or relievo ornamentation, from common sea 
sand, first thickened and made plastic by the addition 
of asemi-fluid substance, and afterwards hardened into 
rock by a brief immersion in a liquid which, if it were 
judged only from its appearance, might be mistaken 
for water. Chemistry has shown us the elementary 
composition of the natural stones, and we have been 
accustomed to believe that their original solidification 
was due to heat and pressure; but Mr. Ransome is 
now making hundreds, if not thousands, of tons of stone 
from sea sand and gravel, without heat and without 
pressure, and which, nevertheless, has all the me- 
chanical properties of the pre-Adamite rocks. We 
cannot yet, nor will our grandchildren be able to, 
contrast the durability of the artificial stone with that 
of the oolites and dolomites of which so many of our 
old abbeys were built, but the new stone has withstood 
boiling in water and in acids, the test of freezing 
mixtures and of Russian winters, the action of the 
gases in the Sree mame Railway, that of the foul 
water of Ipswich harbour, and has shown good qualities 
under every mechanical test that has been applied to it. 
It has thus been so far put to the proof that, although 
any substitute for natural stone can only be thoroughly 
tested by the observations of many generations, it does 
appear likely that the artificial will endure as long as 
the natural stone. The manufactured stone is already 
in the market, competing with all the natural buildin 
stones, and having the advantage of being moukied 
into any form with but little extra cost. 

The new stone is mainly formed of silica, being made 
sage a of sea sand, united through all its interstices 

y silicate of lime. Nothing can be more indestruc- 
tible than these substances, nor more unalterable than 
their cohesion for each other. The novelty of Mr. 
Ransome’s present manufacture of artificial stone con- 
sists in the manner in which the silicate of lime is de- 
posited in every interstitial space, however minute, 
throughout the mass. This substance is produced 
artificially by the mixture of silicate of soda and the 
chloride of calcium, which decompose each other, the 
silica of the silicate uniting with the lime of the chloride ; 
while the sodium of the silicate unites with the chlorine 
of the chloride, forming chloride of sodium, or common 
salt, which, being perfectly deliquescent, is easily re- 
moved from the silicate of lime by washing. 

Even in the preparation of silicate of soda, Mr. Ran- 
some many years ago discovered a better process for 
his purposes, than that by the fusion of powdered flints 
along with caustic soda. Silicate of soda, otherwise 
known as soluble glass, is a nearly transparent and 
nearly m1 substance, in fact, a true solution of 
flints, and it is more convenient, therefore, to prepare 
it by the “wet,” as distinguished from the “dry” pro- 
cess. Flints may be boiled, however, in a strong solu- 
tion of caustic soda, and for almost any length of time, 
without being dissolved, so long as the boiling is 
carried on under the atmospheric pressure only. It 
was, indeed, formerly held by chemists that silica could 
not be dissolved at all in a caustic solution. Mr. Ran- 
some, however, discovered, partly by accident, that if 
the boiling were performed under pressure, and thus 
under increased leek the flint was actively attacked 
and melted away. At the Artificial Stone Works at 
Ipswich, a high pressure boiler supplies steam to a 
series of digesters, which are horizontal cylindrical 
vessels of equal strength with the boiler itself. In the 
lower part of each digester is a coil of steam pipe, and 
above this is a strong iron grating, upon which. the 
flints are heaped. A solution of caustic soda in water, 
and of a specific gravity of about 1.200, is then let in 
So as to nearly fill the digester, and the boiling is 
begun. The soluble glass is afterwards drawn off, as a 
clear, although imperfectly liquid substance, and when 
evaporated down to a specific gravity of 1.700 it be- 
comes as stiff as treacle, and has nearly the same 
colour. 
hh making artificial stone, a small proportion of lime 
18 mixed, in a finely ground state, with the sand, the 
better to enable the silicate of lime (to be subsequently 
ormed) to obtain the requisite closeness of surfaces 


for its own cementing action. For every bushel of the 
soda, of a specific gravity of 1.700 is poured with it 


same construction as the loam mills so long in use, and 
having a pair of edge runners of iron with paddles on 
each side. The mixture, with the usual charges, is 
completed in from three to four minutes, when the 
sand will cohere when pressed together in the hand. It 
is then in a state for moulding into any desired form, 
and when completed, the stone will retain this form 
without any change whatever, and without any enlarge- 
ment or contraction. 

The moulding is performed in wooden boxes, not 
unlike founders’ flasks, and the sand is rammed b 
hand, much in the manner of loam in pattern mould- 
ing. And thus, too, the variety of form which may be 
moulded in stone is as infinite as in metal. A statue, 
or a block for paving; the most intricate Gothic tracery, 
or a door step; a Corinthian capital, or a bed stone for a 
steam engine, may be moulded with almost equal 
facility. The sand, thickened or stiffened by the addi- 
tion and mixture of the silicate of soda, keeps its form 
well when freed from the moulds, and will bear hand- 
ling if a little care be used. The moulded article is 
then laid upon planks over a tank containing a satu- 
rated solution of chloride of calcium. This is ladled 
over the moulded sand, and the stone sets directly, 
hardening within a few seconds, although its hardness 
increases with time, especially within the first few 
hours. In its partly hardened state the stone is 
lowered into tanks containing also a saturated solution 
of chloride of calcium, in which it is allowed to remain 
for two or three hours. The solution finds its way to 
every portion of the mass of stone in course of setting, 
and in every interstice where the silicate of soda has 
been, a double decomposition goes on, resulting in an 
imperishable cement of silicate of lime, besides a little 
common salt. 

The chloride of calcium was formerly a waste product 
of the soda manufacture. In order to obtain carbonic 
acid gas for the manufacture of carbonate of soda, lime 
is treated with hydrochloric acid, and as the gas is 
evolved, the liquid chloride of calcium has heretofore 
run to waste. But this is now evaporated, and the 
crystals turned to account for various purposes, one of 
the most important of which is that, no doubt, of making 
artificial stone. 

The first stone made by Mr. Ransome’s present pro- 
cess, was that employed in the Edgeware-road Station 
of the Metropolitan Railway. We have seen how 
common salt is formed in the decomposition of the sili- 
cate of lime and chloride of calcium, and it is this salt 
which, efflorescing upon the surface of the stone, has 
injured its appearance in the case of that just noticed. 
But at the present time all this salt is washed out 
before the stone leaves the factory. By itself, the stone 
is as impermeable to water as flint or ite, but while 
a particle of free salt remains in it (anc we are speaking 
of common table salt), water will, by a natural law of 
diffusion, search it out in every direction. Nor does 
this result depend upon what we understand as per- 
meability. To comprehend it, if indeed we can com- 
prehend it all, we must turn to one of Professor 
Graham’s experiments in dialysis. A parchment vessel 
tightly made, and separated by a water-tight parchment 
partition into two compartments, was filled, the one 
with salt, and the other with fresh water. This vessel 
was hung up in the air, and not a drop of water escaped 
by permeation ; ret after some hours the salt and fresh 
water, separated by a water-tight  yaony had changed 
places, or at any rate the salt had gone from one com- 
partment to the other. Certain it is that table salt is 
formed throughout Mr. Ransome’s stone in the process 
of setting or indurating ; certain it is that this salt is 
now so far washed out that no efflorescence takes place 
afterwards ; and certain it is that the stone is impervious 
to water. The washing is performed by placing the 
stone in deep pits, with a sprinkling apparatus above, 
the stone being thoroughly showered for some time. 
Raised from these pits, the stone is ready for market, 
the whole course of its manufacture having occupied 
but a few hours. 

By leaving out the finely ground lime, in the original 
mixture of sand, the silicate of lime, although it 
cements the sand together into a strong stone, fails to 
completely fill all the interstices. Made without lime, 
a good filter stone is produced, and we understand that 
Mr. Simpson is now experimenting with it in connexion’ 
with waterworks. Experiments are being made, too, 
in the manufacture of artificial stone from powdered 
ganister, the stone employed for lining the Bessemer 
converters. This, it is expected, will make an excel- 
lent firestone, suitable for gas retorts, and which may 





thus supersede clay. The artificial firestone, it is ex- 


mixed sand and ground lime, a gallon of silicate of | pected, will be free from the tendency which clay has 


to crack, especially by sudden heating or cooling. The 
artificial stone may be made of any required degree of 
coarseness or fineness, according to the purpose re- 
quired, and it may indeed be formed of pebbles 
cemented together by lime and silicate of lime. One 
quality is already being employed by engineers for 
grindstones. With the admixture of about one-tenth 
part of ground iron-furnace slag, a very dark and hard 
stone is produced. Ground with sand upon Yorkshire 
stone, it cuts the latter away. In cases where great 
strength is required hoop iron or bars ean be placed 
within the stone, which is moulded around the iron. 
Almost any strength may be thus obtained. 

Monolithic structures can be made in situ, by Mr. 
Ransome’s new process, and of any size, even to that of 
a column like the Monument, or a collossal group of 
statuary. Its freedom from shrinkage or any change 
of form, makes it excellent for the bed stones of steam 
engines and heavy machinery. These can be made ix 
situ, if preferred, and the bolt holes for the foundation 
bolts are formed at the exact distances required, by 
means of light wooden cores, as in iron moulding, 
only that no allowance for shrinkage has to be made, 
At Ipswich several artificial bed stones are in use— 
Messrs. Turner, engineers, have their steam hammer 
bedded upon one, Mr. Edward Packard and Messrs. 
Colchesters, both of whom are large manufacturers of 
coprolite manure, have each a high and low pressure 
engine, by the late Mr. Goodfellow, of Hyde, bedded 
upon artificial stone. Mr. George Mason, of Ipswich, 
oil manufacturer, has his oil presses and edge runners 
bedded upon the same kind of stone, one block bein 
9 ft. by 4 ft. 6in. by 1 ft. 9in. Its cost for suc 

urposes, with the bolt holes in, is not above 4s. per 
oot cube for the largest sizes. Several leading archi- 
tects, among them, we understand, Messrs. Banks and 
Barry, are arranging to use the stone for ornamental 
purposes. One hundred and twenty Corinthian 
capitals, for the New Zealand Post-office, have been 
made of it, besides many mullions, lintels, and rusticated 
quoins, for church and other architectural works at 
home. 


Mr. Ransome’s present works turn out but about 
10 tons of this stone weekly, but the Patent Concrete 
Stone Company, Limited, has been formed to prosecute 
the manufacture on a large scale at East Greenwich, 
in new works adjoining those of Messrs. Bessemer, 
Brothers. The company, of which Captain Macdougall 
is chairman, and James Phillips, Esq., vice chairman, 
has the following other directors: Edward Woods, 
Esq., C.E., Bryan Donkin, Esq., C.E., G. R. Burnell, 
Esq., George Smith, Esq., Robert Hudson, Esq., C.E., 
Robert Longsdon, Esq. (of Messrs. Bessemer and 
Longsdon), Fred. Alexander, Esq., and John P. Spen- 
cer, Esq. Besides the new works, which are to be 
completed in July next, licenses have been ted to 
manufacturers at Kidwelly, South Wales, at Hale Cliff, 
near Liverpool, and at Halstead, Essex. The scarcity 
of natural stone near London, together with the fact 
that the artificial stone can be made to any form or 
design with such extraordinary cheapness, leads to the 
conclusion that the new manufacture is likely to exercise 
a remarkable effect spon the future practice of archi- 
tects, engineers, and builders. 








British ComMERCE.—The combined value of our imports 
and exports anounted in 1854 to 268,210,145; in 1864 it 
reached 487,540,411/, The value of the imports was but 
152,389,053/. in 1854; in 1864 it amounted to the enormous 
sum of 274,952,1722, more than 5,000,000. a week. In those 
ten years our imports from foreign countries have risen from 
118,239,554 to 181,207,678/.; our imports from British posses- 
sions from 34,149,499/. to 93,744,4947. The revenue from 
Customs duties, notwithstanding all the reductions made, dif- 
fered little in 1864 from the amount received in 1854. Duties 
amounting to 11,491,412/. were received at the port of London 
in 1864; 2,893,445/ at Liverpool, 1,103,000/. in Bristol, 
1,054,8362. at Greenock, 964,477/. at Glasgow, 940,912/. at 
Dublin. The exports of the year 1864 reached the, value of 
212,588,239/; our exports of British and Irish produce amounted 
to 160,449,0532.; of foreign and colonial produce to 52,189, 186/. 
The export of cotton pom manufactured in this kingdom com- 
rised 1,101,566,342 yards of white or plain piece goods, and 
50,422,958 yards printed, dyed, or coloured. ‘At the end of 
the year there were registered as belonging to the United King- 
dom and its possessions 40,867 vessels of 7,103,261 tons, with 
crews numbering 341,499. 

Prorecrep GuUNPOWDER.—It appears that experiments 
upon gunpowder mixed with sand, in order to render it non- 
explosive, were made as early as 1848. Lieut. Col. J. S. G. 
Ryley, lately read a paper before the Royal Scottish Society of 
Arts, setting forth his own experiments, as early as 1859, in 
rendering gunpowder non-explosive by means of a mixture of 
bone-ash. He alleges that he obtained the same results as those 
given by Mr. Gale’s “ protected” gunpowder. 
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NEW CHRONOMETRIC GOVERNOR. 


Tue imperfections of the ordinary centrifugal 
governor, introduced by James Watt more than eighty 
years ago, have led to the invention from time to time 
of other and more perfect means for controlling the 
motion of steam engines. Amongst the most recent 
of such improvements is the chronometric governor of 
Mr. ©. William Siemens, which was described in a 
paper read by him before the Institution of Mechanical 

dngineers, on the occasion of their meeting at Bir- 
mingham on Thursday week. 

This governor consists of a casing containing a 
liquid, such as water or paraffin oil, in which a cup of a 
parabolic form carried by a central spindle, is partially 
immersed. The cup is open at the bottom, and is 
furnished with a series of vanes attached around it 
externally just below the rim, another set of vanes 
being fixed to the outer casing on a level with the upper 
edge of the cup. The action of the governor is as 
follows: When the cup is rotated rapidly, the surface 
of the liquid contained in it assumes a the approxi- 
mating to that of the cup, and eventually part of the 
liquid escapes over the eigen and is replaced by a fresh 
supply drawn in through the open bottom of the cup. 
The liquid flowing over the edge of the cup is caught 
by the vanes fixed to the external casing, and by them 
thrown against the vanes. on the outside of the cup; 
the resistance thus caused, together with the power 
absorbed in setting in motion the fresh liquid drawn 
into the cup, making a total resistance to the rotation 
of the cup which is constant at any given speed. This 
being the case, it follows that if the power employed to 
drive the spindle is a constant one, the speed of the 
governor will be uniform, and it thus, by the aid 
of an arrangement which will be described, affords 
a means for regulating the speed of a steam engine. 

The constant power for driving the governor is ob- 
tained by means of an arrangement of differential 
wheels as follows : a wheel connected with the engine 
is made to gear into another wheel carried by a frame 
which is capable of rotating around the spindle of 
the governor, and this second wheel is made to drive a 
third wheel fastened on the cup spindle itself. An arm 
on the frame carrying the second wheel is connected by 
a rod with the throttle valve, and on ‘the spindle of the 
latter is fixed a lever carrying a weight. The motion 
given by the engine to the first wheel of the set above 
mentioned is in such a direction that the motion given 
by it to the frame carrying the second wheel causes 
the weight to be lifted, and the resistance thus offered 
to the further rotation of the frame enables the second 
wheel to drive the spindle of the governor. So long 
as the engine and governor revolve at the same rate, 
the rocking frame, and, consequently, the throttle valve, 
will remain stationary, but if the speed of the engine 
be increased by a diminution, of the toad, or from other 
causes, the first wheel will revolve at a greater speed 
than the third and the intermediate wheel and with it 
the rocking frame will be moyed partly round the 
spindle until, by means of the connexion between the 
frame and throttle valve, the latter is partially closed, 
the speed of the engine reduced, and equilibrium re- 
stored, If the speed of the engime is reduced below 
its proper amount, a series of movements, the reverse 
of those just described, of course takes place. 

One of these governors, having a cup Gin. in 
diameter and 6in. igh, running in water, has been 
working in connexion with an engine at Mr. Siemens’s 
telegraph works at Woolwich, for some months, and 
hap ban found to answer well. The engine is run at 
a high speed and with a very variable load. 
absolute speed is regulated hy varying the quantity of 
water ot consequently the immersion of the cup; 
a graduated gauge-glass showing the level required for 
different speeds. The evaporation of the liquid is pre- 
vented by the outer casing being hermetically sealed. 
A wiore perfect governor, on the same principle, has 
also been constructed by Mr. Siemens, for controlling 
clocks'and telegraph apparatus ; the immersion of the 
cup in this case being self-adjusting. 

One of the main anvantages possessed by Mr. Sie- 
meus’s governor and by others which are designed 
upon similar principles, is that whilst maintaining the 
engine at a constant speed, they admit of various de- 
zrees of opening being given to the throttle valve. 

Vith the ordinary centrifugal governors this is not the 
case—each degree of opening of the throttle valve 
agreeing to a certain speed of the engine, and being 
incapable of variation except by an alteration in the 
length of the rods connecting the governor with the 
throttle valve. It consequently happens that if the 
load on an engine, fitted with the ostomy governor, is 
greatly augmented, the increased opening of the 
throttle valve necessary tu admit the larger quantity of 
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steam required, can only be obtained by reducing the 
speed of the engine and thus causing the collapse of the 
balls of the governor. This defect renders the speed of 
engines so fitted far from being constant when the 
load is a very variable one. 








INDIAN ROADS AND CANALS. 


Azout 50,000,000/. have been expended upon 
Indian railways and so far from their being yet produc- 
tive, the Government, having guaranteed the imterest 
upon their cost, is paying yearly a deficiency of 
2,000,000/. Even were the Indian lines paying their 
dividends out of profits, their traffic would be in all 
but about 5,000,000/. yearly, an amount wholly dis- 
proportionate to the whole internal traffic of the coun- 
try. To provide India with a system of railways ac- 
commodating every district, would involve an outlay 
at least ten times as great as that already incurred, an 
outlay immeasurably beyond anything likely to be 
sanctioned in this’ generation. Means of communica- 
tion are required in every collectorate from the Hima- 
layas to Cape Comorin, but neither the present nor the 
probable future traffic would justify a corresponding 
system of railways. Private enterprise, therefore, will 
not attempt their construction, and the Indian Go- 
vernment cannot go on guaranteeing for ever. If, 
however, even five millions of money (and the Indian 
revenue is 50,000,000/. yearly) were judiciously ex- 
pended in’road making, and in cutting canals, and im- 
proving the navigable rivers, it would benefit an ex- 
tent of country at least equal to that now served by 
all the railways in India. ‘For the cost of such works 
per mile, or per thousand miles, is not, taking the 
average of them all, one tenth that of railways. And 
although they may not, in proportion to their length, 
accommodate as much traflic as railways, they serve to 
carry what would otherwise not be carried at all, and 
in the case of water communication at mucli cheaper 
rates than would be possible upon railways. One of 
the greatest advantages—next to a command of slave 
labour-—which the American cotton planters enjoyed be- 
fore the war, was in their vast system of inland navi- 
gation. In their case this was provided by nature, 
and needed little or no improvement, but in India a 
great system of water communication can be provided 
by art, at a cost bearing no comparison with that of 
an equal extent of railways. General Sir Arthur 
Cotton told the Manchester Chamber of Commerce, 
the other day, that one of the most wonderful features 
of India was that the whole country admitted of being 
traversed with steamboat canal navigation. Such 
works equally serve the purpose of irrigation. Half 
a million, Sir Arthur said, had been.already expended 
upon such works, and the result had been that they 
had added upwards of a million to the treasury. 








Tae Orwett Works.—The works of Messrs. Ransomes 
and Sims, at Ipswich, are of large extent, and now employ 1200 
men and boys, a number ‘considerably below that employed in 
the busiest times. It was here that the early experiments of 
Mr. Fowler, the inventor of the steam plough bearing his name, 
were carried out. A very large number, upwards of 4 thousand, 
portable engines have been made since that. branch of the busi- 
ness was first taken up, and the manufacture of agricultural 
implements by Messrs, Kansomes and Sims is also very extensive. 
To the engineer the machinery for compressing oak treenails, 
for railway sleepers, a manufacture first commenced by the firm, 
is of interest. The foundry is of large extent, and has several 
features worthy attention. The cupolas ranged in a row, are 
tapped from both sides, and the average distance to which the 
men have to carry the melted metal in their ladles is thus 
tly lessened. The moulding machinery (Jobson’s patent) 
is very complete, and no one interested in machine moulding, 
should fail to inspe¢t the whole system practised at Ipswich. 
The firm have acquired a special reputation for chilled iron cross- 
ings for railways, and, when purposely broken, these crossings 
show beautiful fractures, with a chill to the depth in some parts 
of gin. Like most of the leading agricultural implement 
makers, Messrs, Ransomes and Sims also make malleable iron 
castings up te 1}cwt., the process of partial decarburisation 
occupying about a week. The blowing fans at the Orwell 
Works are driven by a venerable pair of engines, but which 
are still working in good order. They are, if not the only 
ones, a pair of the very few still in existence, made by the 
once famous firm of Fenton, Murray, and Wood, at one time 
the rivals of Boulton and Watt. The late Sir William Cubitt 
in his early and unsuccessful speculation at Lowestoft, ordered 
these engines for pumping, but they stood for forty years at that 
lonely port without having once been started. Messrs. Ran- 
somes and Sims bought them at a sale about twenty-three years 
ago, and have had ‘them in use ever since. 

Tus Iystrrution oF Cryu. Enoineers.—We have been 
asked to state that Sir William G. Armstrong, C.B., F.R.S., was 
transferred to the class of Members of the Institution of Civil 
Engineers in the year 1854 and not 1865, as incorrectly printed 
in the list of members just issued. 

Sree. Rattway Careiaces.—Railway carriages largely 
constructed of steel are to be made for the Mont Cenis Railway, 
and carri of like construction are to be introduced upon one 
or two of the Indian lines. 


IRON MELTING. 


In every ewt. of coal there are, upon the average, 
14 lb. of sulphur. Coking may be so conducted as 
to drive off a portion of this, but in, perhaps, the 
majority of cases, all the sulphur is retained in a 
lessened weight of coke. In other words, while the 
coal may have contained 14 Ib. of sulphur per ewt., the 
70 lb. of coke made from each ewt. still retains 14 lb. 
of sulphur, equal to more than 2} 1b. for every 112 lb, 
of its own weight. Founders’ coke, such as that 
brought from Durham, should be as free as possible 
from sulphur. It exists in combination with iron, and 
in the cupola the sulphide appears to combine with the 
charge melted down. That iron does take up sulphur 
in the cupola appears to be proved by the practice with 
the Bessemer process. It is known that a Very small 

roportion of sulphur in the iron renders a Bessemer 
ingot worthless, or nearly so, and it is found that with 
irons originally free from sulphur, they cannot be worked 
successfully when melted down in a cupola in direct 
contact with the fuel. The want of strength in the 
ingot, when poured from me‘al thus melted, goes to 
show that the iron has been contaminated while in 
course of melting, and the sulphur can have come only 
from the coke employed. In all cases we believe, ex- 
cept where, as in Sweden, iron is run direct from a 
charcoal blast furnace into the converter, the re-melting 
for the Bessemer process is performed in a reverbera- 
tory furnace, so as to keep the fuel out of contact with 
the iron. 

The superior strength of charcoal iron is reasonably 
attributable to the absence of sulphur and other im- 
purities in the fuel employed in smelting it; and any 
subsequent acquisition of sulphur, in working, could 
only be expected to injure the iron. From its freedom 
from sulphur, peat, if it could be so prepared as to 
bear a burden in the furnace, would be excellent for 
melting iron. 

Until very lately, we have never heard the belief 
disputed that the reverberatory or air furnace was the 
best for melting iron for castings requiring great 
strength. It appears, however, that Colonel Wilmot 
is ridiculed for having adopted these furnaces for the 
gun factories at Woolwich, at the time when, some few 
years ago, Government commenced the manufacture 
of cast-iron guns there. We believe that the military 
authorities of the United States have given more 
attention to the selection and founding of iron for 
cast-iron ordnance than those of any other nation, 
and they have no guns cast otherwise than from 
air furnaces. In these the iron is kept in fusion 
for two, three, or even four hours after melting, and 
it was once the practice to remelt the iron, once, twice, 
and occasionally three times, although this is not now 
done, as, although it gives increased cohesive strength 
to the iron, it makes it too hard. But the great abso- 
lute strength of the American cast ordnance, of 11 in., 
13 im., and 15 in. bore—and a few guns of 50 tons’ 
weight and 20in. bore have been cast and success- 
fully proved—has been attained by careful selection, by 
prolonged fusion in the reverberatory furnace, and by 
casting the guns upon a core having a circulation of 
water kept up through it for several days after the gun 
is cast. The iron from these guns has a tensile 
strength approaching that of wrought iron, ranging as 
it does from 13 to 18 tons. What it would be if 
melted in a cupola we do not undertake to say, but it 
would not be so great, nor probably would there be the 
same advantage in keeping the iron long in fusion, if 
it were melted in a cupola. For very strong castings, 
every founder who has had experience with both, will 
prefer the reverberatory furnace to the cupola, Such 
castings as may be best. cast from an air furnace are 
the rolls, gearing, housings, &c., of rolling mills, and 
sugar mills. But we are now likely to have still 
stronger castings made from a mixture of cast iron 
and steel. 








Travian Ratways.—Mr. Abernethy is engineer to the Turia 
and Savona Railway, a line which will have, in all, about six 
miles of tunnels. On the first section, from Savona to the Sella 
tunnel, 9} miles in length, nearly all the works have been exe- 
cuted. The Sella tunnel, upwards of 14 mile in length, isa 
difficult work, but now may be considered as completed. The 
third section, 10} miles, from the Sella tunnel to the Belbo 
tunnel. is nearly half completed. The Belbo tunnel, 25 miles 
in length, is expected to be completed next summer. | The -_ 
section, from the Belbo tunnel to Carmagnola, 48} miles, will 
completed at the same time as the rest of the railway. ‘The 


Jai i been commenced. 
works on the Cairo and Acqui branch have not been a tke 


Mr. Abernethy, the chief engineer, reports generally bok 
works on the line have been well executed throughout its whole 
length. 


, . the 
New Coat Company.—A prospectus has been issued of 
National Coal Company, with a capital of 50,0002, in — 
of 504, to establish coal depots at the east-end of London 





elsewhere to be supplied by the Great Eastern line. 
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THE ACTION OF SPRINGS. 


Ir is well known that a blow inflicted, say upon a 
ports, is far 
at girder if 
applied directly, than if the blow were received by a 

ing, and by it transmitted to the beam ; but it is not 
so generally understood why this ghould be the case. 
The reason is this—when a blow is received by the 
which the blow is struck has stored 
amount of work, which work must 
an equal amount of work per- 
before equilibrium can be restored. 
be expressed as force multiplied by 


cast-iron girder stretched between two — 
more likely to produeg the fracture of t 


sprig, 


beam, the 
within it @ 
be c 

formed by 
Now work may 
the distance through w: 
components foree and 


body by 
by 
the beam, 


h such force is exerted, the 
distance being convertible. A 


beam, therefore, when resisting a blow, may either 
during such deflection a 


deflect. slightly, exert 

owerful ~ 20 om or it may resist but slightly, the 
heflection —_= this case proportionately greater. 
In either case the work done must be the same. 

If, therefore, the nature of the beam is such that 


great deflection can take place without injury, the 
ultimate st h of the beam necessary to resist a 
given blow be less than when a stiffer beam is 


employed; and, in the same way, if a spring is inter- 
nosed between the heam and the body by which the 
~~ is inflicted, this spring, by giving what may be 
termed an artificial ¢ icity of the beam, lessens the 
maximum strain to which it is subjected. In other 
words, it may be said that @ spring decreases the 
intensity of the strain imposed by a blow by increasing 
its duration, 

We may now define more exactly the extent to which 
a certain amount of elasticity in a spring affects the 
strain put upon its support by a given blow, and this 
may perhaps be better explained by an example than 
in any other way, Let us, for instance, compare the 
respective strains put by a weight of 1 ton falling from 
a height of 10 ft, upon two springs, one deflecting 1 in., 
and the other 4 in. per ton of static load, the springs 
being supp to be constructed so that this rate of 
deflection can be carried to a considerable extent with- 
out injury, and the melitvis effect of the inertia of 
the springs themselveg » 4 disregarded. The 
amount of work contained 4 the weight at the 
time of its striking the sp will, in each case, be 
2240 x 10= 29,400 foot-pounds, and (neglecting for 
the present the further amount of work developed by 
the weight falling through the distances which the 
springs are gompressed) the springs will be deflected 
until the extent of such deflection, multiplied by the 
average resistance of the spring, is also equal to 22,400 
foot-pounds, As, moreover, the average resistance 
exerted by a apring during its compression is evidently 
equal to half its maximum resistance, the maximum 
resistance multiplied by half the deflection, must in the 
case above supposed ual 22,400 foot pounds. 

If a gr y iner load be applied to any 
spring, the work expended in thus producing any given 
deflection will be equal to the extent of such deflection 
multiplied by half the load required to produce it; 
thus, in the ease of the more flexible of the two springs 
chosen for our murs, He effects of a series of gra- 


dually applied loads will be as follow : 
Gradually applied load. Deflection Work expended, in 
Ib, produged. foot-pounds. 
26,000 se nee Athy we 13,440 
oO ie 53,760 . 
’ ere ove ” oe 120,960 
and soon, We thus see that the gradual q 


plication 
1 may be 
coupled 

b them, result in the for- 
a series of amounts of 


of aseries of loads, the proportions of whic 


represented by the numbers 1, 2, 3, &., will, 
with the deflections caused 
mation of what may be call 
work having the proportions of the squares 1, 4, 9, 
¢. The number of foot-pounds of work expended in 
Compressing the spring any given distance, will thus 
: equal to the square of the deflection in feet, multi- 
P ied by half the pressure in pounds which is required 
~ compress the spring one foot. This may probably 
: more clearly expressed algebraically thus ; Let D= 
ie deflection ‘produced, in feet; R=the pressure re- 


Le to an te sing 1 ft,, and P=the number 
:pounds of work expended in producing a given 
flection, D, Then; ie oe 
DPR 
Pang -Q) 
or, if P is the given quantity, 
2P- 
Dee ~ (2). 
' We are now in & position to compare our two 


‘xamples, The work expended in compressing the 


springs must, as we have already stated, be equal to 
that accumulated by the falling weights, or 22,400 
foot-pounds ; this, therefore, will be the value of P in 
the formula. The value of R will be 26,880 lb. for the 
more flexible, and 107,520 Ib. for the stiffer spring, 

In the case of the spring deflecting 1{n, per ton, 
the deflection caused by the blow will be equal to 

224.00 x 2 

96380 =71.666 ft.; and in the case of that 
deflecting } of an inch per ton it will be equal to 

22400 x2 wien 

107590 =¥0.4166 ft. The quantities 1,66 and 
0.4166 are to one another as 4 to 1, and thelr square 
roots are therefore as 2 to 1, or the deflection of the 
more flexible spring produced by a given blow would 
be twice that of the stiffer example, As, however, the 
strain put upon the supports by any given de 
of the springs is four times as great in the one case as 
in the other, the support of the stiffer spring (although 
that spring is only deflected half as much as the other) 
sustains a maximum strain twiee as great as that in- 
curred by the support of the more flexible spring; or, 
in other words, the maximum straine imposed upon the 
supports vary inversely as the aguare roots of the numbers 
representing the elasticity of the springs, 

The results above given are correct when the blow 
is inflicted in such a manner that no fresh work is 
accumulated during the deflection of the springs—the 
buffer springs of railway carriages, for example, are 
subjected to blows of this kind when the vehicles are 
on a level line, but they are not precisely accurate 
when the blow is produced by the impact of a falling 
weight, as the work accumulated during the descent of 


resistance of the latter amounts to twice the weight 


i q 

he above reasoning shows that when the blows of 
light weights, moving at a high velocity, are to be re- 
sisted, flexible springs will enable this to be done with 
much less strain upon the structure supporting them 
than if stiffer springs were employed; and that, if on 
the other hand, the blows are inflicted by heavy weights 
moving slowly, the extra flexibility of the springs will 
be of little use unless the blows are given in such a 
manner that no work is accumulated during the de- 
flection of the spring. Toa certain extent the formule 
we have given would apply equally well to beams or 
girders, these being really exceedingly stiff springs, if it 
were not that the weight of such structures being con- 
siderable their inertia would be too great to be neglected 
as it has been in the case of springs. The practical 
application of the principles which we have explained 
we must leave until a future occasion. 











SETTING CORNISH BOILERS. 


We last week gave a description of a method of 
setting Cornish boilers, and we now present our readers 
with a transverse section of such a boiler 5 ft. in dia- 
meter, showing the arrangement of supports and flues 
recommended, In cases where the fire brick blocks 
upon whieh it is shown to be bedded, cannot be 
obtained, the supporting walls may be built up into the 
form shown of ordinary fire bricks set in fire clay. 

If the boiler to be set has two internal flues, it is of 
less consequence that the flame should be carried along 
the bottom of the boiler before being admitted into the 
side flues, as in such a boiler the circulation is 


the weight through the distance D, is not allowed for. | generally more perfect than in one with a single flue. 
Hitherto we have assumed P to be equal to W H—| It is, he 3 preferred by some engineers to set double 
W being the weight of the falling body, and H the 

height (in feet) fallen—-but, in order to allow for the . 

work accumulated during the deflection of the springs, 


it should, when the blow is inflicted by a falling body, 
be taken as equal to W H+-W D, The first formals 
will then asswne the form: 


W H+W Derk (3). 


Eliminating D, and reducing the quadratic, this equa- 
tion hecomes : 

@WH, (w\?,W 
Dar/ “aT 'e + R 


If the spring be struck by a body projected vertically 
wpwaaate the upward movement of the body during 
the deflection of the spring will reduce its momentum, 
and the formula for calculating the deflection will be: 


eee 


(4). 





flue boilers, so that each of the internal flues communi- 


TWH, (Wy: : A 
Da/ ay —+(> ow ooo = (8), cates directly with one of the side flues, ‘This mode of 
R . R R setting, poe Poo with the practice of alternate firing, 
The maximum strain S, imposed upon the support of| enables the bright flame P som the one grate to be 
the spring will be : brought in contact with the but partially consumed 
S=aDR ... nk oe (6), gases escaping from the other, at the point where the 
When the blow is inflicted by a light weight falling | side flues join that which runs along the bottom of the 


from a great height the difference between the results 
obtained by formule 2 and 4 are practically incon- 
siderable, but if the power of the blow is derived from 
the fall of a great weight from a small height, the 
fourth formula should be employed to calculate the 
amount of the deflection, a Senos the maximum 
strain imposed upon the supports of the spring, as 
in this latter instance the work accumulated during the | flue independently, The direction of the draught ad- 
descent of the weight through the amount of the de-| vocated for single flue boilers, is of course retained in 
flection may be considerable, and a flexible would thus | this case. 

have less Sivuutage over a stiffer spring. This will be 
apparent if we consider the extreme case of equal 
weights being merely laid suddenly on each of the two 
springs which we have already used as examples. The 
work accumulated in this case will be only that de- 


boiler, and the consumption of smoke is thus 
facilitated, We think, however, that the same results 
ean be better obtained by carrying a thin parting wall 
down the end of the boiler, between the two flues, thus 
connecting each separately with the flue along the 
bottom of the boiler and allowing a damper to be in- 
troduced for regulating the draught from each internal 








Gas PoriFication,—Dr. Letheby has become involved in a 
sharp newspaper correspondence with one of his former pupils, 
Mr. C, H, Weed, as to his claim to the discovery of the property 
of soda waste as a purifier of gas from sulphur compounds, 
Mr, Wood claims the discovery for himself and Mr. Barret, and 

































































veloped by the fall of the weight through the amount 
of the deflection and the maximum strain will be found 
to be the same in both eases and to be equal (as in the 
case of a sudden load applied to a beam) to twice the 
weight applied, The formula will be ; 
D=2 K (7). 

The reason why the maximum strain is equal to twice 
the sudden} ap ied load is, that the work accumulated 
by the weight falling through the extent of the deflection 
is equal to the product of the weight and space fallen, 
whereas the resistance opposed by the spring increases 
gradually from nothing, and the work accumulated by 
its compression is at any point only equal to half its 
resistance at that point multiplied by the distance to 
which it has been compressed ; the work contained in the 
falling weight is therefore not balanced by that accu- 





Mr, Wood, at the request of Mr. Harris, Engineer to the Great 
Central Gas Company, undertook experiments at that company’s 
works on the removal of sulphur by soda waste. Mr, Lowe, it 
ap) as long ago as 1846, suggested the use of glkaline 
sulphides in the removal of sulphur compounds from gas, and 
Mr. Hawkesley is understood to have recommended a like process 
as the result of independent observation and inquiry. M. 
Ellisen, also, in @ report published in 1864, recommend®d the 
London gas companies to try the experiment of passing their gas 
over alkaline sulphurets, for instance the sulphuret of calcium. 
Dr, Versmann long ago showed that the sulphurous acid set free 
in an ordinary evening’s consumption of gas, is less than that 
generated by the matches employed in lighting it. wh 

Tue New Anzxsruetic.—Biehloride of carbon, or as it is 
now being called, chlorocarbon, is an anmsthetic differing from 
chloroform, by the substitution of one atom of chlorine for the 
single atom of hydrogen in the formula for chloroform. Thus, 
while the latter is CgHCls, chlorocarbon is CgCICly, Chloro- 
carbon has much the same appearance and taste as chlorofarm, 
but it is of greater specific gravity, and has a higher bojliug 





mulated during the compression of the spring until the 


point. It is taking its place in surgery. 
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DAVY’S STEAM HAMMER. 


Tue subject of our illustrations is one of a class of ay 2 
hammers, made by Messrs. Davy Brothers, of the Park Iron 
Works, Sheffield. The hammer head, which weighs 4 cwt., and is 
worked by a piston 8 in. in diameter, slides between guides formed 
in the frame, which is of the ordinary “ Nasmyth” pattern. 
The steam is admitted both above and below the piston, the 
sliding valve by which the supply of steam is regulated being 
made, as shown by the left-ha1d_ figure, so that the port in the 
valve face leading to the bottom of the cylinder, can be opened by 
the movement of the valve before that leading to the top of the 
cylinder is uncovered. This is effected by making the lap of 
the valve beyond the upper port greater than that over the lower 
one. The distribution of the steam is effected by piston valves 
formed upon a spindle which is moved vertically by the action 
of the hammer, in a manner which we will now describe. 

In the face of the hammer head is formed a groove, inclined 
outwards towards its upper end, and in this groove works a block, 
carried by a short lever, oscillating upon a pin fixed to the 
frame of the hammer. 

This lever, which is made as shown in the front elevation of 
the hammer, is also connected with the spindle of the piston 
valves. If the hammer is at the bottom of its stroke, the steam, 
when admitted by the opening of the regulating valve, can pass 
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through the lower port of the valve face into the valve cylinder, 
and thence through the notches in the top of the lower piston 
valve to the passage leading to the bottom of the cylinder. On 
the hammer head being raised, the inclined groove causes the 
block working in it to be drawn towards the centre of the 
hammer, and the motion thus given to the lever carrying the 
block, raises the valve spindle. By this means the bottom of the 
cylinder is placed in connexion with the lower exhaust passage, 
and if the regulating valve is sufficiently depressed, the steam is 
at the same time admitted through the upper port into the valve 
cylinder above the central piston. From this space it passes 
through the notches on the lower side of the upper valve to the 
top of the main cylinder, and thus forces down the piston. During 
the upstroke of the hammer, the upper end of the cylinder is in 
communication with the upper exhaust passage through the 
notches on the upper side of the top valve. 

The upper and lower exhaust passages are connected by a 
pipe 2} in. in diameter cast upon the side of the cylinder, and 
the piston valves, by which the steam is distributed, are 3§ in. 
in diameter. The main piston and piston rod are of wrought 
iron, forged solid, the piston being packed by three of Rams- 
bottom’s rings. The piston valves and spindle are also made in 
one piece, and indeed the hammer generally consists of as few 
parts as possible. 

We believe that Messrs. Davy Brothers have now made a 
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DAVY BROTHERS’ STEAM HAMMER. 
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number of these hammers, many of which have been used very 
satisfactorily for tilting steel, a purpose for which the high speed 
at which they can be worked renders them particularly ap- 
plicable. The larger hammers made by the same firm have 
“ overhung” frames, but the valve gear is arranged in a similar 
manner to the one just described. Our illustration was pre 
from working drawings of the hammer, kindly furnished by the 
manufacturers. 





Tue Price or ManuracrureD IRON AND SreEL.—Com- 
petition and improved modes of working have greatly diminished 
the prices of many manufactured forms of wrought iron an 
steel within the last few years. Where 44 in. armour plates not 
long ago cost upwards of 40/. per ton, 9 in. plates are now made 
at 332. per ton, and 6 in. plates at 291. 5s. Where iron bridge 
girders not long ago cost upwards of 20/. per ton, many are ae 
made as low as 13/. 10s. Light rolled iron joists of I section are 
sold as low as 87. 10s. Tenders for iron roofing, at 15/. pet 
ton, have been lately refused by companies whose managers 
alleged that they could get better quotations. Krupps at 
tyres, as most of our readers are aware, have been rapidly 
cheapened from 120s. to 45s. per ewt. Since the meeting of the 
representatives of the Bessemer licensees, last week, in = 
we learn that Bessemer rails are not again to be offered at so low 
a price as 12/. per ton. 
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A PAPER LOCOMOTIVE. 


Tue continental engineers are always making most 
extraordinary machines upon paper. Occasionally 
these schemes are embodied in actual iron and brass ; 
but it sometimes happens that the result is anything 
but satisfactory, and now and then perhaps the schemes 
are in themselves impracticable. In the Paris Exposi- 
tion of 1855 was exhibited an engine which had four 
coupled —— wheels 9 ft. 4 in. in diameter, and having 
the driving axles over the boiler, and a great cylindrical 
steam chamber above. The whole conception was 
very bold, but the engine has never run a thousand 
miles for any useful purpose, and it is still, we believe, 
resting ingloriously at Batignolles. M. Beugniot’s 
enormous locomotives, made at Mulhouse, have done 
better, but: we cannot believe that they will ever be 
largely adopted in practice. The Semmering engines, 
as described by us in our last number, represent so 
many unsuccessful attempts, for not one of the re- 
markable designs and experimental engines brought 
forward has attained permanent adoption. We do not 
wish to be ungenerous, but we think the continental 
locomotive engineers are apt to attempt too much, 
and that their designs often exhibit a want of good 
judgment. 

In 1832, Mr. Horatio Allen, of New York, and who 
is widely known as the constructor of the engines of 
the Adriatic, and those of several of the former Collins’ 
steamships, made four locomotives for the South 
Carolina Railway. The boiler was supported upon 
two bogies, each having a pair of driving wheels and a 
pair of smaller carrying wheels, the two pairs of driving 
wheels being placed towards the mid-length of the 
boiler. Each pair of driving wheels was worked by a 
single cylinder, one upon each bogie. These engines 
were not long in use, but they were nevertheless 
worked with considerable success. They had been 
designed in order the better to distribute their weight 
of, say, 8 or 10 tons, upon a light strap rail, as then 
employed upon American railways. Mr. Allen’s double 
bogie engine, and other peculiarities of American loco- 
motive practice, were made known, and to a consi- 
derable extent adopted, in Austria, during the time 
when William Norris was conducting a locomotive 
establishment, as a branch of his Philadelphia house, in 
Vienna. Mr. Meyer, indeed, embodied many features 
of the Norris engines in his own practice, and it may 
be remarked that the adjustible expansion valve, so 
commonly attributed to Meyer, was that patented by 
Mr. Horatio Allen in 184]. On the occasion of the 
Semmering competition, in 1854, two double bogie 
engines were produced and tried, and in the Inter- 
national Exhibition of 1862 Mr. Meyer exhibited a 
design for a double bogie, twelve-wheel engine of 60 
tons weight. The idea has been since further elabo- 
rated by Mr. Fairlie; and now a Monsieur Thouvenot, 
a Swiss engineer, has reproduced it in a design for a 
goods engine to weigh 82 tons. In this case M. 
Thouvenot has literally made a paper locomotive, and 
his design is even impracticable. He proposes to 
mount a boiler 5 ft. in diameter, and with a water level 
nearly 40 ft. long, upon two six-wheel bogies, each 
having a pair of 233 in cylinders, the pistons having 
254. in strokes. The boiler is to have a double firebox 
midway of its length, and to have two barrels, extend- 
ing respectively to two smokeboxes at opposite ends, 
the extreme length being about 50 ft. The steam- 
tractive force of each bogie is estimated at nearly 10 
tons, or twice as much as that of the Great Northern 
goods engines, and yet the whole work of both bogies 
is to be transmitted through the boiler to the train. 
We do not believe that so large a boiler, constantly 
subjected to great and varying strains throughout its 
length, could ever be kept tight and safe. The design, 
moreover, does not admit of any direct connexion irre- 
spective of the boiler, between the separate bogies, as 
was provided by Meyer, and also by Mr. Fairlie. But 
It is with respect to what Mr. Burgh would term 
“the correct locality of detail” that M. Thouvenot’s 
design is hopelessly impracticable. The cylinders are 
fastened to nothing, and there is nothing to which to 
secure them. The axles have inside and outside journals, 
yet the centre of each cylinder is more than 20 in. out- 
side of the outer edge of the axle boxes. First, on the 
outside of the outer axle boxes are the eccentrics; 
hext is a stout crank arm, keyed on, to take the 
coupling rods for working the three pairs of wheels 
of the bogies. The main connecting rod works upon the 
Outer extremity of the main crank pin, and, to increase 
the strain upon the latter, the connecting rod, instead 
of following the line of the piston rod, bends towards 
the wheel. The cylinders are so placed that, although 


not be taken out in the ordinary manner. This results 
from placing the respective pairs of cylinders so that 
they face the opposite sides of the firebox, the 
cylinder faces being but a few inches from the firebox. 

he cylinders are nearly, or quite, 14 ft. from the 
respective smokeboxes into which they are to discharge 
their steam, and the exhaust steam pipe, instead: of 
being carefully clothed to prevent condensation; is 
taken through a water tank under the engine, so as to 
give off as much heat as possible to the feed water. 
lt may be that, after the feed water was once heated 
to boiling, enough waste steam would be left for 
generating a draught in the chimney, but it appears to 
us that the condensed steam, or water, in the exhaust 
om would cause a very great back pressure in the 
cylinders before it could be blown out. We should 
expect this pressure to be from 101b. to 25 lb. per 
square inch. 

The midfeather, dividing the firebox into two, is 
8 ft. or 9 ft. wide below, and but about 4 ft. where its 
steam would be disengaged at the water level. With 
the full heat of an enormous firebox on both sides, and 
with such restricted means for the circulation of water, 
it would be only in accordance with long experience 
to suppose that this water space would soon burn out. 

M. Thouvenot, apparently doubtful whether the 
adhesion afforded by the whole weight of his engine, 
82 tons, will be sufficient, has provided a shaft,-worked 
by coupling rods, and carrying a wheel taking a pitch 
chain to be connected to the wheels of the carriages to 
be drawn, so as to utilise their adhesion in addition to 
that of the engine itself. 

He has not, however, given drawings of the rolling 
stock which is to withstand a direct tractive force of 
20 tons, or so, at slow speed. Such a strain on the 
wagons or carriages next the engine might be ex- 
pected to pull ‘them to pieces, when considered in 
connexion with the jerks and jolts likely to attend 
such an excessive draught. The motive power pro- 
vided should be capable of drawing trains of 4500 
tons on a level, and trains of nearly 300 tons, in addi- 
tion to the weight of the engine, on inclines of 1 in 
20. We shall not attempt to say that engines may 
not yet be constructed for such work, but we will 
venture the prediction that they will not be made 
exactly as M. Thouvenot has designed them. 








GAS RETORTS. 

Wuite there are many gasworks in which one-half 
or more of all the coke made is consumed under the 
retorts, there are others in which but one-fourth or 
even less suffices. The Phoenix Company have, we 
believe, brought down their consumption to as little as 
18 per cent. of the whole quantity of coke made at their 
works. Formerly the fire grates were too large, the 
heat was not made to thoroughly envelope the whole 
of the outer surfaces of the retorts, the brickwork 
setting was too thin, and the draught was too great. 
For benches of seven 9 ft. clay retorts of average size, 
the fire grate in some cases has been made but 8 in. 
wide for a length of 3 ft. A width of 16 in. had been 
previously adopted. With the diminished width a 
mixture of half coke and half coal was employed for 
heating the retorts. The brickwork setting can hardly 
be too thick. Its outer surface should never be so hot 
but that one may walk upon it without injury to the 
soles of his shoes, and wherever the heat is seen to 
glimmer from any of the outer brickwork, we may be 
sure that waste is going on. ‘Two feet of solid brick- 
work all around a bench of retorts is not too much. 

In the practice of many gas engineers, short chimnies 
are now preferred, one to every two or three benches. 
A good chimney, of such thickness as to lose but little 
heat by radiation, and 140 ft. high, will give a draught 
of about eight-tenths of an inch of water, and will draw 
with a force of two-tenths from the distant end of a 
range of retorts extending 150 ft. away. In this case 
the outlet flue from the arch of each bench is but 9 in. 
by 4in., or of 36 square inches area. Where short 
chimnies, rising only to the level of the roof, are 
adopted, the outlet flues require to be larger as the 
draught is not of course so strong. 








INVASION OF HAMPSTEAD-HEATH.—Two railway companies 
have entered the field to invade Hampstead-heath. Mr. 
Bazalgette, the engineer, in a report made to the Metropolitan 
Board of Works, states that the North Metropolitan Railwa 

proposes to make an open cutting through the heath at a depth 
of 54 to 56 ft. below the surface, thus, curtailing its area und 
severing it from Parliament-hill for about three-quarters of a 
mile. The Metropolitan and St. John’s-wood Railway Extension 
to Finchley is also proposed to cross the heath for a length of 
about three-quarters a mile, partly on anembankment, partly in 
cutting, and for about 250 yards in tunnel, which will also 
materially curtail the area of the heath and interfere with the 





the covers can be barely got off, the pistons could 


Tue Merropouitan District RatLway.—The new works 
upon that portion of the Metropolitan District Railway, between 
Buckingham-row and Westminster, are of considerable difficulty. 
The Freehold and Geueral Investment Company have a large 
block of carcass houses near the cutting, and alleging that they 
have found recent cracks in their walls, brought a motion for 
injunction on Wednesday, before Vice-Chancellor Kindersley, to 
restrain the railway company from continuing to move or disturb 
the soil in the space between the wall of the plaintiffs’ buildings 
and the line of the railway until by underpinning, or other 
a and effectual means, the buildings were secured from 

urther subsidence or other injury. An interim order was ob- 
tained last week to the above effect, his Honour considering that 
such relief as the evidence then adduced was within the scope of 
the prayer of the bill. It appeared that the plaintiffs had in 
1864 purchased a large block pom houses in Victoria-street, 
Pimlico, and had contracted with a Mr. Parsons to complete 
them in two years. The defendants’ railway extended (within 
the limits of deviation) up to the back wall of the plaintiffs’ 
premises, and the sides of the railway were sustained by means 
of “counterforts”—that is, spaces at intervals of 10 feet being 
filled with concrete, which became solid, and the intermediate 
10 feet being filled with gravel or other soil. About a month 
since it was alleged to have been discovered by Mr. Stansby, 
acting on the plaintiffs’ behalf, that certain cracks had taken 
place in the cement of this wall, and also in the wall itself, and 
after some communication with the persons engaged in the 
works this bill was filed, stating these facts, and also that in 
ro ng last the defendants had stated that they should be 
able to pass the premises without interfering with them. A 
great many affidavits were read on the plaintiffs’ part by Mr. 
Charles Barry, Mr. Barlow, Mr. Legg, and others; and on be- 
half of the defendants by Messrs. Hunt, Bazalgette, and Fowler, 
the engineers, Mr. Kelk, and others, the latter referring to 
hegotiations in writing and otherwise with respect to purchasin 
the block of buildings for 27,000/., or as to the terms on whic 
the company would be allowed to underpin. -namely, 2,000/— 
and the above-named gentlemen giving it as their opinion that 
the cracks were not serious, would not produce the effects antici- 
pated, nor was there any danger to the buildings, it being pos- 
sible to continue the works without injury to the premises. 
Moreover, that the cracks were not greater than would be found 
in every house in Westminster, and were generally caused by the 
unequal pressure of superincumbent matter. Moreover, the soil 
was differently represented. ‘The Attorney-General, Mr. Glasse, 
and Mr. Speed, for the defendants, contended that the under- 
pinning was ultra vires, and the plaintiffs had themselves avowed 
that they would obstruct the obtaining of any such power. The 
evidence quite displaced the plaintiffs’ case. Four o'clock having 
arrived, when Mr. Glasse and Mr. Speed had yet to be heard, 
his Honour suggested that, as the case could not be concluded, 
whether some arrangement as to its standing over could not be 
come to. It was then agreed that the company should give an 
undertaking as to damage, and that the plaintiffs should accept 
it, and the motion stand over till the next seal. 

Waces 1n Mancuresrer.—The Lancashire Steel Company, 
in a circular respecting the prices of files, state that they have 
accorded an advance of 10 per cent. upon the wages of their 
workmen. 

A Loap ror A Traction Encine.—The basement of the 
Wellington memorial at Strathfieldsaye is of Cornish grey 
granite, and weighs 31 tons. - It was brought up by a train from 
Cornwall to Reading, and transferred from the railway to a 
strong carriage supplied for the purpose by a London firm. To 
convey this mass of stone two traction engines were engaged 
from aed Aveling and Porter, of Rochester, Kent. One of 
these arrived in Reading on Monday morning, and caused no 
small commotion among the people in the streets through which 
it passed; the second engine was delayed several hours at 
Taplow, it was stated, in consequence of some damage to one of 
the tubes. In the interim, at a somewhat late hour on Monday 
evening, it was thought desirable to make a start with the one 
engine. Accordingly it was attached to the carriage upon which 
was the stone, and the road being on an incline, it proceeded at 
a steady pace from the lower station to the Caversham-road, but 
the flatness of the surface at this point proved the load to be too 
heavy for the engine, and it came to a standstill. Another effort 
was made to go on; the engine strained, and actually reared up, 
so ponderous and heavy was the granite block when on the 
straight line of road. In the course of the night the second 
traction engine arrived, and about 8 o’clock on Tuesday morning 
a start was made. The soft state of the roads several times 
checked the progress of the train, but the longest delay occurred 
opposite the railway gates in Friar-street, where the wheels of 
the carriage had sunk several inches in the ground, and further 
progress for a time was impossible. Screw jacks and other 
implements were brought into requisition, and in about an hour 
another start was effected. The train went capitally along the 
upper part of Friar-street, and in the Market-place one engine 
sufficed. A careful examination had been made of the various 
culverts and bridges over which the train would have to pass, 
and as the archway over the Holy-brook, which passes under 
some houses in High-street, was feared to be in too weak a con- 
dition to admit of such a pressure as the train, timbers were laid 
across so as to obviate injury to the arch. The arrangement 
proved highly successful. Some anxiety was felt with regard to 
High-bridge, though engineers expressed their betief, from the 
nature of its construction, that it would bear any amount of 
weight. Then the ascent was conceived to be too great for a 
traction eugine with 30 tons’ load to get up. The train, as it 
went along, showed the great strain there was upon the engines, 
and so slow did the pace become that at a distance spectators 
imagined it never could reach the top of the arch. However, 
the crown of the bridge was reached, and the people gave a 
hearty cheer as the train descended the bridge into London- 
street. These were the main difficulties contemplated, but the 
journey to Strathfieldsaye was not accomplished without expe- 
riencing checks from the wheels of the stone car sinking at 
laces into the ground. Mr. Aveling took charge of the engines ; 
Mr. Weightman, of the Great Western goods department, was in 
attendance; and Messrs. Freeman and Son, of Cornwall, from 
whose quarry the granite was supplied, were also with the train 








access from one part to the other of this much frequented spot. 








superintending the removal of its heavy burden. 
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THE DRAINAGE OF FRANKFORT-ON- 
THE-MAINE. 

Frawxrort-on-1H8-Marne has thus far been drained 
by open gutters, with cesspools for the house sewage. 
the authorities of that city, some time sinee, invited 
various engineers to give information and advice as to 
a better system of drainage, and many plats were 
received. Among these plans were the so-called parallel 
system and the vertical system. 

The former, proposed by Mr. Wm. Lindlay, M.L.C.E., 
of Blackheath, has “mains” of comparatively light 
— running parallel with the river, and lateral 

ranches of steeper gradients running into them on 
both sides. There are to be three or four such 
mains, at different levels (somewhat like our own 
main drainage), uniting in one large sewer, which is to 
discharge in the rivet below the town. 

The so-called vertical system, proposed by Mr. 
Eckhardt, the local city engineer, fos “mains” with 
steep gradients, at right angles to the course of the 
tiver, and tributaries of lighter gradients running into 
them from right and left, parallel with the river. The 
mains were to discharge in one large sewér along the 
river bank, which was to have its outlet in the stream 
below the town, and could be occasionally flushed by 
it in times of high water. This plan recommended 
itself on account of its lesser cost of construction, as 
tiany of the old sewers could be still made use of. 
Apart from this consideration, there is no doubt Mr, 
Tandley’s, as an engineering scheme, is the better of 
the two, as the steep gradients of the tributaries and 
the large volume of the mains insute in them a dis- 
charge without danger from stoppage. However that 
may be, this plan was adopted, more, we believe, 
because Mr. Lindley is a man of experience in 
such matters, he having constructed similar works 
in Hamburg. As soon, however, as the decision of the 
Board was made known, a fierce contention was insti- 
gated by the local engineers, who, stung somewhat in 
their amour propre, collected every possible evidence 
to prove the utter failute of the London or so-called 
English system, and as evidence of this kind is rather 
abundant, as we all unhappily know but too well, the 
weight of argument is thus far considerably on their 
side. For the last two weeks, the members of the 
Board have been pelted with quotations from the Zimes 
upon the sewage question, and with extracts from 
engineering journals. They have been harassed with 
public accusations, and irritated with private “ indigna- 
tion meetings.” 

The principal of the adverse party is an engineer by 


the name of Schmick, who has a plan, of an os Pp 
te 


as he styles it, of his own, but which has been inveri 
over ond over again in many forms and with numberless 
modifications. It consists in emptying the water: 
closets in small and accessible water and gas-tight 
eases, which are to be-daily emptied by the ordinary 

1cumatic cart, ot carried away like so many filled 
yottles; the same plan, which was proposed by this 
journal a few weeks ago, has been advocated persever- 
ingly by the writer of this letter, and recommended 
generally by eminent authorities. The household 
refuse water and street surface-washings are, according 
to his plan, to be carried away by smallet and cheaper 
sewers. 

To give our readers an idea of the style in which this 
sewage war is carried on in a German city, we translate 
here one of the paper projectiles with which the Board 
is being bombarded. It has been reproduced in in- 
mtbr *. copies whic! are flying all over town, so that 
the unfortunate members can hardly move but they are 
met with it at least a dozen times a day. 

Headed, “ Lindley or Schmick,” “ Kugland or Ger- 
many,” in the largest capitals, it dashes off in a series 
of short categorical questions and answers, in the fol- 
lowing lively manner : 

What desires (is desired by) Frankfort ? 

Ist. Daily removal of street dirt and house refuse 
water, 

2nd. Daily removal of sewage. 

3rd. Total removal of all eesspools and sewers now 
existing in the city. 

tth. Conservation of all its sewage for application 
to agriculture. 

What is objected to by Frankfort ? 

ist. The pollution of the river by sewage. 

2nd. The use of water-closets by compulsion. 

What is proposed by Mr. Lindley ? 

1st. Daily removal of street and house water. 

Qnd. Daily discharge of all sewage in the river, thus 
polluting it. 

8rd. Total removal of now-oxisting cesspools and 


sewers. 





4th. The compulsory use of water-closets by all the 
inhabitants. ; 

What is proposed by Mr. Schmick ? ; 

lst. Daily emptying of all water-closets, not in the 
river, but by means of an invention of his own. 

2nd. Conservation of sewage for agriculture. 

3rd. Removal of now-existing cesspools and sewers. 

4th. Water-closets furnished in houses by the 
authorities. 

What is approved in Mr. Lindley’s plan by Frank- 
fort ? 

Ist. The daily removal of street and house water. 

2nd. The destruction of all existing cesspools and 
sewers, 

What is objected to in Mr. Lindley’s plan by Frank- 
fort ? 

Ist. The pollution of the river. 

2nd. The loss of city sewage to agriculture. 

3rd. Compulsion in the use of water-closets. 

What is approved of in Mr. Schmick’s plan by Frank- 
fort ? 

All he proposes to do. 

What is objected to in Mr. Schmick’s plan by Frank- 
fort ? 

That he says nothing of, and proposes nothing for, 
the removal of street and house refuse liquids. 

What conclusion may Frankfort gather from this 
silence ? 

That Mr. Schmick requires a sewer-system in any 
case, which, however, need not be so expensive as Mr. 
Lindley’s system, as it is only to convey comparatively 
inoffensive liquids. 

What, in the opinion of Frankfort, should be done 
now ? 

A commission appointed, to which Mr. Lindley 
should be by all means invited, to examine Mr. 
Schmick’s invention, and judge of its merits, and if the 
report should be favourable, to try it without further 
ie on a limited scale in some part of the city. 

What should be done by Frankfort in case Mr. 
Schmick’s invention proves worthless ? 

Then, and not until then, should Mr. Lindley’s plan 
be adopted, in the silent hope that German nerves and 
German patierice will put up with the intolerable 
nuisances attached to it. 

What is, however, the opinion of Frankfort in case 
the trial of Mr. Schmick’s invention should be inde- 
finitely postponed or not come off at all ? 

That the responsibility of the awful results due to 
this neglect of duty will fe entirely at the door of those 
who are erttrusted with the solution of this problem. 

Our opinion is that this particular petard was pre- 
ared by some of Mr. Schmick’s very particular friends, 
and that notwithstanding it Mr. Lindley’s plan will be 
carried out, but only for the drainage proper of the 
town, while some such vessels or cases as Mr. Schmick 
has invented will be adopted in the removal of water- 
closet contents, that they may be applied to agriculture 
instead of poisoning the beautiful stream on which 
Frankfort is sitiiate. (Prom our Correspondent at 
Frankfort-on-the-Maine). 








COAL-BURNING IN LOCOMOTIVES. 


A FEW years ago, whien railway companies first 
began to substitute coal for coke as a fuel for their 
locomotives, many arrangements, more or less complex, 
were designed for enabling its combustion to be 
effected. Gradually, these » Be have been abandoned, 
and at the present time the majority of coal-burning 
locomotives on English lines have boilers and_fire- 
boxes ahnost exactly similar to those adopted when 
coke was used, the only modification being the pro- 
vision of some simple arrangement for admitting a 
supply of air above the burning fuel. 

ius, on the London and North-Western Railway, 
Mr. Ramsbottom uses for his ¢oal-burning engines an 
ordinary firebox, with a fire-brick arch extending 
across it beneath the tubes, air being admitted above 
the fire by means of openings formed through the 
water space in the front of the firebox under the fire- 
brick arch. These openings are provided with doors 
or dampers, by which the supply of air can be re- 
gulated. On the Great-Eastern Railway the coal- 
burning engines are fitted with a “ deflector” or 
wrought-iron plate about 17 in. long and 2 ft. 4 in. 
wide, hinged to the back plate of the firebox 
just above the firedoor, and projecting downwards 
into the firebox at an angle of about 60°. This 
plate is furnished with # handle, by which it can be 
raised for convenience of firing when required. The 
firedoor is hinged at the bottom, and is made so that 
when shut it does not entirely close the opening, a 
small space at the top of the doorway being leurs left 











uncovered. ‘This is done in order that sufficient air 
may always be admitted to keep the deflector compara- 
tively cool and prevent it from bemg burnt away, even 
if the firedoor is closed. Generally, however, the en- 
gines are run with the fitedoors open to the extent of 
1} or 2 in. at the top, and, the — dampers being 
but slightly raised, a very considerable portion of the 
air admitted to thie firebox passes in through the door. 
way and is directed downwards on to —— fuel. On 
the North London Railway a “scoop” or bent plate 
inserted in the firehole is used in connexion with a 
fire-brick arch, arfaniged in a similar manner to that in 
the London and North-Western engines, the scoop 
being furnished with a handle by which it can be re- 
moved when required. Plans differing from those 
above mentioned only in slight matters of detail are 
also in use on many other lines, and, with careful firing, 
they give excellent results. We should mention that 
in each case the engines are furnished with a steam- 
jet in the chimney for maintaining the draught while 
the engine is standing. 

Whatever arrangement of boiler is employed, careful 
firing is indispensable in order that coal may be burned 
with success. The fire should not be too thick, parti- 
cularly in the front part of the firebox, and nearly the 
whole of the coal should be merely dropped in at the fire 
hole, and allowed to shake forward by the motion of the 
engine, this forward motion being assisted by the fire- 
bars being placed at a slight inclination. The fire should 
be frequently fed, small quantities of fuel being applied 
at a time, and all large lumps of coal should be broken. 
Care should also be taken that no holes exist through 
the fire. On approaching stations or places at which 
the steam has to be shut off, the steam-jet in the chim- 
ney should be opened, and the supply of air to the 
underside of the fire checked by closing the dainper, 
A good driver will always be careful to have a pretty 
clear fire when arriving at a station at which he is to 
stop for some time, and he can by this means, together 
with the precautions just mentioned, always avoid the 
production of smoke. 

The fires of engines working trains with frequent 
stoppages require more careful attention than those of 
engines making long runs, as it is difficult even with 
the most frequent firing to have a clear fire at eacli 
station. Even in this case, however, the application 
of the steam-jet and the judicious management of the 
firedoor and ash - damper will enable a careful mati 
to — making the engine smoke to any objectionable 
extent. 

It is probable that the system of Working trains by 
contract which is adopted on soine lities, is otie of the 
wer possible aids to successful coal - btitning. 

Vhete this system is in foree, each dtiver undertakes 
to work his trains for a certain sum per mile ; paying 
out of this sum his own wages and tltose of his fire 
man, together with the cost of the coal, oil, tallow, 
&c., consumed by his engine, and in some cases the 
expense of clearing atid small tepairs also. The sums 
paid to the drivers in this matmer vary from 2d. to 7d. 
or Sd. per mile, according to the description of train 
worked, and the number of miles run per day. Under 
these circumstances it is evidently to the driver’s direct 
interest to consume as little fuel as possible, and as the 
mode of firing which produces the most economical 
consumption of fuel also produces the least quantity 
of smoke, the contract system may be considered 
a great aid to smoke-prevention. 

So far as our present practice goes, it seems cet- 
tain that, with proper care, complex atrangements are 
quite unnecessary for the proper combustion of coal in 
locomotives, the rye firebox, with some of tlie 
simple appliances to which we have alluded, answerig 
every purpose. ‘The fire-grate area and the firebox 
generally may be made larger than when coke was 
used, with advantage; but other alterations do not 
seem to be required. 








Lirrs AT tut Post Orrice.—A few days ago an accident 
which might have been attended with serious consequences, oc- 
curred to one of the lifts at the Post Office. The lift consisted 
of a number of shelves or platforms attached to an endless 
chain, in a similar manner to the buckets of a chain pump, the 
chain passing over drums at the top and bottom of the lift. The 
chain is continually in motion, and a person wishing to ascend 
or descend has thus only to step upon a platform on the ascend- 
or descending side. The chains consisted of links connected 
together by pins, and on the morning in question the failure of 
one of these pins caused the breakage of the chaits, and comise- 
quent! , the fall of the series of platforms on both sides of the 
lift. The accident took place just after a number of the staff 
had ascended the lift, and although no one was injured, the es- 
cape was a very narrow one. The failure is supposed to have 
been occasioned by the pin which broke having been without oil 
and thus getting cut away, The affair points strongly to the 
necessity for a frequent and thorough examination of the chains 
of such lifts by persons qualified for the task. 
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MACHINERY FOR WORKING STEEL. 


Tue resistance which different metals oppose to cut- 
ting tools is almost directly as their own cohesive 
strength. And as steel has from twice to three times 
the cohesive strength of wrought iron, it can only be 
turned or bored at from one-half to one-third the speed 
adopted with wrought iron. In turning or boring 
hard steel tyres, the speed is but about 7 ft. per ininute 
as against 20 ft. or more for soft wrought iron; and oc- 
casionally a piece of steel, like the cranks of the Winans 
yacht, comes so hard that it requires a very long time 
to get a boring cutter through it. It is dot, however; 
in boring and turning only that steel exhibits such obdu- 
racy. Steel forgings require as witch greater force in 
their hammering as they afterwards require in fitish- 
ing. Five or six years ago it was doubted whether 
Krupp had actually set up a hammer, with a fallin 
weight of 50 tons, to forge his ingots, and yet lie had 
been compelled to do so in order to work them sound. 
Nothing like a 50-ton hammer, falling 10 ft, had been 
heard of before, yet it is practicable to mike a 1000- 
ton hammer, if it, were required. We are oftei in- 
clined to believe that mechanical progress is retarded 
by the needless iinportance which many —- are 
disposed to attach to exceptiviial dithensions. Whén 
12-ft. cylinders Were cast for the Haarlem pimping 
engines, and a 12-ft. blast, cylinder for the Dowlais 
blowing engine, it appeared to be understood that, no- 
thing larger could be ijaiiaged. Even thé 112-in. 
cylinder of the Coriish eligine at the Southwark and 
Vauxhall Waterworks, aiid which now rests upon the 
30-ton block of Cornish graiiite exhibited in tle Great 
Exhibition of 1851, was for a long tie regarded ag a 
tour de force. Then came Penii’s 119-in. cylinders for 
the Warrior, the Black Prince, and other war vessels. 
But if sich cylinders were required, they might no 
doubt be cast and bored up to 1000 inches in diameter. 
It was once considered a great work to mike a slotting 
machine of 150 tons weight for the Juaiieefield forge 
at Glasgow. But, were sich a machine requiréd, it 
would be quite practicable now to Binet a slotting 
machine of 1500 tons weight. , So with haijiiers fo 
steel ingots. The working of Besseitier steel is iigw 
introducing us to new plant of a Weight a§ fir 
beyond that of the machinery required for itoti; 
as the weight of these is beyond tliat of wodi 
working machinery. ‘Tlie, eiioriiidiis “cbBgiig mid- 
chine,” illustrated in our last number, is & base iti 
point. Its great rolls, 5 ft:1} in. in diainigter; titi. 
ing on journals 2 ft, throtigh And 18 ii: long, show 
what strength has been fotiiid reqilisite for wotking 
steel into shape: For hanitieting the ingots, Mr. 
Ramsbottom has for sonie tine 7 in use a fethark- 
able machine designed by himself, . It, consists pf two 
hammer blocks, having wheels rolling horizontally, the 
blocks being drawn towards edth other aiid tipox the 
ingot by means of a piston in a vertical stedii cylinder 
below. The force of a blow does not depend upon the 
direction in which it is struck, but upon the weight in 


motion, and upon the velocity with which it strikes. A | Pe 


weight falling from a height of 6 ft. 3 in. should, theo- 
retically, strike with a velocity of 20 ft. per second, or 
1200 ft. per minute; but if this motion be imparted to the 
weight at the moment of striking, in a horizontal, or 
even an upward, direction, the effect of the blow will 
be necessarily the same. With a large steam cylinder, 
and steam of 60 lb. per square inch, there is no diffi- 
culty in giving this rate of motion to two hammer 
blocks each of 10 or 15 tons’ weight, moving freely, as 
they do by means of their wheels, upon smooth rails. 
lhe top of the piston rod is connected by means of 
two pairs of inclined links with the respective hammer 
blocks. The whole arrangement dispenses with the heavy 
foundations ordinarily required, and it saves also the 
loss of the force otherwise absorbed by the anvil anid 
the timber and earth below it. Messrs. Thwaites and 
Carbutt, of Bradford, have made a duplex lidttither of 
great size upon this plan, patented by Mr. Ranisbottom. 
lhe increasing use of steel for axles, tyres, &c., has 
necessitated heavier and stronger engineers’ tools for 
turning, boring, planing, and drilling. Only the very 
best qualities of tool steel will answer for sich work. 
The rate of cut is necessarily so slow that it is de- 
sirable to put on all the force the cutting steel will 
possibly bear without crumbling. For sueh work 
engineers’ tools can hardly be too strong, and we are 
not sure but that the course which Mr. Menelaus, of 
Dowlais, once said he had had to pursue iti the case 
of rolling mill machinery and blowing engines, might 
be followed with advantage. Saic Mr. Menelaus, 
‘We first find what is the right and proper size for 
“the various parts, in order that they may do their 
“ work, and we then make them three times as strong.” 


Whether there be a contradiction or extravagance in 
such a remark, it has a certain application to the case 
of tools working in steel. 








WINDING ENGINES FOR THE MUGI 
INCLINES. 


Tue Mugi inclines on the San Paulo Railway commence about 
13 miles from Santos, the seaport of the province of San Paulo. 
They extend altogether about 5 miles, this distance being divided 
into four banks or lifts, of which the lengths are 5970 ft., 
5580 ft., 6560 ft, and 6690 ft. respectively, there being a level 
at each bank-hiead abot 100 yards long. The total height 
gained by these lifts is 2250 ft., the steepest gradient being 1 
in 9:75, and they connect the portion of the San Paulo Railway 
constructed upon the comparatively low land between Santos 
and Cubatiio with that on the high tableland forming the 
summit of the Serra do Cubatiio, on which the city of San 
Paulo is situated. 

The inclifiés are worked by means of ropes, with winding 
engines at the head of each bank. Of these engines we give a 
longitudinal section and plan on page 72, our illustrations having 
been prepared from drawings iandly lent by Mr. Brurilées; the 
engineer to tlié San Paulo line. The arrangement of the 
on the inclines is somewhat peculiar; on the lower patt.o 
batik,ani ordinary single line is laid; this extends nearly 
length of the bank, wheii it merges itito the crossing station 
shown by figure 3. At this crossing station the line branches 
into two firallel lines, each of sufficient, length to accommodate 
a train, atid these unite at the upper end of the crossing station 
into 4 road formed of tliree lites of rails, which extends to the 
top of the bank. In this triple line the central rails are placed 
vertically, aiid the duter ones are inclined inwards at an angle of 
1 in 60; the Up and down traffic being conducted on each side 
of the central rail alternately, as will be presently explained. 
At the epee the rails are arranged as shown by figure 4, 
the lines on each side of the central rail of the triple line bein 
united ifito ofé central line, and being also each connected wi 
a Bide line extending the length of the bank-head. At the 
tipper end of the bank-head the lines all unite into an ordinar, 
single line. A pair of engines are, as we have already stated, 
situated at cach bank-head. They are placed so that the crank 
shaft is parallel to the line of rails, and the rope from the 
winding drums is passed out over pullies so placed that one end 
can be led down the left-hand, and the other down the right-hand 
mip Seemed by the triple row of rails jist mentioned. 

mode of working the banks is as follows:—Let us sup- 

pose a down train to be waiting on the conti line, at one of 

the barik-Heads, and an up triiii at the bottom of the unk; 

the rope a ie same time extétidling from, the left-hand side 

line of the triple road (lookitig down the bank), round the wind- 

iiig drums, fe the right-hand side line as far as the crossing 
t 


Station, and thence down the single line to the bottom of the 
nk, where it js attached to the train to be hauled up. The 
itt at iy hatik-head is then shunted on to the left-hand side 

ine, ani thie rope corinected, and the engine being started, 

oad one train 18 made to descend and the other to ascend the 
ank, the dowd train on its arrival at the crossing station bein 

Loge alow @ left-hand and the up train along the right-han 
6 of rails. From the crossing station, the down train of 

course, thivétses the single line up which the up train had 

alre ae whilst the up train passes along the right- 
hand litie of the triple road to the top of the bank, where 
it, is tiitned into one of the side lines. With the next pair 
of trains the whole arrangement is reversed, the engine moving 
in the Opposite direction; and the down train traversing the 
right-lidiid, aud the up train the left-hand line of rails. The 
triple toad extending from the crossing station to the head of 
the bank enables the two lines of rope, which during the greater 
part of the time are traversing that part of the bank, to be kept 


rfectly clear of each other. Below the crossing station there 
is never but one line of rope in operation, and a single line only is 
therefore required. 

The winding machinery at the head of each bank consists of 
a pair of horizontal engines, arranged as shown by figure 1 and 
2, page 72. The engines have 2 ft. 2 in. cylinders, with 5 ft. 
stroke, the cylinders being 11 ft. apart from centre to centre, 
and carried by separate base plates. ‘The piston, rods ate 4 in. 
in diameter, tapered in the piston, and fastened by a nut at the 
back, the outer end being cottered into an ordinary forked 
crosshead, guided by brass blocks 15 in. long, working between 
double cast-iron guide bars 5 in. wide and 5} in. apart. The 
distance from the centre of the piston to the centre of the cross- 
head is 8 ft, 10in. The connecting rods gre 14 ft. long, from 
centre to centre, and 6 in. diameter in the centre; they are 
connected to wrought-iron cranks, fixed at right angles to each 
other, at the opposite ends of the shaft carrying the flywheel 
and winding drum. ‘The crank-pin bedrings are 6 in. it 
diameter and 6 in. long, the crank-pin boss being 12 in. in 
diameter and 8 in. thick, and the boss of the crank, which is 
fitted on the crank shaft, being 1 ft. 8 in. in diameter and 12 in. 
thick, The crank shaft has bearings 1 ft. 9 in. long, 12 in, in 
diameter, and 6 ft. 6 in. apart from centre to centre; the shaft 
between the bearings being 13 in. in diameter where the eccen- 
trics are keyed on; and 15 in. in diatheter at the flywheel seat. 
The flywheel is 16 ft. in diameter, and has a rim 9 in. X 6 in.; 
it is sutrounded by a wooden brake block 6 in. square, outside 
which passes an ordinary brake strap connected with levers, 
6 in. long, on a short shaft situated between the engines, as 
shown by the plan—figure 2. The same ver also carries a 
horizontal lever, 4 ft. 2 in. long, furnished at the end with 
a treadle; this is within easy reach of a man standing by the 
starting gear of the engines, and the brake can thus be applied 
by his simply placing his foot upon it. The spokes, rim, and 
boss of the flywheel are cast separately, and connected as shown 
in the engravings. 

The valve gear consists of an ordinary stationary link motion, 
the eccentric rods being attached to the back of the links. The 
expansion links are carried by sustaining links 1 ft. 3 in. long, 
oscillating on a centre 11 ft. 4in. from that of the crank shaft. 








The length of the radius links (and consequently the radius of 








the centre line of the expansion links) is 7 ft. 9 in., and they are 
raised or lowered by lifting links, 2 ft. 10 in. long, attached to 
them at a point 1 ft. 2 in. from the centre of expansion link. The 
lower ends of the lifting links are coupled to the ends of lifting 
arms, 1 ft. 6in. long, keyed on a weighbar situated 2 ft. 84 in. 
below the centre line of the engine, and 14ft. Lin. from the 
centre of the crank shaft. The radius rods are coupled at the 
cylinder end to arms 11 in. long, keyed upon the ends of short 
rocking shafts carried jn bearings fixed on the base plate. On 
the other ends of these rocking shafts similar arms are fastened, 
the upper ends of these being connected to the valve spindles by 
links 1 ft. 24in. long. The weighbar is furnished with a re- 
versing lever and catchplate conveniently situated between the 
two engines, 

The slide valves are of brass, and are furnished at the back 
with a packing ring, working against a face formed on the steam 
chest cover, as shown on the plan, fig. 2; the space enclosed by 
the ring being in communication with the exhaust. The steam 
ports are 14in. by 2 in., the exhaust ports 14 in. by 4} in., and 
the bars 1} in, The steam is supplies from the boiler through 
a pipe 9 in. in diameter, connected with a ‘‘ gridiron” regulator 
placed between the engines, and from this regulator pipes 6 in. 
in diameter are led to each cylinder. ‘The slide valve of the 
regulator is connected by links with a handle placed close to the 
reversing lever. 

The two winding drums, which are each 10 ft. in diameter, 
ure arranged as shown by the longitudinal section, fg. 1; the 
tipper one being bolted to lugs cast upon the arms of the fly - 
ete, and the lower drum being carried by a shaft, the centre 
of which is 15 ft. below that of the crank shaft. The rope, on 
entering the engine house, is passed once round the upper drum, 
then round the lower druim, and then again round the upper 
drum, from which it is led out of the house over broad guide 
wheels to the pullies at the head of the incline. The ropes used 
are made of steel wire; they are 34 in. in circumference, and 
have a breaking strain of not less than 30 tons. The length of 
rope extending down the incline weighs about 9 tons, and with 
a train weighing 30 tons, the strain on the rope will be: 


39 x 2240 _ g460 tb 
9.75 , 


Friction at 10 1b. per ton = 39X10 = 390 ,, 


Gravity of train and rope= 


9350 Ib. 


or 833 ewt. The speed at which the trains are worked is 7 miles per 
hour, or 616 ft. per minute, and if a ogee train was hot 
worked at the same time as the ascending one, the engine would 
have to exert a pull of 9350 Ib. at this speed, equivalent to about 


175 horse power. As it is, however, the engine his oiily to over- 
come on ction of the trailis and rope and the éxtess weight, 
if any, of the ascending train. The accounts received from the 





line show that so far the down traffic is ~s Viest, and the 
power of the engines is therefore little tried. ey are worked 

merally at a pressure of from 25 to 30 lb. per square inch ; 

ut the boilers and the parts generally are made so that ef 
can be worked at a much higher pressure if necessary. ey n 
in estimating the strain on the rope, we took the weight of the 
train, for the sake of example, at 30 tons, much heavier trains 
might be, and indeed have been, worked with perfect ease and 
safety. 





= 


Tue TARANAKI Iron SAND.—The iron sand of Taranaki, 
New Zealand, is rich in titanic acid, and it has been often brought 
before the public, especially by Mr. Robert Mushet, and Captain 
Morshead, some five or six years ago. We believe an attempt is 
even now being made to form a company to work the sand into 
iron in New Zealand. So far as the question of smelting the 
sand into iron is concerned, we understand that Messrs, Butlin, 
of Wellingborough, have done this, and the pigs have been pud- 
dled and rolled into good bar iron by several makers, among 
these Mr. Stenson of Northampton, who makes the crank shafts 
of Messrs. Clayton, Shuttleworth, and Co’s. portable engines, 
and of Mr. Aveling’s traction engines. Messrs. Beard of Bil- 
ston, and Messrs. Hipkins, of West Bromwich, have also rolled 
iron from pigs made from New Zealand sand. But we are not 
so sure that the iron exhibited any remarkable excellence over 
that of several English makers. The object of the new com- 
pany is to make iron and steel at Taranaki, and if they can 
tind labour, conveyance, and a market there, there is no reason 
why they shotild not do so, But we believe it will be found 
difficult at present to convince English capitalists that the best 
mode of investing their money is in charcoal blast furnaces in 
New Zealand. 

Rock-zorine Macuiirt.—Mr. Geotpe Low, the patentee 
of the rock-boring machinety in use on the long tunnel of the 
Dublin Corporation Watetworks, is now making further machines 
for the same purpose at the St. Petet’s Ironworks, Ipswich, 

BoGueap SHALE.—The Bogliead shales, at first about 3 ft. 
thick, are now being worked upon otiterops of about 6 in. thick- 
ness. Within two years or thereabouts, the supply of Boghead 
will be exhausted. It is now worth 70s. a ton in London for 
giving the cannel standard to gas partly made from Newcastle 
coals. The paraffin oil makers are now turning to shales con- 
taining a far less proportion of hydro-carbons. 

Tuk Harrison Borer. — Tbs cast-iron boiler, of which 
considerable expectations were formed about two years ago, has 
failed entirely on its more extended inttoduction. Mr. Harrison 
writes, however, from Philadelphia; to the English papers to say 
that he is making large numbers which are in use with much 
success, Nothing apparently could have worked better than the 
large cast-iron boiler at Messrs. Hetherington’s, at Manchester. 
Of this we satisfied ourselves by careful and prolonged observa- 
tions, and many other engineers were equally well satistied. 
After some months, however, the joints began to leak and no- 
thing could stop them. At the Hollin bank sail Bi kburn, 
one of the large sized boilers failed completely. Mr. Beeks, of 
the Aston mills, Birmingham, burnt his Harrison boiler, in a 
few weeks, and another in the sare town was destroyed in 
consequence of the water a been, allowed to freeze in it. 
At Messrs. Evan Leigh, Son, and Co,, Manchester, the Harri- 
son boiler was found to be most wasteful of fuel. Its manu- 
facture in this country was entirely abandoned a year ago. 
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THE SAN PAULO RAILWAY INCLINES, 
(For Description, see Page 71). 
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PUBLISHER'S ANNOUNCEMENT. 

It is requested that any delay in the delivery of this journal 
to its subscribers who receive their papers direct from this 
Office may at once be made known. : 

The sixteen pages forming the reading matter of this 
journal will, in a short time, be printed upon heavier paper, 

iving more clearness to the type and woodcuts. 

It is hoped that the correct title of this Journal will be a 
to it by its friends and corres; . The title is not “ The” 
ENGINEERING, nor “ The ENGINEERING Journal,” but is 
comprised in one word only. Itis the more desirable that this 
should be borne in mind, as the title may otherwise be confused 
with that of another Journal having a somewhat similar name. 

Advertisements carmot be ‘received for insertion in the cur- 
rent week later than 7 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price ‘of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

All letters connected with the business department of 
this paper to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, London, W.C. All 
other letters to be addressed, there, “‘ To the Editor.” 


Cheques and money orders to be made payable to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 

No sums of money are to be paid on account of ENGI- 
NEERING except to the written order of the Publisher, Mr. 
Charles Gilbert, no other person having any authority to 
make collections on account of the Proprietor. 

Mr, R. S. Mackenzie has ceased to be connected with this 
journal, 


ENGINEERING is registered for transmission abroad. 


The Editor finds it impossible to reply, in each case, to a 
large and constantly increasing number of letters making 
various suggestions with reference to the contents of ENGI- 
NEERING, but he begs to state that many of these will be 
borne in mind and turned to account as circumstances permit. 
He trusts also that a general acknowledgement in this column 
will be sufficient to express his thanks to so many correspondents 
who have kindly addressed to him their congratulations and 
expressions of approval of the course which this journal has 
so far pursued. He may add that the arrangements made are 
such as will still further increase its value to its readers. 

As a rule, cori lents 7 ting editorial answers to ques- 
tions of interest only to themselves, must pardon the omission to 
answer them. The task of replying weekly to a great number of 
such queries would greatly interrupt the proper editorial 
management of any Journal. 





Tue INsTITUTION OF Crv1L ENGINEERS.—Tuesday, February 6th, at 
8 p.m.—Discussion on “‘ The Craigellachie Viaduct,” and “ The Grand 
River Viaduct, Mauritius Railways.” 
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SUBWAYS IN LONDON. 


One of the objections which the gas companies 
make to the subways constructed by the Metropolitan 
Board of Works, is, that with a leakage of gas into 
them, they would enclose an explosive mixture of 
and air, ready for ignition on the introduction of a lamp, 
a lead melting furnace, alighted match, or a pipe. That 
dashing and well-known correspondent of the Zimes, 
“Y.”, and who is an eminent chemist and metallurgist, 
will have it that there is no reason whatever for this 
apprehension, yet from what we know of gas, and gas 
explosions, it is idle to say that it is a groundless one. 
“ Y.”, even admits the escape of gas, but insists that it 
would soon rise by its levity out of the subway through 
the trap holes into the air, and he even admits that 
there might be cases where artificial ventilation would 
be necessary, and indeed he even goes so far as to sug 
gest the compulsory use of the safety lamp in the su 
ways. All this of course, amounts to a direct: admis- 
sion that all the danger of which the gas companies 
are apprehensive, would really attend the placmg of 
the mains in small tunnels. Mine owners know 
that, do what they may, they cannot always prevent 
their men from working with open lights in dangerous 
headings, and we believe it would be found impossible 
to prevent labourers in London from smokingiin every 
subway they entered. They would do this the more 
readily as ro would know that the chances of explo- 
sion were remote, inasmuch as any considerable leakage 
from the mains would be unusual, although no one 
could say when it might take place. It is, we repeat, 
idle to assume that such an explosion could never 
happen. We believe that every person experienced in 
the management of gas mains wl e that such ex- 


course from accidental fractures or leaky joints in the 
pipes, or from the carelessness of the workmen, pos- 
sibly even in spite of every precaution. Where the 
pipes now are, imbedded in the ground, we know that 
explosion is absolutely impossible, and to place them 
in a subway, would be to abandon the certainty of 
safety for an uncertainty, or, more probably, for the 
any; | of ultimate explosion. 

Sir Charles Fox advances a good argument in the 
Times, to wit, that with proper subways the present 
gas leakage of from 10 to 20 per cent. (he says 15 to 
25 per cent.) would be saved, inasmuch as the joints of 
the pipes would be carefully looked to. But & over- 
looks the fact that leaks would nevertheless happen 
now and then in the subway as well as at present in 
the ground, and that the dreaded explosion would be 
likely to occur whenever the workmen went to repair 
them. They must have fires for melting their lead 
to make the joints good; they must have lanterns in 
order to see, and they will comfort themselves by 
smoking tobacco. One large escape of gas might, 
even upon “ Y.’s” admission, result in blowing up two 
or three hundred yards of a crowded street, killing 
every soul within the subway, and making, no one can 
say what havoc among the unsuspecting throng of 
passengers above. That this is no unwarranted con- 
jecture, will be believed by those who remember the 
disaster last autumn at Nine Elms. When the Metro- 
a Board of Works had their subway bill before 

arliament in 1863 they had no evidence beyond merely 
speculative opinions that explosions would not occur 
in the proposed subways. They had nothing to oppose 
to the experience of M. Belgrand, of Paris. At hes 
two explosions have occurred there from the escape of 
gas in subways, one of those being in a covered way in 
one of the bridges over the Seine. M. Belgrand, the 
director of roads and bridges for the city of Paris, 
no longer allows gas pipes for the ordinary and 
regular conveyance of gas to be placed in these sub- 
ways. And“ Y.”, of the Times, to whom we should 
not allude, but because he is so well known, and 
so eminent for bis chemical knowledge, really does 
far more to increase our apprehensions of danger from 

lacing gas pipes in alten than to allay them. 

oilers ought never to explode, yet what would be 
said to working a large number of steam boilers in 
vaults under the principal streets ? In spite of all that 
— be said of their entire safety, we know very 
well that they would explode occasionally, and that 
no one, with a due regard to safety, would remain 
habitually near them, or be constantly among them. 
Those whose duty it is to attend upon boilers know 
that there must be more or less risk, and they are 
willing to incur it, as men are always to be found to 
undertake occupations of even far greater danger. 
We might store gunpowder under the streets without, 
perhaps, one explosion in ten years, but we should 
never know, from one moment to another, when one 
might happen; and so, we believe, would be the con- 
stant risk if large gas mains were carried through 
narrow tunnels under the principal streets of London. 
In a subway extending for a long distance, two or 
more workmen might, without each other’s knowledge 
(being sent in by different inspectors), be at work at 
the same time, tapping the mains for service connec- 
tions. More or less escape of gas always attends this 
operation, and thus, while one man was proving his 
own joint with an open light, he might set fire to an 
explosive mixture of gas and air, coming along the 
subway from a distant source. In the case of the 
Southwark subway, the gas and water companies were 
called upon to pay 4 per cent. interest upon its cost. 
It is a fine piece of work, 1200 yards in length, 12 ft. 
6 in. wide in the clear, and 7 ft. Gin. high, the 
arch being turned with three rings of brickwork, laid 
in cement. Its cost was 27,000/., and thus, for a 
distance of 1200 yards, 1080/. would be paid for rent. 
This, alone, was enough to prevent the companies 
from making use of it, while they had the right 
to lay their pipes, free of charge, in the ground 
adjoining. Before the Southwark-street subway was 
made, the Phenix Gas Company gave notice of their 
intention to lay their pipes under the street, but they 
were told that the Maleegdlien Board was going to 
Parliament to obtain powers to compel the gas pipes 
to be laid in the subway. These powers were not 
obtained, and the consequence was that, as it became 
necessary to supply the district, the gas and water 
companies have naturally preferred to take up the 
paving to lay their pipes, rather than take them into 
the subway. The subway was to be used for sewage, 
for gas pipes, water pipes, and for the electric telegraph 
wires. Four separate bodies of workmen, under the 





Plosions would sooner or later take place as matters of 


of each other, would thus have access in common to all 
that the subway contained. The Metropolitan Board 
of Works would assume no responsibility for the injury 
of the pipes, yet by the carelessness of men atoning 
upon the sewers, or the water pipes, or the telegrap 
wires, the gas mains would hardly long escape injury. 
When all these considerations are taken into account, 
it will be seen, we think, that the gas companies, at 
least, have very much reason to hesitate before placing 
their mains in the subway. That they desire to be 
obstructive, or to be behind the times in the adoption 
of real improvements, we do not believe. We believe 
that what we have said will strike every unprejudiced 
mind as affording reasonable grounds for the unwilling- 
ness of the gas companies to make an experiment 
attended with so many probabilities of danger. 








THE TURRET SHIPS. 


It is impossible to say to how many different minds 
a given idea may occur, but the present writer can 
state that, as a railway engineer, the idea of an enclosed 
and shot-proof turntable suggested itself to him when 
he for the first time visited a ship of war. And this 
was years before the dates respectively of 1855 and 
1856, to which the “invention” of turret ships is 
ascribed to Captain Coles and Captain Ericsson. The 
latter was an engineer, and when the civil war in 
America furnished an occasion for carrying out such a 
scheme, the inventor was clearly the best person to 
supervise the construction of a turret ship. Captain 
Cales, on the contrary, was a naval officer, with a 
valuable idea perhaps, but he was nevertheless neither 
a shipbuilder nor an engineer. His suggestion, or, if 
he prefer the term, his invention, has been well re- 
wale by Government, and turret ships have been 
converted or built to test the principle on a far larger 
and more sea-worthy scale than has been done in 
America. But Captain Coles will have it that there is 
but one true ship of war, and that this is the turret 
ship. He is often writing to the newspapers, and we 
think he sounds his trumpet at times much too loudly. 
There are many long columns in print of what Captain 
Coles thinks of himself and of his turret ships. ‘That 
he believes in both, we need hardly add: But he is, 
we think, injuring the cause he attempts to support 
by both over statement and under statement in some 
of his letters to the newspapers. After all, what is a 
turret ship? It may throw one, or two, or, as 
in the case of the Royal Sovereign, five large 
shot at an enemy at once. Admiral Halsted, in 
a letter which appeared in our columns on the 
12th ult., even proposes a turret ship with seven 
turrets, and mounting fourteen guns; but such a ship 
would require to be much larger than any now in the 
navy, say 450 ft. long by 62 ft. beam, and displacing 
11,000 to 12,000 tons. Now, while turret ships can 
no doubt carry heavy guns, it is now known that we 
can carry and work the very heaviest practicable 
ordnance in broadsides. With guns of given constrac- 
tion, weight, and working, the destructive effect of a 
ship’s fire must be at least directly as the number of 
guns fired at one volley. We believe the destructive 
effect to be in an even greater proportion, and it is not 
certain that the effect upon an iron-clad ship would be 
something like four times as great, with ten guns fired 
at once than with five. Besides time is everything in 
action. The 300-pounder guns, as they are commonly 
rated, can now be fired twice a minute, continuously, 
and that from both broadsides. . We need not say that, 
unless the turrets were kept to one position, they could 
not deliver anything like so rapid a fire from even one 
side. Were they between two of the enemy’s ships, 
they could deal with but one only at a time, unless the 
turret ships had several turrets. A 20-gun ship, mount- 
ing as heavy guns as the turrets can carry, could deliver 
her fire of ten guns upon a hiepodeide every thirty 
seconds, or an average of one gun every three seconds, 
while a 5-gun turret ship was throwing perhaps one- 
fourth, but more yor 4 one-sixth or one-eighth the 
weight of metal on each side. The value of the turrets 
is wholly for manceuvring, and not for engagements at 
ard-arm and yard-arm. But as for mancuvring, we 
fies twin screws, which the Admiralty have adopted 
for the Penelope, and which really give a ship almost 
the mobility of a turntable. Besides it is rather for 
ramming than firing that what we may term the pivoting 
power of a ship.is requisite, and for this Burpee the 
turret ship, supposing her to be a ram, would be placed 
under the same conditions as a broadside ship. As for 
fighting in the ordinary manner, we believe that the 
gunners in a turret ship would lay themselves abeam 
with the enemy, and never once shift their turrets 





control of as many separate authorities, all independent 


during an engagement. Thus the Royal Sovereign 
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would fight only as a ship having five guns on one 
broadside, or two on one anid three on the other. 

Captain Coles has been lately making out in the 
newspapers that the Seorpion or the Wyvern—those 
Confederate cruisers nipped in the bud—are capable 
of destroying the Minotaur. We believe the Zimes, 
and especially the Standard, is giving the gallant captain 
too much rope. Who that has ever seen the Wyvern, 
will doubt that one broadside from the Minotaur would 
send her to the bottom? She has only a hull fit for 
blockade running, and no armour which a 200 lb. or 
300 lb. shot fired with even 30lb. of powder would 
not find its way through. All this has been shown 
at Shoeburyness, and we can only wonder that Captain 
Coles does not admit it. But—and we are imputing 
no wrong motives—is not Captain Coles seeking rather 
popular fame than actuated by a desire to strengthen 
the hands of the Admiralty? Is he a large-minded 
man anxious to do his utmost rather for his country 
than for himself, or is he using the newspapers as 
media for advancing his own pet projects ? In declaring 
that the Scorpion, or the Wyvern; could destroy the 
Minotaur, the Captain is going astray. Will he take 
up his position in either of Mr. Laird’s craft and receive 
a single broadside from the Minotaur? Or will he 
even have the first fire at that pachyderm and take what 
comes from her in reply? If he would, we trust that the 
captain’s life is liberally insured. We can only say 
that we should be sorry to fire the Minotaur’s shotted 
guns at a turret or a broadside offering only 44 inches 
of iron between us and Captain Coles. We may be 
writing a little warmly, but the Captain’s recent letter 
to the Standard (refused, if we mistake not; by the 
Times) really does warm us. Why there are now a 
number of iron-clad vessels which, if they did not jam 
the turrets of certain of Captain Coles’s ships at the 
first fire, would sink them, nevertlieless, in a few 
rounds. It is a costly experimerit to sink a ship at 
sea, but we believe tliat a good master gunner, firing 
the Minotaur’s guns, would certainly sink the Wyvera 
and all on board of her. If the Wyvern were ah enemy, 
we can only say that we should not hesitate to coi- 
mand the guns opposed to her, so long as we were on 
board the Minotaur. 

In writing to the Standard, Captain Coles has 
greatly underrated the real trial trip speeds of almost 
every iron-clad in the navy. We give Locust a table 
showing the real trial trip speed of several vessels of 
which he gives his own statement of speed. The real 
speeds have all been published before, some of them 
under the authority of the Chief of the Steam Branch 
of the Admiralty. 


Captain Coles’s Real Speed 


statement. on Trial. 
Minotaur... een 13.6 14.78 
Hector 11.0 12.86 
Prince Consort 10.8 12.647 
Royal Oak 105 12.5 
Research 9.2 10.17 


Captain Coles’s position, whatever he may believe, 
does not entitle him to contradict the official reports, 
and we cite them against his letters to the newspapers. 


ABANDONED RAILWAY PROJECTS. 

A LARGE number of important projects for metro- 
politan and other railways liave failed to comply with 
the standing otders of the Houses of Parliament. 
Among these are Mr. Hawkshaw’s new proposed line 
to Brighton, and which was to have been constructed 
by the South-Eastern, and London, Chatham and 
Dover Companies. It is understood that the new line 
would have had 13,000 yards, or 6} miles of tunnelling, 
with gradients of 1 in 120, as opposed to those of 
1 in 264 on the present Brighton ne. The probable 
outlay would have been 4,500,000/7. Mr. Hawkshaw’s 
City, Kingston, and Richmond Railway, of 13 miles, 
has failed to comply with standing orders, which means, 
we presume, that no deposit of money was made. It 
ig largely due to the present high bank rate, and the 
great demand for capital, that so many railway schemes 
have been allowed to drop. Mr Hemans’ Mid London 
project, a line which was to have run from Farringdon- 
street to Shepherd’s-bush, following the general line of 
Oxford-street and the Bayswater-road, has also dropped 
through. The Waterloo and Whitehall Company have 
cnough upon their hands, and have abandoned their 
proposed extension to Newington Butts. And the 
pneumatic single line railways, known as the “ station 
collecting lines” of the Metropolitan Railway, have 
been also abandoned. The Liverpool and Birkenhead 
Railway scheme, with a tunnel under the Mersey, has 
also failed to comply with standing orders. It is not 








improbable indeed, that with the increasing caution of 
capitalists, a large proportion of the railway schemes 








of 1866 will be found to have failed to make the 
required pecuniary deposit. 

‘he following are a few other metropolitan scliemes 
which have been abandoned :—The Barnet, Hendon, 
Hampstead, and London Railway; Bricklayers’ Artis 
and Elephant and Castle Railway; Clapham and 
London-bridge Railways; Houses of Parliament Ap- 
proaches, thus leaving. the house of the Institution of 
Civil Engineers at present out of danger; Kilburn 
Railway ; Midland and Great Western Junction Rail- 
way; Mr. Fulton’s North Surrey Railway; and the 
Wimbledon lines. 








RAILWAY JUNCTIONS ON GRADIENTS. 


Durtne the last session of Parliament a somewhat 
novel idea was started before the referees, which led 
to the rejection of some railway bills. It arose from 
sufficient consideration not having been given to the re- 
lative levels at junctions, lines being shown to approach 
and enierge into each other on different efatieete 
and in some cases it was proved that the junctions 
could not be effected under the limits of power of 
vertical deviation permitted by the ‘“ General Act,” be- 
cause the difference between the rates of inclination of 
the original line, aud the proposed joining line showed 
that the points of intersection of the rails where the 
crossings would have to be inserted were not at the 
same level, but separated from each other by a vertical 
distance beyond the provisions for alteration of levels 
authorised by that Act. Subsequently, clause 51, page 
59, of the House of Commons’ “ standing orders ” for 
session 1866 was introduced—it is : 

“When a railway is intended to form a junction 
“with an existing or authorised line of railway, the 
course of such existing or authorised line of railway 
shall be shown on the deposited plan for a distance of 
** 800 yards on either* side of the proposed junction, 
“on a scale of not less than four inches to a mile.” 

Now in order to make a proper junction between 
two lines, it is necessary that they should have the 
same gradient for a distance not less than the length 
from the switch (or point of junction) to the furthest 
erossing, of point where the rails intersect; and this 
distance will obviously deperid upon the magmtude 
and direction of the radii of the curves leading to the 
junction, and the gauge or width of way. 








When a line of certain curvature joins into another 
that is straight, or vice versd, a very simple calculation 
gives the distance of the switch from the crossing. 
Calling g the gauge of the railway, or the extra 
distance between the outside rails in case of a double 
line; R the radius of the ectrve; and y the required 
distance : 

We have (from elementary Euclid) g : y:: y : 2R—g; 


or, g=V2 Rg—g*. This formula our mathemati- 
cal readers will at once recognise as the equation of 
a circle where a point on the circumference is taken 
as the origin of co-ordinates, 

We shall apply this to the example of a curve of 20 
chains radius entering a straight line upon a single 
line, and shall call the narrow gauge 5 ft: (which it is 
to the outside of the metals), thus :— 

ft. chains. ft. ft. 
vy? =5X2x 20x 66 —52=13,200 — 25 = 13,175 


of. = /13,175=114.7 ft. 
If, therefore, the gradients of the two lines were 
shown the same for 115 ft. from the point of junction, 
no objection on the seore referred to could be estab- 
lished. 

The question of determining the exact distance from 
the switch to the crossing is not so simple where the 
junction is formed by one curve leading into another ; 
and two cases occur, one where the curves are divergent, 
the second where they are convergent, or, in other 
words, where their centres are in opposite or the same 
directions. 

The same general formula will solve both cases, and 
this formula can easily be obtained by taking the equa- 
tions of the two circles referred to the centre of one of 
them as the origin of co-ordinates. 

Let R be radius of one of the curves, say the greater, 
r _ vs Z the lesser, 
d the distance between the centres, which will in 
the first case be the sum of the radii—the gauge (or 








* We suppose this is meant for each. 


width of way), and in the second casé the difference of 
the radii + the same quantity. 
Then we have for the 


first circle .....cssceee y+2=RK2 (1) 





For the second ......... y? + (wx—d)?=r? 
ER nen eal y 22-2 rd} d= 
Subtracting 2 rd—-@2 = Kk? =P 
R?-r? + a? 
or £=——5 att Substituting this value for z in 


equation (1) we get 

‘ (R?—7? a d*)\? (R?-—7?+- 22 
y A ae 
or, finally, y= tov (4 @? R*—(R*-24d")*) 


We shall now apply this formula to the case where 
curves of 40 chains and 20 chains radii form a junction 
on a single line, both when the curves are divergent 
and convergent. In the first case the formula will 
become 


1 = 252 
¥= 9669.53)4/ (469.98)? 40)? — { 407 — 20°-+-(69.98) }) 
In the second case it will be 


=R? .. Y=R?- 


chains. 
= 1.36 


», chains, 
y= saaan/ (#20002 402 — { 402 — 202+ (20.07)? } ‘) =2.41 
It will be seen that the application of this formula 
involves a long and laborious calculation, at least to be 
performed in a committee-room, and we shall, therefore, 
ina future article investigate and apply an approximate 
method of solving the question, which, while requiring 
very little labour in its application is as practically 
accurate in its results as the theoretically exact 
formula given above. 








IRON PLATE WORKING. 


Even to boiler makers the rapid shearing and 
punching of the lighter plates used for gasholders 
would appear remarkably quick work. The . thin 
plates have “ buckles ” in them, and it is necessary first 
to remove these by hammering ; and to become a plate- 
hammerer requires three years’ apprenticeship. We 
are not sure that the knack of doing well what at first 
appears so easy, but which is in reality avery delicate 
if not difficult matter, could be learnt by ordinar 
workmen in less time. Messrs. Piggott, of Spring-hill, 
Birmingham, have endeavoured in every manner to 
substitute machine hammers for hand-hammering, but 
none could be miade to work properly. 

In shearing the plates the workmen are trained to 
cut them, in the shearing machine, without any 
setting out of the line, and by the eye, alone. 
The plates are slashed across more gqtickly than 
a tailor would cut his cloth, or a bookbinder his 
paper: The puncli and sliears are on op osite sides of 
the same joint pin, and are of the old lever kind, 
worked by the engine. Two edges being cut straight, 
the workmat holding the plate in his hands, seats 
himself in a swing chait before the puneli; and runs a 
line of holes, pitched both apart from each other and 
from the edge by the eye alone, and miakes, as we 
have seen done, 55 holes a minute, with an accuracy 
almost equal to machine work. Indeed, the punch is 
set to make regularly 55 strokes per minute; arid the 
workman takes care not to miss 4 stroke. Whena 
line of rivet holes has been made along one side, and 
along one end, the plate is placed under another alreddy 
punched, and the holes along the two remaining edges 
are then marked through with white lead, the better to 
insure the lines being at right angles to each other, as 
the plate thus marked has had but two of its edges 
sheared before the first holes were punched. 

Messrs. Piggott and Son have more recently adopted 
a hydraulic punching machine, with which we have seen 
as many as 154 holes punched at one blow in a gas- 
holder plate. The machine is much upon the principle, 
if it be not an application of, Mr. Andrew Shank’s 
forging press, set up by him at Messrs. Platt’s at Old- 
ham. <A vertical steam piston, the cylinder being ap- 
parently not far from 4ft. in diameter, takes steam of 
50 Ib. pressure, or a total pressure of say 40 tons at a 
stroke. The piston rod is the rim of 4 force pump; 
and is perhaps 4in. in diameter, so that the pressure 
which it gives to the water is not far from 3 tons per 
square inch. The water is forced at this pressure into an 
accumulator, from which it is let on; as required, to two 
Yin. rams under the lower table of the punching press. 
The punches are held in grooves hear the outer edges of 
the upper table, the pitch of the holes being equal to the 
diameter of the shanks of the punches tliemselves, as they 
bear against each other in the grooves, in which they 
are held fast. Every alternate punch projects, by 





the thickness of the plate to be punched, below its 
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next neighbours, so that, although the whole 154 holes 
are apparently made at once, only one-half of the whole 
number of punches are really at work at the same 
instant of time, one-half having passed through the 
plate at the instant the others are entering it. The 
report is very sharp when the blow is given, but the 
work is well done, without injury to the plate, and the 
holes made in any number of plates must necessarily 
correspond perfectly with each other. The water is 
let on from the accumulator to the rams through a 
1} in. stop cock, but this, although under a pressure 
of more than 3 tons, is easily worked by a segment and 
pinion. 

At the now extensive Cornwall Works of Messrs. 
Tangye Brothers, and Price, Birmingham, all the bar 
iron cutting and punching is performed by hydraulic 
shears and punches. We may mention here that 
this firm some time ago constructed for the Rus- 
sian Government an enormous hydraulic shearing 
and punching machine, weighing 20 tons, and capable 
of eutting off a bar 6 inches square, an operation re- 
quiring a force of not very far less than 1000 tons. 

In connexion with the hydraulic apparatus at the 
Cornwall Works, it will be interesting if we state that 
the accumulator, instead of having a sliding loaded ram, 
is merely a cast-iron air vessel of great strength. It is 
used in the rough state in which it was cast, and such 
has been the protection afforded by the internal and 
external skin of the casting, that it does not require to 
be charged with air oftener than once in three months, 
the force pump sending in nearly as much air, contained 
in the water, as escapes through the walls of the 
accumulator. 








STEAM FIRE ENGINES. 


On Monday last, a trial of steam fire engines took 
place in the presence of Sir John Thwaites, the mem- 
bers of the Metropolitan Board of Works, and Captain 
Shaw. Amongst the engines inspected were five made 
by Messrs. Merryweather and Sons. Of these, two 
were small engines with single cylinders, and two of 
larger size with double cylinders, the remaining 
engine being a new one, not quite complete, and of 
a different construction to those hitherto in use. 
Steam was raised to working pressure in an average 
time of about ten minutes; a high wind, which pre- 
vailed at the time, interfering considerably with the 
draught when the fires were first lighted, and also 
preventing the vertical jets from being satisfactorily 
thrown. 

The largest of the engines tried was made for the 
Royal Dockyard, at Portsmouth, and this engine, when 
tested at a measured distance, threw, we are informed, 
the water 318 ft. horizontally, from a 1} in. jet, 
thoroughly wetting all over a telegraph post 40 ft. 
high, and situated 280 ft. from the nozzle. 

A good deal of information respecting the advantages 
possessed by the steam over the manual fire engines, is 
to be derived from a complete report which has been 
prepared by Captain Shaw, upon the working of these 
engines at the recent great fires at St. Katherine’s 
Dock and Beal’s Wharf, of which report he has kindly 
furnished us with a copy. At the St. Katherine’s Dock 
fire, eight land steam fire engines (four being borrowed 
from Messrs. Shand, Mason, and Co.), were employed 
in addition to the upper floating engine. These were 
in action for periods varying from three to ten hours, and 
when all at work, threw a quantity of water equivalent 
to that which would have been supplied by 68 manual 
engines, worked by1904 men. The floating engine alone, 
which was at work for eight hours, threw 635,960 
gallons, or 2839 tons of water, a quantity which it 
would have required 41 manual engines, worked by 
1148 men, to supply in the same time. 

The engines worked at from 68 to 125 strokes per 
minute, the cost for coals being from 10d. to 1s. 1d. 
per hour for each of the land engines, and 5s. per hour 
for the floating engine. The total cost for coals for 
the whole of the engines amounted to 8/. 18s. 5d. 
whilst the cost for labour and beer for working the 
number of manual engines which would have been 
required to throw the same quantity of water would 
have been 4767. Each manual engine worked at the 
ordinary speed of 20 strokes per minute by 28 men 
would cost 7/. for each six hours working, this allowing 
4/. 10s. for labour, and 9/. 2s, for beer, and during 





that time it might be calculated to throw 15,840 


gallons. 

At Beal’s Wharf, seven land steam fire engines and 
both the floating engines were brought into operation 
for periods varying from 44 to 114 hours. The en- 
gines were worked at from 50 to 155 strokes per 
minute, and threw altogether 1,368,542 gallons or 
6105 tons of water at a total cost, for coal consumed 
of 5/. 18s. 3d. The number of manual engines, which 
it is estimated would have been required to throw 
the same quantity of water in the same time is 89 
these would have required 2492 men to work them at 
a cost for labour and beer of 623/. At Beal’s 
Wharf, the expense saved by the use of the. steam fire 
engines was thus 617/. ls. 9d.; whilst at the St. 
Katherine’s Dock fire it amounted to 472/. 1s. 7d. 

At the fire at the St. Katharine’s Docks, the steam 
fire engines threw 251,000 gallons for each 20s. ex- 
pended in fuel, whereas the manual engines which they 
replaced, would, it is estimated have pumped only 
2227 gallons for a like sum, the respective cost of the 
two systems being in this case as 1 to 121. At Beal’s 
Wharf the steamers pumped 231,456 gallons of water 
for each 20s. expended whilst the quantity which 
would have been thrown by the manual engines for a 
similar amount is estimated on this occasion as 2196 
gallons, the relative cost being thus as 1 to 105. 

On Tuesday last a trial of one of Messrs. Shand, 
Masonand Co’s. steam fire engines took place at Deptford 
Dockyard, in the presence of the captain superintend- 
ent, Mr. Pemberton, the chief engineer, Mr. Gossage, 
and several of the Dockyard officers. The engine was 
of the same class as those employed for some time past 
by the London Fire Brigade. The fire was laid with 
wood and shavings, and steam was raised to a pressute 
of 60 lb. per square inch in 11 minutes 10 seconds. 
Thewaterwas drawn from a depth of 12 ft., and a jet from 
anozzle }4in. in diameter was thrown 218 ft, horizontally, 
the steam pressure being 125 lb. and the water pressure 
103 Ib. per square inch. On the occasion of a trial of the 
same engine made during the last week on the premises 
of the makers of the engine in the presence of Mr. Pem- 
berton and Mr. Gossage, a dale jet to that just 
mentioned was thrown, under the same water pressure, 
to an estimated height of 40 ft. above a chimney shaft 
120 ft. high, or a total height of 160 ft. The experi- 
ments at Deptford, which lasted one hour without 
stopping the engine, were concluded by a trial of three 
jets supplied simultaneously, each jet being of the same 
size as those used with the manual engines of the 
London Fire Brigade. The engine tested weighed less 
than 14 tons, and is intended to be sent to Bermuda. 
Whilst speaking of weight, we may mention that indi- 
cator diagrams, taken from Messrs. Shand and Mason’s 
engines, show that one horse power is exerted for each 
hundred weight of the weight of the engine, an excel- 
lent result for steam engines of such small size. 








THE PENRITH BRIDGE OF THE GREAT 
WESTERN RAILWAY, NEW SOUTH WALES. 


WE have before us the detailed drawings of a bridge in course 
of erection by the Government of New South Wales, to carrythe 
Great Western Railway of that colony across the river Nepean 
at a point 32 miles north-east of Sydney. 

At the end of 1864, about 72 miles of this line were opened for 
public traffic, the total length in course of construction being 
230 miles, which, when finished, will connect Goulburn on the 
south-east, and Bathurst on the north-east, with Sydney. 

The latter branch is nearly completed as far as Penrith, a town 
on the Nepean river, and this seetion is terminated by the most 
important work on the railway. 

Designed by Mr. Whitton, engineer in chief to the Government 
railway department of Sydney, the drawings of this bridge, 
were sent to England, and submitted to Mr. John Fowler, 
for his examination and approval, and, with the exception of 
slightly varying the section of iron in the top and bottom 
flanges of the main girders, no material alteration was made in 
the original design. 

The bridge is constructed with three openings, each of them 
having a clear span of 186 ft. The piers are 12 ft. wide on the 
underside of the girders, and 198 ft. apart from centre to centre, 
thus affording a bearing on each pier of 12 ft. 

The main girders are 25 ft. 6 in. apart in the elear,; or 28 ft. 
6in. from centre to centre, and each gitder is continuous 
throughout, the entire length being 594ft., with an effective 
depth of 11 ft. 6 in. 

The top and bottom tables are constructed of the box form, as 





shown in the cross section, figure 4; the bottom member is 3 ft, 
wide, arid 1 ft. 4in. deep, the greatest sectional aréa being 220 in. 
on the piers, and the least, 80 in. on the abutments. 

The side of the box member is made good with plates 
# in. thick, and a dentral web, of the same strength, divides 
it into two comparments, through its entire length. The whole 
is put together with angle irons 4 in. by 4 in. by} in. thick. 

The main webs are fin. thick, 7 ft. deep, and are connected 
with the top and bottom members of the main girder with 
angle irons. They are 2ft. 2$in, apart, and are stréngthened 
internally with irons, and plate stays every 3 ft. 

The construction of the top member is identical with that of 
the bottom, excepting that the upper plates are curved, the 
more effectually to resist compressive strains, as well as to give 
a better finish to the elevation, and the section of metal varies 
from 90 square inches at the abutments to 180 square inches to 
the centre of the first span, decreasing to 175 in. over the 
piers, and 120 in. in the centre of the middle span. 

These main girders are 13 ft. deep over all, and parallel 
throughout; but the straight lines of their elevation ate broken 
by the curved strips of angle iron seen in figure 1, which tend 
greatly to lighten the appearance of the structure, and which is 
the only purpose they serve. 

The cross girders which carry and transfer the dead and roll- 
ing load, are placed 3 ft. apart from centre to centre. On them 
is laid a close planked roadway and 8 in. of ballast, which, 
with a double permanent way, makes up a constant dead load 
of 24 tons per foot run, or a total load of 1485 tons over the whole 
bridge. Horizontal on the upper side to which the roadway is 
secured, they have a gradually increasing depth underneath, from 
the points of support to the centre, the least depth being 1 ft. 
3 in., the greatest 1 ft. 9 in. 

The form and construction of these cross-beams are shewn in 
figure 3 and figure 4, where it will be seen that they are built up 
with a }in. plate flange 7 in. wide at top and bottom, rivetted to a 
web of the same thickness with the help of angle irons 3 in. by 
3 in. by in. The web is stiffened twice in its length with a 
T iron strip, and the beam rests at each end, upon the projection 
left byt he difference between the width of the bottom flange of 
the main girder and its web. To this latter it is rivetted by 
eight 1 in. rivets, the angle irons of the bottom flange of the 
girder being turned at right angles, and extended for a distance 
of 2 ft. 6 in. against the side of the main girder. 

The bed plates on the piers and abutments consist of double 
tables of cast iron, each 2}in. thick, 3 ft. 9in. wide, 4ft. long 
in the abutments, and 12 ft. on the piers, planed perfectly true 
on the inner sides, to ensure uniformity of bearing. Between 
these plates, cast-iron rollers, also turned true, are placed, 
4 in. in diameter, and 8 in. apart from centre to centre. 
These are at liberty to revolve freely, and they are kept in their 
proper position by distance strips of wrought iron, which have 
holes 1 in. in diameter drilled through them, to receive the axles 
of the cast-iron rollers. 

Upon these bed plates, arranged as described, the whole super- 
structure of the bridge rests, and as the upper bed plate moves 
readily upon the cast-iton tollers, a perfect freedom for expan- 
sion ahd contraction is provided for. Kath span lias a camber 
of 4in,; atid to insure a perfect éurvature, the girders were all 
built to template in England, and are ereeted in position on a plat- 
form having a oamber slightly éxceeding that permanently 
desired, the excess being allowed to make up for any deflection 
when the staging is removed. 

The tests applied to the wrought iron used in the construction 
of the bridgé were as follows: A piece of iron 2 in. wide, and } in. 
thick, and of sufficient length to have 7 in. under actual tension, 
was cut from any plate intended to be used on tlie work, and 
the following tensile strains applied, the plate or plates of 
similar manufacture being rejected if the extension of the piece 
tested was greater than} in. titider 18 tons, din. under 21 
tons, } in. under 23 tons, and } ins under 24 tons, all bars and 
angle irons being required to bear a tensile strain of 25 tons 
before fracture. 

The ¢ast iron employed was of stich a strength that a bar 1 in. 
thick, and two inches deep, placed on bearings 3 ft. apart, bore 
a load of 27 cwt. in the centre without breaking. 

The main girders of the bridge at Penrith being continuous 
throughout, and resting upon two piérs, as well as the abut- 
ments, it follows that the strains té which they are subjected 
differ widely from those upon a girder supported only at the 
ends. 

For a certain distance on each side of the points of interme- 
diate support, the girder becomes in effect a cantilever. or 
bracket, and the tensile and compressive strains change position, 
the bottom members being placed in compression and the top in 
tension; the intervening portion of the span is thus reduced in 
length, and a lighter section can be used. 

The fixed or permanent load which the two main gitders have 
to support, in addition to the running load of 24 tons per foot, 
is made up of the cross girders, planking, 8 inches of ballast, 
and permanent way, and amounts to 24 tons per foot, making a 
total load of 485 tohs on each girder measured from centre to 
centre of bearing, a length of 192 ft., while the effective depth is 
11 ft. 6 in. The working strains are computed at 4} tons per 
square inch for compression, and 44 tons for tension. From 
these data we find, 

1. If the weight be uniformly distributed, both as to fixed and 
rolling load, the position of e (in girder A B, fig. 6) will be \% of 
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SCALE FOR DETAILS. 











its whole length, and & will be 4 the length of B C; but with 
variable and uneven loads the position of these points will also 
vary, and the strains will change under different circumstances. 

2. The greatest strain on Ae is when the point of contrary 
flexure ¢ be yey B and this occurs when both sides are 
fully loaded, and the centre is unloaded, the length of Ae being: 

: 1 = A 

ia( 1+ ww) Hert 
Where 7=span, W =fixed load, and W' =rolling load. 

By this we have 

192—(19.2 x 1.5)=163.2 feet, 

the length of Ae, when the point of contrary flexure, ¢, is nearest 
to the point B, under the circumstances described above. 

8. The greatest strain is placed on the length Kg. when the 
middle span only is loaded, then the Jength of bk being 

i “( 5—s/ 15-10 W ),and 
10 W+Wi 

i—2 Bk =Kg, we have 121.84 ft.=the length of Kg under 
such circumstances. 

4. The greatest strain on cantilever, eB, is when one side, 
A B, and middle span are loaded, and the further side is not 


= 


loaded. : w 
=s0( 7-Wwi) 
_192,_ 1.25 
= 50 (7 — xo) = 41-6tt., length of eB. 
5. The test strain on cantilever Bé of middle span is 


when the middle and adjacent spans are loaded, with the other 
side unloaded, and == / + .277 = £&3.2 ft. length of Bk. 
6. For strain at centre of outside span, we have 


W 
8 q—/2388 tons at $, 


where W — total distributed load, and / — 163.2 feet. Then, at 
any point x from centre, 


3*(4-=)x(s+2) 


ary, ——= strain at that point. 


strain at that point. 
In the following table, in which the strains, in tons, at points 
every five feet from centre § are given, the value of C is 
Ww 
om. 204 


Gis xis 187 =C. 


























Sec. area Sec. area 8. For strains on cantilever e to B, 7 = 41.6. 
(tension). (compression). : A eB AB 
Tons. sq. in, sq. in. W= ( an =) x 24 = — x2} 
Strain at centre = 724 2 2 2 
76.6x 86.6x C = 721 1:0 180 192 
71.6x 916x,, = 713 =— x2} =240 
66.6x 96.6x,, = 699 us 180 - 
61L.6x10L6x ,, = 680 . ' Wil 240 x 41.6 F 
56.6x106.6x ,, = 656 140 170 =<“* ***’ =868 strain at B 
51.6x11L6x,, = cst . d 11.5 
46.6x116.6x ,, = 590) 9 Sec. Area Sec. Area 
41.6x1216x), = 5505 130 160 in in 
on oy te ” -- = 115 140 And 240_ , 94 acaee Tension. Compression. 
26.6x136.6x , = 395 " , 115 x316=659 150 sq. in. 190 sq. in, 
216x1416x = 333} 100 120 x 26.6=555 9 ~- 
16.6 146.6x ,, = 264 x216=4505 1 » 160 ,, 
1L6x1516x, = 191> 90 100 x 16.6 =346 e 
6.6x156.6x ,, = 112) x 11.6=242 § 100 125 
7. For strains on centre girder k to g. y la nn 
ko = 121.841 9. For strains on cantilever B to K we have 7=53.2 
W = 121.34 x 2} — 303.35 W=Bkx2}-+(BC—21)x2} _ 12. 5 
WE __ 803.85 %121.34__ 499 600, strain at 5 2 or 
ee ee 173.5 53.2 ’ 
=—— = 803 strain at B 
And at any point 2 from j = 
W y po rom J , _ a Tons. Tension. Comp. 
2*(+-*)x(+ x And SS ~489=737 5 
2 2 2+ : ; 1d x432=651 150 190 
ox. : Tt =strain at that point. x 38.2=576 125 160 
33.2 = . 
W x28 = 100 125 
— x x 23.2=350 =P 
2 151.68 set Gentes C ot ye 
ee x 13.2=199 9 100 
1 1 - x 82=124 : 
(+ —z ) xX (-> + ) x 32= 48 rr. 


The sectional areas given in the above tables are the nett 


= 60.67 —5 x 60.67+5. mah seal 
titties quantities of iron in the = Sony bottom members of each girder 








open during the last half of the year, the receipts rose to 


10.67 x 110.67 x ,, 
6,642,856 dollars. 


5.67 x 115.67 x ,, 





Sec. area in Sec. area in as it now stands. The plates used average a length of about 
tension. compression. 12 ft., and vary in from } in. to 7, thickness. Figure 5 shows 

a a eae oq. 2. > an enlarged arrangement of joints and cover plates in tension. 
5567x 6567xC = We have to thank Mr. Fowler for his kindness in placing at 
5O.67x T0.87x.. = 100 120 our Gisposal the drawings and specification of the Penrith Bridge, 
45.67x 7567x. = - 110 from which we have obtained the details now placed before our 
40.67 x 80.67x ,, = readers, 
35.67x 85.67x ,, = 
30.67x 90.67x », = be 100 THe ATLANTIC AND Great Western Rartway.—The 
ph mar ea 8 pa traffic receipts of this line for the year 1864, and with 322 miles 
15.67 x 105.67 x oe ee 90 open, were 3,709,980 dollars, whereas in 1865, with 490 miles 
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GERMAN MACHINE FOR BENDING RAILS. 


Tus apparatus was invented by the late Mr. Kehler, engineer 
of the Saxon Silesian Government Railways. Since 1860, it has 
since come into general use on nearly all the German lines. We 
have ourselves witnessed its performances, and can testify to the 
accuracy and rapidity of its action. 

It is composed of a stout beam, AA, from 18 to 24 ft. bag 
(according to the length of the rails to be curved), firmly bol 
to two cross pieces, BB, whereon it rests. At one-fifth of the 
length of the beam, measuring from the ends, are placed two 
supports, CU, they being thus distant from each other three- 
fifths of the beam or rail. These omnes, CC, are faced with 
iron plates, having a shoulder formed in them, equal in height 
to half the difference between the head and base of the rail, so 
that, when placed thereon, its axis is horizontal. The beam is 
tapered from the supports towards its ends, which are fitted 
with iron facings, fl, through them work the set screws, ee, 
which cary the stops, ff: 

To curve a rail, its ends are, both at once, pressed down to 
these stops, to which scales are attached, indicating the amount 
of curvature momentarily given. The bending is done by means 
of the forked levers, gh, having their fulcrums underneath against 
the beam at kk, and the stirrup-irons, ai, which pass over the 
ends of the rail. 

Care must be taken that the middle of the rail is placed 
vertically over the midway distance of the-supports cc. The 
— of three-fifths of the length of the rail for this distance 
is the result of numerous trials, which show that thus the rail 
assumes as nearly a circular curvature as practically can be 
required There are, however, slight variations in this respect 
between rails of different manufacture; but rails of the same 
rolling and pattern invariably require the same distance. 

All rails have a certain degree of elasticity which must be 
overcome or passed before a permanent curvature can be had. 
Most ordinary 18 ft. rails of English make, when pressed down 
to 2 in. on the end scales, show no perceptible permanent curve. 

Also, the proportion between this permanent curvature and 
the elastic curvature varies cunidanality with different rails. It 
pes my upon weight, size, pattern, material, and make, and can 
on t be determined by absolute trials of each class. 

he following table exhibits the average results of the curving 
of English rails of the flat footed, or contractor’s pattern, and 








68 lb. per yard, 43 in. high, 4} in, base, and 18 ft. long. 
| Depression of | Total versed | Permanent — rtion 
ends of railsas} sine of rail versed sine eween 
shown on while pressure|when pressure ———_ 
scale. is on. is removed. curvature. 
inches. inches inches, 
1 25 44 4 1:34 
2 34 5 + 1:20 
3 33 5} 4 1:117 
4 4h 6 3 1: 85 
5 44 7 1 as 7 
6 43 7§ 1} 1: 53 
7 5 72 1} 1: & 
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Rails that have once been curved show no perceptible increase 
of curvature when they are pressed down for the secon time to 
the same measure on the scale, or when they remain subjected 
to that pressure for some time. When they are curved in an 
opposite direction to the same extent to which they weie curved 
before, they retain a permanent curvature slightly less than 
they had before. Rails which have been used for some time 
lose their elasticity, even when showing no signs of wuar. An 
18 ft. rail, which had been three years in the line, and :subjected 
to considerable traffic, showed a permanent curvature of 1} in. 
ar an elastic curvature of 7 in.; when new it would have 

ut 1 in. 

The following are some of the advantages of the app aratus:— 
It is simple in construction and working, and easy of repair. 
Its total weight being but 10 cwts., it is easily :noved; it 
requires but few men to work it, four being sufficient, and this 
number is reqnired more for the handling of the rails than for 
the bending, for which one man at each end is sufficient. It can 
be rapidly worked—three minutes being ample time ‘to place a 
rail on the machine, bend it, test the curvature, and 1'emove it. 
The fixed proportion between the elastic and })ermanent 
curvature once being known, the rails so treated are ciurved with 
the utmost accuracy. 








New Wrovcut-1ron Turntasies.—At the raeeting of 
the Institution of Mechanical Engineers held at Birmingham 
on the 25th. ult., Mr. William Baines, of Soho, described a new 
form of turntable, formed entirely of wrought iron with the 
exception of the rollers and centre pins which are of cast iron. 
The - of the table is built up of a series of wrought-iron girders 
formed of bars rolled to such asection that, when placed side by 
side, they lock into each other throughout their entire | 
thus forming a rigid platform. The rim of the table is f 
of a single bent bar, the central boss consists of a stout: wrought- 
iron tube furnished with external wes for receiving the ribs 
of the beams forming the table. Some tables thus constructed 
have been in use for upwards of three years, and they are now 
being manufactured for five different gauges of railway. They 
are lighter, and therefore more easily moved than cast-iron 
tables, and require a less depth of pit. Their construction also 
permits them to be taken into small pieces for convenience of 
removal, 

Bice Pumps.—On the 6th August, 1868, Mr. Wymer, the 
engineer to the Steam Shipping Company (Newcastle), addressed 
the following letter to the Secretary of the North of England 
Ship Insurance Association. Its contents deserve special a:ten- 
tion at this time:—‘‘ Having noticed for some time that it is 
becoming customary to fit the bilge pump discharge pipes to 
the engine discharge pipes, I beg to call your: attention to the 
matter, as I think it requires the serious consideration of those 
interested in steam vessels, as this system pre vents the officers 
in charge of the deck from kuowing whether the bilge pumps 
are working effectively or not, and this want of su 





in 
has resulted in neglect of bilge to the | pss of ships, if 
not of lives in snany anete, there ie little doybt.” 





Tue Loss or THE Lonpon.—lIn the official examination, 
now in progress as to the cause of the loss of the London, Mr. 
Edward Somaphrys, of Deptford, was examined on Wednesday, 
in reference to the engines of the ship. He said they had been 
made in his house, and from his The instructions of 
the Messrs. Wigram were that the en should be constructed 
in the best ible manner, and of the best possible materials. 
They paid him the best price for the work. He had read the 
reports of the previous days’ proceedings at this inquiry in the 
Times, and wished to explain some matters in connexion with 
the engine room of the London, The witness exhibited a plan 
of the engine and the engine-room arrangements. He ex- 

lained that when it was required to draw water from the 
ilge and discharge it overboard, it would only have been 
necessary to drive a centri p, with which the engine 
room was supplied. That pump was provided with a non-return 
valve. The diameter of the revolving disc of the pump was 
3 ft., and it was driven by an independent auxiliary engine. 
For ordinary ya of condensation, 70 or 80 revolutions a 
minute would be sufficient, but the revolutions could be in- 
creased to 200, or even 300, if n . Indeed, with the 
required pressure, there was scarcely a limit to the speed at 
which the machine might be driven. The auxiliary engine was 
from 16 to 20 horse power. No stress of weather was likely to 
affect the valves or discharge pipes. At about the ordinury 
speed—he did not, in this case, pledge himself to the exact 
number of revolutions—the engine would discharge upwards of 
4000 gallons a minute. Captain Harris asked if that would be 
a larger amount of water than an engine on the old plan would 
throw out? and Mr. Humphrys replied that they could not 
pass that quantity of water through one of the old om 
without its breaking down. The centrifugal pump has nothing 
to overcome but the friction of the water passing through the 
pipes and condensers. All that is necessary is simply to facili- 
tate the of the water. His firm are now supplying 
bilge suctions, on the principle explained, to two Government 
transports, and they have supplied them to ships of the Penin- 
sular and Oriental Company, and have made some also, for the 
Messageries Impériales. 

Brake BLocks AND STEEL TyrEs.—Amongst the many 
advantages obtained by the use of steel tyres is one which was 
scarcely anticipated, namely, the diminished wear of the brake 
blocks applied to them. On the tenders of some engines, work- 
ing trains with frequent sto in the neighbourhood of 
of London, the brake blocks w used to wear out in about six 
weeks when applied to iron tyres, last from nine to twelve 
months since the adoption of steel tyres. This result appears to 
be due to the absence of the yy sometimes almost re- 
sembling the teeth of a rasp, formed on an iron tyre by the 
abrading action. The holding power of the brake is not in the 
least diminished by the employment of steel tyres. 

Srexc Mixep Casrives.—Messrs. Turners, of Ipswich, 
—- engineers, have, for the last eighteen months, cast 
the cylinders of their le engines from a mixture of cast 
iron and Bessemer steel. Messrs. J. and F. Howard, of Bed- 
ford, have in the same manner em 





ployed with success, a mixture 
of two-thirds hematite No. 1 iron, and one-third Bessemer steel. 
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MARINE ENGINES. 


Tue advantages of high-piston speed are that, with 
an increased supply of steam, an engine that will work 
up to 500 actual horse power at 300 ft. per minute, 
may work up to perhaps 1000 horse power at 600 ft. 
per minute, and that there is less loss by internal con- 
densation. There are no doubt other minor ad- 
vantages, but the first named has been commonl 
held to be the best argument in favour of high ens | 
There is not, or at least there should not be, any 
greater strain upon any part of the engine at 600 ft. 
than at 300 ft. per minute. All this, we cannot doubt, 
has been long understood by engineers. They for a 
long time objected to high speed on the ground that 
it caused a greatly increased wear and increased con- 
sumption of oil, and that in fact a quick-working engine 
knocked itself to pieces faster than one going at a 
slower rate. Yet, with better workmanship and in- 
creased experience, more boiler power has been given 
to the same nominal power of engines, and the speed 
has gone up to 550 ft. per minute in the very largest 
class of engines yet made, and some time ago Mr, 
John Bourne was working a single-cylinder marine 
engine at 700 ft. per minute. These speeds are 
in the greater contrast with former practice, inas- 
much as they are with short stroke horizontal engines, 
the stroke being in some cases but about one-half the 
diameter of the cylinder, the pistons and guides now 
passing over the same points from 100 to 140 times a 
minute, or, as in Mr. Bourne’s engine, 200 times a 
minute, instead of from 30 to 60 times a minute, as in 
the longer-stroked engines, also worked at a 
slower rate in feet of piston per minute. Lach of the 
pistons of the engines of the Agincourt, the Minotaur, 
or of the other larger plated frigates, applies a force of 
nearly one hundred tons to its corresponding crank pin 
twice in every second, and whatever slack there may 
be in the bearings has to be taken up with the same 
frequency. With a given boiler power, no doubt a 
smaller cylinder and a longer stroke would give the 
same number of revolutions with the same indicated 
power, but at a higher speed of piston. But engineers 
vave seen no particular advantage in lengthening the 
stroke in order to permit of a smaller cylinder, and in 
many cases, indeed, only a short stroke ean be adopted 
with horizontal engines in order to get them properly 
into the ship. 

The proportions of propellers greatly regulates the 
velocity of the engines, oma as yet there appears to be 
no settled ratio of pitch to diameter of screw. Some 
— ago very fine pitches were adopted—oecasionally 

ut three-fourths of the diameter of the serew, Again, 
as in the Doris and Diadem, a proportion of pitch to 
diameter as 1,8 to ] was adopted, and now we have 
again a —. proportion of from 1 to 1} piteh to 
1 of diameter. If we yet adopt pitches which, being 
found to work well, nevertheless require from 80 to 
100 revolutions per minute for large engines, we 
shal] be compelled to adopt. either very large cylinders 
and short strokes, or high piston speeds, for we are not 
now considering the matter of getting up the speed by 
gearing, 

Supposing sufficient room, in the engine-hold of a 
ship, to permit of an additional stroke of pistou—whieh 
means increasing the whole sahwart-ship length of 
the engines by at least four if not five times the amount 
of the additional stroke—we should then be met by the 
objection that the extra width of the blocks, out of 
which the cranks must be cut, would involve a large 
additional cost. Most of our readers know that marine | 
engine cranks are worked ovt of a thick, flat slab, the 
width of which must be at least equal to the extreme 
length over the throws of the cranks. The wider these 
slabs are, the more difficult they are to forge, te wore 
they cost per ton, and the greater risk there is of their 
being unsound. There is more in this objection to long 
strokes than nine out of ten mechanical engineers, not 
themselves engaged in marine engive building, are 
aware of. The cost and risk of cranks tells against 
long strokes, Not that it would haye done so to the 
same extent when cranks were made in separate 
throws, and keyed w the shaft; but they are now 
forged solid with the shaft, in the case of screw-engine 
cranks, and whether their cost be 60s. or 90s. per cwt. 
in iron, or much more in east steel, depends mainly upon 
their size. And there are but very few designers of 
marine engines who are not influenced, if they are not 
controlled, by the circumstances of their employers. 

Those who are interested in marine-engine designs 
will have already pereeived that we are leading up to 
longer strokes, and thus to higher piston speeds 
with a given number of revolutions. As for the 





cylinders, it is likely that they will be cast harder and. 


harder, until they are nearly half cast iron and half 
steel. The packing, not only of marine-engine pistons, 
but of all steam-engine pistons, has been greatly 
simplified of late years, and it is now found that the 
simplest possible packing answers well for locomotives 
at speeds of considerably above 1000 ft. per minute. 
But it is to be remembered that locomotives seldom 
run ten hours continuously, whereas marine engines, 
as in the case of the Cape steamers, have run for 
thirty-two days without a single stop, On the other 
hand, locomotives run through the open country, and 
in the summer through dust and flying sand, which 
pore to every part of the motion work, and we 
1ave seen it grind into smoke and flame the oil upon 
the guide bars. The constant presence of dust and 
grit upon railways must never be overlooked in con- 
sidering the question of high piston speeds. Indeed, 
the dust from the footplate, especially with Mr. 
Sturrock’s steam tenders, is enough to cut out piston 
rods and valve spindles, packing journals, guide blocks, 
&c., in a comparatively short time. At sea, the ordi- 
nary motion of the engines may be slower, but the 
parts are much heavier, and often working under a 
greater pressure per square inch, not of pistons, but of 
bearings, link-motion blocks, &c. Marine engines, 
too, work in a heated atmosphere, with but little and 
imperfect circulation, whereas locomotives radiate their 
heat to an extent of which those on shipboard can 
hardly have any conception. 

As for the cylinders of marine engines, we'l-utting, 
and simple pee. will save them at high 
speeds, coniiel, of course, that the cylinders them- 
selves are of the hardest Madeley wood iron, or a mix- 
ture of cast iron and cast steel. At any rate, tiey 
must be hard for high speeds to be maintained wi*'iout 
interruption for ten, twenty, or thirty days tog -her. 
It is not only necessary that the engines should be well 
built, but they should have provision for carrying off 
the heat generated by the — cranks, &c. Our 
own opinion is that, next to large and longer bearings, 
fitted in the best manner, marine engines should be 
protected by running water through the guide bars 
and plummer blocks. The latter are already kept 
cool in this way in nearly all quick-working American 
screw engines; and with such precaution, no well-fitted 
engine, however large, need heat the journals or guile 
blocks at even 1200 ft. of piston per minute. The 
ylummer blocks are cast hollow, and the water is 
~e. through them by a pump, either for circulation 
in the surface condenser or it may run to waste. 

But supposing the inerease of piston speed from (say) 
500 ft. to 750 ft. per minute, by substituting a 6 ft. 
stroke for a 4 ft. stroke at the same number of revo- 
lutions, the area of the pistons being correspondingly 
diminished, so that if 100 in, diameter were employed 
with the 4 ft. stroke, 81} in. only would be required 
for the 6 ft. stroke, we should not then have derived any 
very substantial advantage, unless it is that we should 
have taken off one-third of the pressure at any moment 
upon the guide blocks and crank pin, and upon the 
main journals when turning the centres. Although an 
81} in. cylinder, 6 ft. long, has the same capacity as a 
100 in. eylinder, 4 ft. long, the former has less external 
and internal surface for cooling, and, with a given thick- 
ness of metal, would weigh ay The smaller piston 
would weigh less, but the piston rod and connecting 
rod, being longer and requiring some corresponding 
allowance for stiffness, would not be lightened, and 
thus the whole reciprocating weight in motion would 
be diminished but little. 

Unless, therefore, a greater number of revolutions 
he required, we do not suppose that any decided gain 
ell attend the lengthening of the stroke with an 
increase in the speed of piston. Engineers, apparently, 
have no fear of mcreasing the diameter of the cylinder 
in order to obtain any desired total pressure at each 
stroke, The Lord Clyde has engines, by Messrs. 
Ravenhill, with cylinders 116 inches in diameter; and 
if we continue to build larger and larger ships, cylin- 
ders of 120 in. or even 144 in. may yet become com- 
mon, There are engineers who would keep down the 
diameter of the eylinders by increasing their num- 
ber, as in the 1600-horse screw engines of the Great 
Eastern, which have four cylinders, as have, also, 
the paddle engines. But an increased number of 
smaller cylinders weigh more, offer more cool- 
ing surface, both externally and internally, require 
more oil and are really more likely to break down than 
half their number of larger cylinders. It is, indeed, 
upon these grounds that more than one engineer has 
recommended single cylinders, as generally employed 
in the American screw coasting steamers, Many ob- 
ject to them on account of irregularity of motion, but 
a well-made engine, working at sixty revolutions per 





minute, and driving a heavy screw which acts to a great 
extent as a flywheel, will be found to work smoothly, 
whether it has one or two cylinders. To refer to land 
engines, there are none running steadier than those 
known as the Allen and the Corliss engines, both having 
(although not necessarily) single cylinders only. 
Messrs, Eyan Leigh, Son, and Co., of Manchester, 
baye an Allen engine with 3 ft. stroke, making 100 re- 
yolutions per minute, and in the working of their po- 
lishing lathes at 3500 revolutions per minute, at which 
rate any irregularity of motion in the engine would be 
detected, it is found that it is working with a perfectly 
uniform motion, Another objection to the single cy- 
linder marine engine is the alleged difficulty in start- 
ing and reversing, the engine being more apt to 
hang on the centres. The Americans, we be- 
lieve, always depend upon hand gear in starting 
and reversing their phe engines. With overhead 
cylinders, the forward engine having broken down, we 
have known six hours or more spent in getting the 
after engine to turn the bottom centre and start off. 
But in this ease there was not enough counterweight to 
the weight of the piston, cross-head, rods, and crank. A 
horizontal engine would, of course, have gone off with 
less difficulty, probably with none at all. ‘The sug- 
gestion may be worth considering whether, in the case 
of single engines, a disc with frictional grooves might 
not be secured upon the shaft, and be connected, by 
frictional gearing capable of being thrown in or out, in 
an instant, with the donkey engine working the circu- 
lating-pump or air-pump, where a donkey engine is 
used, If the crank-pin were fixed in a disc, the periphery 
of the dise might be grooved, although most engineers 
would prefer a crank in the solid, With a donkey 
engine going at 100 revolutions per minute the main 
engines could easily be started by them, and moved at 
the rate of at least ten revolutions per minute. We 
are not denying that single engines may present 
some difficulty in starting; but, should means be 
adopted for overcoming this, we are confident that 
no real objection exists with respect to regularity 
of motion. As for the rest, a much simpler, lighter, 
and really stronger engine can be made. with a 
single cylinder than with two or more. There would 
be far less cooling surface inside and outside of the 
cylinder, the crank-forging would present far less 
difficulty, and the engine would have but about one 
half the present number of parts liable to accident, 
Most of our readers know that the intermediate shafts 
of paddle steamers are the most apt to break, showing 
thatthere is an extrastrain due to coupling. In the Holy- 
head and Kingstown steamers these shafts, when ale 
of iron, were repeatedly breaking, and Krupp’s steel 
had to be put in. ‘ 

With twin screws, and with independent engines, we 
should certainly recommend single cylinders, as sufli- 
cient under circumstances. ‘Those who haye 
watched this question are aware that for land engines 
there is an increasing tendency to employ single 
engines, the prejudices of many cotton manufacturers, 
millers, paper-makers, &c,, having given way in this 
respect, For portable and traction engines they are 
becoming common, and they may possibly yet become 
general (as is the case abroad) in steam vessels. 





ENGINEERING EDUCATION. 


Tue knowledge which the youth, intended for an 
engineer, should acquire, would, we may believe, be 
best imparted by an engineer. A boy may be sent to 
the best schools, and yet learn little or nothing of 
natural forces, of the laws of matter, of the qualities of 
materials, or of the leading data from which, often 
carried in his own mind, the engineer is able to draw 
many important conclusions off-hand, All this is apart 
from the ordinary sphere of school instruction, and is 
not even expected to accompany it. But when the youth 
enters the engineer’s office, where, it might be presumed, 
he would learn the whole art and mystery of engineering, 
he commonly receives no methodical instruction what- 
ever. He learns the routine of the office, and may be 
told to keep his eyes open. In the profession it is 
notorious that the me t that is done for the pupil is to 
give him opportunities for “ picking up” al he can 
for himself, Au evsjineer in even moderate practice 
seldom has the time to instruct his pupils, in the sense 
of explainixg and illustrating to them the principles of 
their work. He commonly has about him one or more 
clever assistanis, who are generally self-instructed, and 
who take to themselves the working out of new designs, 
leaving the younger gentlemen to deal with forms and 
routine. If of course, they too have that rare faculty 
by which some men instruct themselves, they may 
& become clever assistants, and, at last, good 
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engineers. But the whole theory upon which tutorial 
edueation proceeds, is that most persons may thus be 
educated to an extent far weal that to which they 
would ever educate themselves, if left alone to do so. 
We wish to draw no comparison between tutorial 
education and self instruction, but to say that the 
latter, valuable as it may be, is out of the question 
with the majority of young men. They cannot see the 
why and wherefore of the thousands of laws and facts 
upon which the seience of engineering depends, and 
they need the help of some one, competent to do so, to 
show them. It is not enough to refer them to books. 
Their reading needs to be directed, and the obscure, or 
difficult, or irrelevant matter explained, or omitted. 
They need the presence, the advice, and encourage- 
ment of some one to whom they can always look 
up to as a master. They need that familiar illus- 
tration, and apt reference to things about them, 
or in which they may happen to take a special 
interest, which will make knowledge attractive for its 
own sake. Go through the engineers’ offices in West- 
minster, and of the young men who haye even passed 
three years there—what proportion of their whole 
number possess any considerable range of accurate 
knowledge, or have definite opinions, which they can 
support by demonstration, as to the leading branches 
of practice? One of the most eminent men in the 
whole profession said to us the other day, “ When I 
“was in Germany, fifteen years ago, I was frightened, 
“and I am frightened still, to witness the vast 
“superiority of their system of education oyer our 
“own. Englishmen have had the genius to invent, but 
“the foreigners are learning to, beat us out of the field 
“with our own inventions.” And sothey are. They 
pick up improvements even quicker than we do, and 
are bringing to bear all the knowledge and skill they can 
in manufacturing and commercial competition. Even 
if we do not need to fear for the result, there is none 
the less reason why our young engineers should not 
be as highly educated as is consistent with a due at- 
tention to practice,’ and we would not, even b sugges. 
tion, underrate the great value of practice. If we had 
to choose we would say let us have practice even with- 
out education, but we can have both, and we desire that 
young engineers should have both. 

We need an engineering school, worthy the pro- 
fession—one where a young man may follow one or 
more courses of study in the branches which go to 
make up engineering knowledge, and for a longer or 
shorter term according to his wants or convenience. 
Such a school should be of high character, but it should 
be carefully kept free front Government, patronage, 
and thus from Government interference, After what. 
has been done in the City, a fund of nearly or 
quite 100,000/. having been already raised in aid of 
middle-class education, the engineers should cast about 
for perhaps 20,000/. to establish a special school. This 
sum could be raised in a week. Let it be given out, 
as distinctly as the leading engineers, and especially the 
younger but rising engineers, care to commit them- 
selves, that they should give a preference, in the selec- 
tion of their pupils and assistants, to those who had 
passed satisfactory examinations at the Engineers’ 
School (or College, if the term be preferred), and an 
attendance of pupils would be at once secured which 
would render such a school self-supporting. The great 
engineers, especially the mechauical engineers, can 
hardly deal with the constant applications made to 
them to admit pupils. We believe that Messrs. Penn 
and Son have had as many as 130 pupils on their works 
at one time. Were it given out that engmeers in 
large practice would select their pupils mainly from 
those who had passed the Engineers’ College, the at- 
tendance there, as we have said, would soon be such as 
to render any pecuniary application to the profession 
or the public unnecessary. 








BRIDGE CALCULATIONS. 


_ Messrs. Spon, of Bucklersbury, have just pub- 
lished a valuable diagram, prepared by Mr. Baker, who 
has for some years made the calculations of the weights 
and Strains of bridges in the office of Mr. Fowler, of 
Westminster. The Standing Orders of the House of 
ommons for 1865 required, for the first time, that 

detailed estimates of all roposed works for which 
powers were sought, should be made, and form part of 
the deposited plans. For a line of railwa ving 
many bridges, the calculation of the weights and 
Strains of each would be a work of much labour. Mr. 
t long ago prepared a diagram, consisting ofa series 

of curves and ordinates, from which the weight of a 
girder, of any construction, of any span, of any depth 
and having any usual range of live load and of strain 





per square inch of iron, can be taken out almost by in- 
spection. The useful work done by a girder is mea- 
sured by the load carried exclusive of its own weight. 
The per centage of live load that the girder will weigh 
depends theoretically on the span, depth, and strain 
per square inch, but practically on the span, depth, 
strain per square inch, and the Joad per foot run on 
the girder. The last condition for the ordinary run of 
work is the most important. The diagram shows at a 
glance the relative importance of the different conditions. 
A certain proportion of depth and strain per square inch 
is sepia to start with, and curved lines are drawn, 
representing the per centage of load the girder would 
weigh, the theoretical line being, of course, the lowest of 
all, the heavier loads approaching nearer to it, and the 
light loads widely diverging from it. Certain cor- 
rections give the result for any other depth or strain 
for plate, box, lattice, or cast-iron girders. Taking a 
railway plate girder for a single line and of 80 ft. 
we find diminishing the depth 20 per cent. would in- 
crease the weight 34 per cent. ; diminishing the strain 
per square inch 20 per cent. gives 64 per cent. increase ; 
that a lattice girder would be 16 per cent. lighter, and 
a box girder 26 per cent. heavier, whilst an increase of 
40 per cent. would make the girder strong enough for 
a double line. It is well known that it is sometimes 
cheaper to carry a load twice, that is by cross girders, 
and then by the main girder, the diagram shows at once 
when this is the case, and when the sum of per-centages 
is smallest the distance apart of the main girders is de- 
termined. If the weight only of the girder is re- 
quired, a special scale on the diagram gives it at first 
reading. 








PARIS UNIVERSAL EXHIBITION, 1867. 


Memorandum on the Arrangements for the Machinery Gallery 
of the Paris Exhibition ; by Captain Festing, RE. 

I.—By the General Regulations for the Universal Exhibition , 
approved by Imperial Decree of the 12th July, instruments and 
processes of the common arts are placed in cpus VL., which is 
divided into. 20 classes. A gallery 115 ft. wide and 82 ft. high, 
is to be provided in the building for this group. In breadth this 
gallery is to be subdivided into a phere: om 75} ft. wide, and 
two side passages each 164 ft. wide, leaving a space of a little 
over 8ft. at each side for counters and glass cases, placed 
against the partition walls. In the middle of this central block, 
and rnnuving throughout the machine gallery, there is to bea 
— 13 ft. wide, supported on columns about 14} ft. high. 

rom this platform, visitors will be able to see at a glance the 
machines exhibited, The columns of the platform will also 
carry two parallel main shafts, for transmitting’ motion to the 
various machines, and under the platform will be workshops for 
skiled mechanics, whose work is to be exhibited as examples of 
the processes of the common arts. In the words of the supple- 
mentary instructions issued by the Imperial Commission relative 
to the arrangement of this group: 

‘*It is not enough, in fact, to show to the visitors of an Ex- 
hibition the mechanical powers characterised by power and 
speed. In juxtaposition with it must be placed the work of 
man, showing perfection of taste, manual dexterity, and in- 
telligent precision. In adopting this scheme the Imperial 
Commission believe that they will remedy an undesirable’ 
omission, and at the same time add a perfectly new attraction 
to the Exhibition of 1867. By this means the Commission 
hope to suggest comparisons both useful and productive, to 
bring to light the share of the workmen in the productions of 
industry, and at the moment when machinery seems on the eve 
of absorbing every manufacture, to show that for certain works 
the hand of man can defy all:mechanical competition. -A special 
Class of Group X. (Class 95) comprises the most attractive and 
ingenious processes carried on by hand labour, and particularly 
those suitable to skilled workmen, But some of the Classes of 
Group VI. are also open not only to the apparatus enumerated 
in the system of classification appended to the General Regula- 
tions (Appendix A.), but. also to the workmen achieving either 
with or without simple tools, results which these apparatus pro- 
duce mechanically. The following may be quoted as examples: 
in Classes 55 and 56, weaving, rope-making, spinning, embroi- 
— , knitting 5 and in Olass 59 paper-making, book- 

inding.” 

“This Exhibition of manual labour will not excite so much 
interest unless it be placed in juxtaposition with the ma- 
chinery with which it contends with more or less success, 
according to the particular industry. The workmen who 
are to use manual labour will find under the central plat- 
form mentioned above a workshop, separate from the collection 
of machines, but sufficiently near to them to render comparisons 
easy. The portions of this covered ground space thus converted 
into workshops will be flanked on each side by a passage 6 ft. 
wide, which will allow visitors to approach and observe in detail 
the performance of the workmen. 

_ “In order to give greater prominence to the collection of ob- 
ects comprised in a Class, it is desirable that the public circu- 

ting in the lateral passages of 5 metres which extend along 
the whole length of the gallery should be able to see the central 
block displayed as a whole without being obliged to make their 
way into it. To effect this object, the Committee should as 
much 4s possible place the machines upon stages rissng from the 
border of these passages up to the central platform. - If neces- 
sary, steps with proper foundations rising one above the other 
would produce this amphitheatrical effect. 

“Qn the other side of the 164 ft. passage laid out on each 
side of the central block, tables and glass cases will be placed 
against the wall for the reception of a multitude of chjects, 
machines or apparatus of small size, which would be lost, 





amidst the large engines placed in the centre block. Lastly, 
the partition walls of the great gallery which has just been de- 
scribed will be available for the exhibition of drawings, trophies, 
and objects which are of no great thickness. This additional 
space, which it will be expedient to turn to account, will give a 
desirable depth to the space where the objects are exhibited. 
Each Committee should make every effort to obtain for exhibi- 
tion those little known and attractive processes, each successive 
stage of which can be followed, showing how the raw material 
is transformed. into the finished product. Under this head may 
be mentioned the manufacture of paper, completed by the 
process of printing; spinning, weaving, &c, It will also be de- 
sirable, where in any Class the manual labour can be brought 
into proximity with the mechanical, to find a place for the 
workmen under the central platform, prennees the general 
arrangements do not suggest a more suitable spot.” 

Il.—The cost of all foundations, &., and all erections and 
fittings necessary for the proper display of the objects in this 
group is to be borne by the exhibitors. 

The motive power for the machines exhibited will of course be 
procured preceely by steam, but other means will not be ex- 
cluded. Instead of the supply of motive power being carried out, 
as hitherto, by the administration, it has been decided to employ 
the system of private enterprise, and to distribute the generators 
of force at various points round the Exhibition building instead 
of concentrating them in one spot. 

lil—The whole machinery gallery is to be divided into a 
number of sections, each of which will have its own system for 
supply of motive force. 

Wer he Imperial Commission will enter into agreements 
with contractors for the supply of motive power for the various 
sections. 

V.—The British Executive has arranged to contract for the 
supply of motive power to the British portion, which consists of 
two anda half of these sections. 

VI.—All prime movers are to be inside the building; accumu- 
lators for the supply of water under pressure to hydraulic 
engines should also be inside, as well as reservoirs for gas, com- 
pressed air, &c., for working any part of the machinery, if they 
are free from danger and inconvenience. The boilers, or other 
generators of force which require fire, are to be outside the build- 
ing at the distance of 98} ft. from its exterior, or about 197 ft. 
from the centre of the machine gallery. 

VII.—Each section of the building will have its set of boilers. 
From thence the steam is to be conveyed by pipes to the prime 
movers in the galleries. The prime movers will not be collected 
in one group, but will be distributed wherever there may be 
need of motive power from one-horse or half one-horse power, 
as supplied by gas engines to that required for the largest ma- 
chines. 

It is requested that those exhibitors who may wish to assign 
their prime movers to the use of the Exhibition will notify their 
wishes as soon as possible. They will have to fix them on solid 
foundations and fit them up for work. 

VIIL.—The only conditions made by the Imperial Commis- 
sion with regard to the generations of motive force is that those 
for each section should be in a certain position on one or both 
sides of, but close to a road in the park which leads to the en- 
trance door of the section. For each section there may be any 
number of boilers of the same or different kinds, 

IX.—The boilers, shafting, and prime movers will all be con- 
sidered as objects exhibited, and must be accessible to the public. 
It will, therefore, be desirable to have as great variety as 
possible, in order to show the various ways of turning to account 
the force derived from the combustion of the fuel employed. 

X.—All machines which work with their own boilers, and 
which the exhibitors may wish to show in motion, must be placed 
in the Park. The Imperial Commigsion will make special 
arrangements about such machines, 

XI.—Processes which require the use of fire, such as the 
working of metals, glass making, &., must be shown in the 
Park, and the works will be arranged round the boiler houses of 
each section. The exhibitors will have to construct all the 
necessary buildings for these works, and to plant, turf, and keep 
in ged order the approaches to their establishment. 

II.—It is suggested by the Imperial Commission that those 
who wish to exhibit agricultural machines at work which cannot 
with safety or convenience be placed within the building, should 
club together to erect in the Park, at their common cost, some 
inexpensive structure for their machines. 

XILI.—Those who may wish to exhibit machines for raising 
water, &c., may in the same way unite to make a pond in the 
Park. ‘This pond can be supplied from a well in the French 
portion of the Park. 


E. Rosert Festina, Captain, R.E. 
January, 1866. 








Tue CuERBOURG BREAKWATFR.—During the recent gales, 
fifty large stones, on the sea face of the Cherbourg Breakwater, 
and a number of cannon, were washed into the harbour by the 
violence of the waves. 

Hicu Piston Speep.—One of the leading firms of marine 
engineers on the Thames, is about taking in hand a contract for 
large engines of 5 ft. stroke, which are to make 60 revolutions 
per minute, corresponding to a po speed of 600 feet. 

CupoLa Furnaces.—Mr. Evan Leigh, of Manchester, has 
swe so the substitution of a chimney for fans or other 

lowing apparatus for cupola furnaces. He says nothing, however, 
of the height of chimney he would require to get up a 
draught of even 4 or 5, not to say 16 to 20 inches of water, 
nor of the quantity of heat which the chimney would absorb 
before it began to draw properly. We know a chimney 140 ft. 
high, which draws eight-tenths of an inch of water, and the 
draught is considered very good. 

Hicgu anp Low Pressure Borters.—We find from the 
scale of premiums issued by the National Boiler Insurance 
Association that the rates charged for insurance increase with an 
increase in the pressure at which the boiler is worked. Thus a 
boiler, the condition of which jplaces it in the A class, can be 
insured for 15s. per annum if worked at a pressure of 25lb. per 
square inch; if the pressure is between 25 and 40 lb. the 
premium is 20s.; if between 40 and 60 lb. it is 26s., and if the 





pressure is above-60 lb. it is 30s. per annum. 
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WEEKLY LIST OF ORIGINAL ARTICLES 


Published in Recent Numbers of the Chief Scientific Foreign 
Periodicals or Reviews, and which may be consulted at the 
pe 


Free Library of the Patent Office, Southampton-building 
VII. Comptes rendus. 
(1866. Nos. 1 and 2). 


Sir David Brewster. On the history of the spectrum analysis. 

V. A. Le Besque. New theorem on the solution of binomial 
equations with a prime modulus. = 

Guyon. Certain observations towards the identity of cholera 
with concomitant epizooty. 

A. Trécul. On the vessels of the aroidx plants. 

Ad. Chatin. On the cirrhus of cucurbitaces. ; 

J. Jeannel. New researches on super-saturated saline solutions, 
and criticism of pancrystallisation. A ac 

Athanase Dupré. Un the number of molecules contained in units 
of volume. 

J. Salleron and V. Urbain. New method of testing mineral oil. 

Eug. Rolland. Apparatus for regulating steam pressure. 

Conteyean. On Diluvian phenomena. 

Em. Duchen:'=. On bees and one of their parasites. 

Gruey. On the bolis of the 7th December, 1865. 

L. Simonin. On the climate of California. 

A. Cazin. On the expansion of saturated steam 

Hempel. On the power of hypoazotic acid gas of conducting 
electricity. 

Phipson. On the medicinal mud of the isle of Ischia. 

Phipson. Remarks on Mr. Liais’ paper on the earth falling in 
with the tail of the great comet of 1861. 

Hermite. On equations of the fifth degree. 

Daubrée. Algerian meteorites of the 25th August, 1865; mete- 
oric iron at Dellys. 

De la Gournerie. On lineal symmetrical tetrahedral surfaces. 

Coupvent des Bois. On the height of the waves on the surface 
of the ocean. 

Guly-Cazalat. New expeditious and economical process for con- 
verting pig iron of any bulk into cast, homogeneous, 
and fine steel. 

Peyrani. On the non-regeneration of the spleen. 

J. Nicklas. On the effects of colours, and extinction of colours, 
obtained by artificial light. 

Berthelot. Formation of acetylen by incomplete combustion. 

Aug. Duméril. On the Lepidosirens (Protopterus annectens, 
Rich. Owen) that lived at the Menagerie of Reptiles of 
the Museum of Natural History, and formed their 
cocoons at that place. 

F. Pisani. On the garnet sand of Pesaro.—On the thulite of 
Traversella in Piedmont.—On the Vicentine bustamite. 





XX. Annales du Conservatoire des Arts et Métiers. 
(Vol. vi., Parts I. and II.) 

H. Tresca. Memoir on the flow of solid bodies. 

General Morin. On heating and ventilating apparatus for hos- 

itals. 

A. Payen’ Singeing or torrefying timber and rocks. 

H. Tresca. Official report on the experiments made at the Con- 
servatoire des Arts et Métiers with Perrigault’s double 
ventilator. 

H. Tresca. Official report on the experiments made at the Con- 
servatoire des Arts et Métiers with Coque’s hydraulic 
motor. 

H. Tresca. Official report on the traction experiments made at 
the Conservatoire des Arts et Métiers with two pieces 
of steel wire of a diameter of 2 mil. 67. 

Alcan. On a proper method of teaching the textile arts. 

De la Gournerie. On a model of a lineal surface of the third 
order. 

General Morin. On the means of cooling the air in public or 
private buildings. 

A. Payen. On the iodide of potassium. Comparative reactions 
and tests of alkaline iodide, bromide, and chloride. 

Eug. Peligot. Chemical and physiological researches on silk- 
worms. 

Michal Alcan. Researches on felting and felting fibres. 

Tresca, Official report on the traction experiments made at the 
Conservatoire des Arts et Métiers with silk ropes. 

Tresea. Official report on the experiments made at the Con- 
servatoire des Arts et Métiers with Barbedienne’s 
steam engine 

Tresca. Official report on the experiments made at the Con- 
servatoire des Arts et Métiers with Robren’s steam 
with instantaneous vaporization. 

H. Tresca, On Wohl’s fodder-press. 

H. Tresca. Official report ov the experiments made at the Con- 
servatoire des Arts et Métiers with Gay’s stone-cutting 
machine. 

Aug. Houzeau. Researches on the arsenical chlorohydric acid of 
commerce. 


X. Annales de Chimie et de Physique. 


(1865. December.) 


Berthelot. On animal heat. 

J. Pelouze. On adventurine with a base of chrome. 

J. Pelouze. Colouring glass by means of selenium. 

E. Linnepann. On the relations between isopropylic alcohol, 
propylglycol, and glycerine. 

I. Carius, Converting benzine into nexylen. 

G. Briegel. On the preparation of the radical of benzoic acid. 

G. Briegel. On a certain product obtained by the reduction of 
nitrosalicylic acid. 

E. A. O. Bilfinger. On azodracylic and hydroazodracilic acids. 

A. Werigo. Action of the amalgam of sodium on nitrobenzine. 

Kraut. Experiment for public lectures on the oxidation of 


ammonia. 

H. —— On a certain acid being isomeric with coumaric 
acid. 

Th. Engelbach. On the existence of rubidium, vanadium, ete., 
in basalt. 


H. Limpricht. On monochlorous chlorobenzole. 








P. Griess. On the perbromides of diazote acids. ; 
C. Weltzien. On the decomposition of chlorbydric acid by 


copper. 

L. Barth. Historical facts on tyrosine. 

C. Saytzeff. On the paroxybenzoic acid produced by the decom- 
position of anisic acid under the influence of iodohydric 


acid. 

G. Fischer. On paranitrobenzoic acid, a new acid, being isomeric 
with nitrobenzoic acid and its derivatives. 

G. Malin. On Carthamine. 

W. Pfeffer and R. Fittig. On certain metamorphoses of dichlor- 
hydric glycid, and on its conversion into allylen. 

Max Berend. On certain new derivatives of acetylen. 

C. Liebermann. Researches on allylenic compounds, and on the 
derivatives of allylen. 

W. Lossen. On oxyammounia or hydroxylamine. 


VI. Journal fir praktische Chemie. 
(1865. No. 20.) 
Bibra. On certain copper ores from the Bay of Algodon in 


Bolivia. 

A. Béchamp. New process for purifying thick oil of coal tar, 
and new hydrocarburet in the same. 

A. Naquet. New hydrocarburet from the oil of coal tar. 

On the hydrocarburet of oil of coal tar. 

E. Reboul. On valylene, a new hydrocarburet. 

Dr. A. E. Hofmann. On creosote. 

C. Gilbert Wheeler. New Method of estimating azote in organic 
and inorganic substances at once, by means of carbon 
and hydrogen (with plates). 

Prof. Kobell. On subniobic and dianic acid. 

Prof. Kobell. On a Chilian brochantite. 

Bahr. On the probable identity of wasium with thoria. 

Dr. Finckh. Action of chlorine on aloé. 

Dr. Blondlot. On black phosphorus. 

G. Stiideler. Crystallized carbonate of potash. 

Limpricht. Phosphoric ether of ethyl. 


IV. Organ fiir die For:schritte des Eisenbahnwesens. 
(1866. Part 1.) 


R. Paulus. -- “eens of Bessemer steel, and its application 
to rails. 

Oberbeck. Equipoised turnpike with a wire-pull (with plates). 

C. Hladik, On the determination of the required number of 
brakes in railway trains. 

M. M. Weber. On Ehrhardt’s movable centesimal balances 
(with plates). 

G. Krauss. On four-wheeled coupled locomotives for travellers’ 
and mixed trains. 

Ed. Beuther. Axle boxes of railway carriages (with plates). 

T. W. Eichholz. Exchange of the axle beds of locomotives and 
railway-carriages at the Berlin Stettin railway works 
for repairs (with plates). 

F. H. Ehrhardt. Engine for boring cylinders of locomotives 
(with plates). 

Th. Biite. On the welding of iron tubes of boilers (with plates). 

Keys of railway-chairs on French railways. 

Gate for —s aa on French and English railways 

with > 

Siena Engine and lift for levelling the permanent way of 
railways. 

Feed-pumps of the reservoirs on the French western railway 
(with plates). 

Krauss. Movable engine for working turn-tables at Zurich (with 

lates). 

On vertical bolts and cramps of fireboxes. 

C. Hagen. Grate for glass gauges and improved pet-cock. 

C. Sehan. On Hall's system of locomotives. 

Hesekiel. On the best and cheapest axles and wheels for railway- 


carriages. 
Ferd. Teirich. Btilising the wires of bell-signals for telegraphic 
communication between stations. 
Grinding steel tyres hardened by brakes (with plates). 
Simple method of ascertaining the speed of railway trains. 


XXI. Zeitschrift fir Bauwesen. 
(1866. Parts I.-IIL.). 


E. Knoblanch. The new synagogue at Berlin (with plates). 

F. Adler. Mansion at Berlin (with plates). 

W. Schwedler. On the construction of ore (with plates). 

Hiigel. Bridge on the Inn at Passau (with plates). 

L. leon. Canalisation of the Upper Saar (with plates). — 

Simon. The iron permanent way of the Altenbeken-Holzminden 
Railway (with plates). 3 

Wahler. Results obtained in making experiments on the relative 
strength of iron, steel, and copper (with plates). 

Bannwarth. Combining brickwork with square stone blocks. — 

Heidman. Researches on Arthur Morin’s mode of ventilation 
(with plates). : ; 

Schwabe. Communication by railway with Italy, especially with 
respect to the St. Gothard line. : A 

Report of the meetings of the Berlin Society of Architects in 
June, September, and October 1865. . 

Report of the meetings of the Berlin ys! for the Promotion 
of the Arts relating to railways, held in September and 
October 1865. 








Tue Sovrnern OuTraLt Sewacr.—Mr. Ellis, whose 
scheme for utilising the sewage of the Southern Main Drain 
had received the approval of the Metropolitan Board of Wo 
has found himself unable to proceed in Parliament to obtain the 
necessary powers to carry it out. The Board will soon decide 
whether tenders for utilising the sewage will be publicly adver- 
tised for. 

EFFECT OF THE SEWERS ON THE Roaps AT HAMPSTEAD.— 
The leakage from the sewers in the neighbourhood of Hampstead 
has in some cases caused the roads under which they pass to 
become undermined, through the washing away of the sand 

rtion of the soil. Several accidents have occurred throug 
orses breaking through into the hollow places thus formed. 





A COMIC COLUMN. 

Tue literature of engineering is, almost of necessity, 
— and exact. Nor do we wish to see it otherwise. 

ut we must confess to a sense of amusement, when 
we find an engineering subject relieved by the broad 
humour which Mr. Burgh throws into a recent work of 
his, and from which we made a few quotations last 
week. This work upon “Marine Engineering,” may 
be said to have been conceived in the sentiment of the 
Poet Close, and expressed in the manner of Artemus 
Ward. Few of our readers, unless they had procured 
the book itself (and to which we wish an immense sale), 
would have imagined that such quotations as we give 
below, were really to be found in any work in the 
~— language, if, indeed, the language of Mr. Burgh 
be English. 

“ As for immersion, many authorities advocate a deep localisa- 
tion for the pee others again e contradictorily, speci- 
fying the evils of deep immersion, and at the same time urge a 
reduction of the same to gain power. Both partisans, however, 
are correct in their theories, where a smooth surface of the ele- 
ment can be ensured, the depth for the screw can be much less 
than for sea vessels.” 

“ The scientific feud, ‘ Paddle, versus Screw,’ may now be said 
to be at anend. The supporters of the paddle wheel deemed the 
screw system anything but a fiducial mode; indeed, so prevalent 
was the mistrust, that much money and time was spent before 
the public mind would engross itself in the cause.” 

“Many makers of these (oscillating) engines have the idea 
bs omer that great length of stroke is correct; to justly 
deduce what is perfection of proportion, will be to consider 
natural laws, the truthful application of which will be attended 
to, per se, seriatim.” 

“Tn all modern productions, the makers are careful to locate 
the bottom framing and cylinders as near the bottom of the 
hull as the floor will admit. Now this may be said to be a 
recognition of what every rivet boy knows. This however, is . 
not all that must be noticed: centre of motion, of the power 
produced, in relation to that expended, are matters which should 
in all cases be remembered. As this chapter is merely a review 
of neutrality, or a silent opinion preserved, further remarks on 
the proper considerations are reserved for the future.” 

“ The vital intention of the advocates of rotary engines is, 
to dispense with the crank and the connecting rod. Now these 
important details may be said to be the partial regulators of the 

wer of the engine. It is well known that a lever of an 

length exerts a power equivalent, due to the force contel, 
hence we find that a long crank is more powerful than a short 
one, although the force exerted be alike.” 

“The circle is the only form or shape that admits of an equal 
pressure throughout, hence the friction of fluids and 3 pass- 
ing through circular pipes is always less than throug! elo- 

$ or square openings.” 

“The gain of the low pressure over the high is, that, the 
former is assisted by a vacuum, while the latter is retarded 
rather than accelerated by the atmosphere. This is the nucleus 
of the theory held forth by the accipients of condensation, who 
hold that mode as perfection. Taking this fact as a guide, it 
might seem absurd to adopt any other way of using the mighty 
—_. Experience, however, teaches that, ‘theory and practice,’ 
although naturally firm adherents, are often sadly separated by 
interlopers in human form. The numerical figures previously 
alluded to, clearly showed that pressure of steain greatly regu- 
lated the area of the cylinder. Now ‘figures being stubborn 
truths,’ doubtless gave rise to the compound engine.” 

“Locality of detail being of great importance for marine pur- 

s, some engineers thereon engaged, were filled with the con- 
ception that, the bi ——— cylinder on the top of that for the 
low pressure, would be a step in the right direction. Other 
worthy members of the profession then proposed, and indeed 
actually constructed engines (high pressure) within the other 
(low pressure).” 

“The principal gain in the adoption of compound engines, 
consists in the preservation of the temperatures of the high and 
low pressure steam. The higher pressure passes into the smaller 
cylinder at a = temperature, and after exerting its required 
duty, enters the larger cylinder. Now it will by this be under- 
stood, that each temperature is preserved, per se, i.e., the pres- 
sure of the steam in the small cylinder is not reduced but by the 
effect of expansion in the same. The action of the steam in the 
larger cylinder will, of course, be likewise affected. Makers and 
advocates of compound engines, hold this argument only as a 
part of the gain to be derived by their adoption. The pressure 
of the steam acting on a fixed area of a piston, of course exerts 
a known force. It has been proved before, in this chapter, that 
simple calculation is only required to endorse this fact. The 
piston and connecting = & also the crank shaft of any kind of 
engine, can only be proportioned by the area of the piston and 
force imposed. With this natural cause and effect, as a rule, 
the devotees to the compound arrangement claim due atten- 
tion.” 








Surrace ConpEnsers.—Our best marine engineers, who 
have given the most attention to surface condensation, find that 
it leads to serious, and almost mysterious difficulties in working. 
The Peninsular and Oriental Company now have six of their 
best vessels in India practically unable to steam a single voyage. 
When fed only with the water from the condensers, the boilers 
are found to prime to an excessive extent, and their plates, too, 
are rapidly corroded. It is by no means certain that we shall 
not yet have to abandon, or at least materially modify, the 
present of surface condensation. 

Tae Unrrep Kingpom Raitway Routine Srocx Com- 
PANY.—This company owned, at the end of 1865, 5 locomotive 
engines, 22 passenger carri and 260 wagons and trucks. 
With the exception of 70 wagons let on hire, all this stock is 
let on terms for future redemption by the lessees. The dividend 
declared for the half year was at the rate of 7 per cent. per 
annum, and a considerable reserve was carried over. 
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SUBMARINE TELEGRAPHS. 


Mr. Fieemine Jenkin is doing good service by his 
Cantor lectures, at the Society of Arts, on the con- 
struction and electrical properties of submarine cables. 
‘The greater portion of the public only seldom have an 
opportunity of obtaining, in a popular form, the settled 
results of recent telegraphic science, as distinguished 
from the theorising and empiricism which constantly 
attend it. Mr. Jenkin’s object is to spread more widely 
the knowledge possessed by those practically ac- 

uainted with submarine telegraphy, than to announce 
the latest discoveries or newest theories. 

In his first lecture, Mr. Jenkin begins with the 
conductor. This is almost always made of copper, 
because copper has a conducting power equal to that 
of silver, 14 times that of gold, nearly six times that of 
iron, 43 times that of brass, 13 times (nearly) that of 
German silver, 12 times that of lead, and 58 times 
that of mercury. Indeed, silver and copper are by 
far the best of all metallic conductors. The copper 
conductor cannot well be used as a single solid wire, 
because this is brittle, and will break upon being 
bent a few times backward and forward. The early 
cables, with a single conductor, were often interrupted 
by faults due to the fracture of the copper ; but this is 
now wholly prevented by making a conductor of three 
or seven strands of finer wire. If either one of these 
break, the electric current will, nevertheless, be carried 
on by means of the contiguous wires. The tensile 
strength of copper selected for electrical purposes is 
from 35,000 Ib. to 39,000 lb. per square inch, but its 
full strength is seldom brought into service, as the 
copper wires stretch from 10 to 15 per cent. of their 
length before breaking. This is, indeed, one of the 
most valuable properties of the copper conductor, as it 
will not break by direct tensile strain until its outer 
protecting wires have been first torn apart. 

Mr. Jenkin gives the following convenient approxi- 
mate formula :— 

“A copper strand will bear 13 lb. per pound weight 
“ per knot before breaking ; it will stretch one per cent. 
“ with 1 1b., and will not stretch at all with 0.75 lb. per 
“ pound per knot; thus a strand weighing three hun- 
“dred pounds per knot will barely support 450 lb., 
“ will stretch one per cent. with 300 lb., and will not 
“ stretch at all with 225 lb. The weight of copper in 
“ pounds ~ knot can be calculated from the diameter 
“ din inches by the use of the following constants :— 
“ weight=18,500 d? for solid ,wire, or 15,100d? for 
** strand.” 

The following is the mode of making joints in the 
copper conductor :— 

““A scarf joint is made by soldering together two 
“filed and fitted ends; this joint is wrapped round 
“with fine copper wire to give it strength, and solder 
“it again run round this wire; a second wrapping of 
“ fine copper is then applied, and left without solder. 
“ The jomt is necessarily less extensible than the rest of 
“ the strand ; if forcibly torn asunder, the last wrapping 
“ of ie ad maintains the electrical connexion, being 
“ simply pulled out like a spiral spring. No interruption 
“ from breakage at joints has ever occurred since this 
“system was adopted.” 

While the copper strand secures the cable against 
loss of electrion’ continuity by fracture, it offers more 
surface in proportion to its sectional area than the 
single large wire, and the extent of surface of the 
conductor may be said to measure the phenomena of 
induction. The induced current, manifested in long 
submarine cables, requires an additional interval of 
time between the signals, and in order to diminish the 
induced current, the surface of the conductor should be 
the smallest possible. It was for this reason that Sir 
Charles Bright and Mr. Latimer Clark formed the 
large and apparently single copper conductor of the 
Persian Gulf cable in six copper segments, fitting 
closely together into one apparently single wire. Here 
were the separate wires to preserve electrical continuity 
in case one should break, and there was a comparitively 
small inductive surface in contact with the gutta percha 
covering. 

Conduction takes place equally along the same 
section of the conductor, whether it be formed of one 
or of a number of wires. Conduction does not, as 
some have supposed, proceed upon the surface only of 
the conductor, but along its mass. 

As for insulators, glass, could it be used, would be 
the best. Of those that can be practically used, india- 
rubber comes first and gutta percha second. But even 
with a gutta percha covered wire, 99} per cent. of the 
current sent from England would reach America if the 
cable were but laid. The higher insulating power of 
india rubber is, however, of practical advantage in de- 





tecting faults. Besides, india rubber has less inductive 
capacity, and a long cable like that for the Atlantic tele- 
graph could transmit one-third more signals per minute if 
covered with india rubber than gutta percha. But, on 
the other hand, india rubber, as in the case of short 
lengths of cable where it has been used, has been found 
to deteriorate, and those most conversant with sub- 
marine cables, are least disposed to employ it. India- 
rubber, as long ago shown by Mr. Fairbairn, absorbs 
much more water than gutta percha, indeed Mr. 
Siemens has found that pure india rubber absorbs 25 
per cent., vulcanised rubber 10 per cent., and gutta 
percha 1} per cent., only of their weight respectively 
m _ water; the respective absorptions being 3, 2.9 
and 1 per cent. in salt water. The absorption con- 
tinued for three hundred days, and it was eight times 
greater for india rubber at 120° Fahrenheit, than at 
39°, although, with range of temperature, the absorp- 
tion of india rubber was only doubled at the higher 
degree of heat. Mr. Siemens considers that the ab- 
sorption is not increased by pressure, nor is gutta 
percha injured by it, as: proved by electrical tests of 
the Malta and Alexandria cable, after four years’ sub- 
mersion, and under a pressure in some parts of half a 
ton per square inch. 

Of gutta percha, Mr. Jenkin says :—“ Gutta percha 
“has considerable tensile strength, bearing about 
“ 3500 lb. per square inch of section, but owing to its 
“great extensibility, it does not add more than about 
“ one-third of its whole strength to the copper strand. 
“ Roughly, it may be said to add in small wires 20 per 
“cent., and in larger cases, 30, 40, or even 50 per 
“cent to the strength of the copper strand; it will 
** stretch 50 or 60 per cent. or more without breaking, 
“but almost always fails as soon as the copper inside 
“gives way. It will bear ill-usage, such as knotting, 
“squeezing, or stretching, without injury, but can be 
“pierced with a sharp instrument or cut by a knife 
“without much difficulty. Uniform pressure, such as 
“it sustains under water, improves its electrical quali- 
“ ties, augmenting its insulation resistance, according 
“to Mr. Siemens’ experiments, about 60 per cent., at 
24° C, for every ton pressure, per square inch, corre- 
“sponding nearly to 1000 fathoms depth of water. It 
“becomes soft at about 100° Fahrenheit, and should, 
‘after manufacture, never be heated beyond 90°. The 
“joints required are made by heating the two ends of 
“the covered conductors after the copper is joined, 
“and applying by hand successive coatings of warmed 
“and plastic gutta percha. ‘The separate layers of 
“outta percha are also cemented by Chatterton’s 
“ compound ; thus the joint is, when sound, very simi- 
“lar to the rest of the core. Extreme cleanliness 
“and much skill are required in making these joints. 
“‘Some years since the joints frequently failed, not 
“always when just oe but after some months, 
“becoming hard and brittle, and shrinking, so as to 
“leave a gap between the old and new materials. The 
“process is now thoroughly understood, and is a safe 
* one in skilled hands, but in skilled hands only.” 

In applying gutta percha to the conductor it is 
pressed out, while warm and plastic, through a die 
round the conductor; several successive coatings or 
tubes are thus applied, till the desired thickness is ob- 
tained. The first coating is attached to the strand by 
Chatterton’s compound of gutta percha and Stockholm 
tar, which is also used between each layer of gutta 
percha, and between the separate wires of the strand, 
to prevent the percolation of water along the inter- 
stices, in case any part of the copper should be acci- 
dentally immersed in water. 

We quote here what Mr. Jenkin says of india rubber 
and of its chemical properties and permanency. 

“This material is applied in many ways; most com- 
“monly tapes of masticated or bottle rubber are 
“‘ wrapped round and round the conductor until the 
“ required thickness is reached. At first these tapes 
“ were, as it might be termed, gummed together with 
“solvents, but these caused decay, and have been 
“ abandoned ; heat is now the common agent for effect- 
“ing the adhesion. Mr. Siemens, who applied his 
“ tapes longitudinally, like two long half-tubes, used 
“ simple pressure to join the two halves together. He 
“ employed most ingenious machinery to cut the tapes 
“the instant before they were applied to the copper, 
“as the material only reunites it uite freshly cut; 
“ several successive coatings could be applied in this 
“way at one operation. Some manufacturers con- 
** sidered that none of these methods were fully suc- 
“cessful, and vulcanised the india rubber, converting 
“ it into various materials of different degrees of flexi- 
“bility according to the process employed. This 
“ material was also criticised, and Mr. Hooper has 
“covered conductors with pure india rubber next the 





“ copper, followed by a coating of oxide of zine and 
“ rubber, and enclosed by a vulcanised jacket. In the 
“ process of baking the core to vulcanise the jacket, 
“a little sulphur penetrates the india rubber and the 
whole mass becomes remarkably compact and durable. 
“ Mr. Hooper heats the core to 250° Fahrenheit, and 
bakes it for four hours. The mechanical properties 
of these different materials vary greatly; they are 
all, however, very extensible, and do not add sen- 
sibly to the tensile strength of the conductor; they 
will bear considerable ill-usage, but are mostly softer 
than gutta-percha, and the pure rubber will not bear 
continued pressure even by a blunt surface, but 
gradually yields. The joints in each form are now 
made so as to imitate as far as possible the main 
core. Mr. Hooper bakes his joints two hours in a 
* steam jacket. 

“When dry and exposed to light, gutta-percha be- 
comes dry and brittle, losing all its valuable qualities, 
and is said to be oxidised. Under the same circum- 
stances the various forms of india rubber decay in 
various ways; some become treacly, some brittle, 
some almost friable. Mr. Hooper’s hard-covered 
seems to last best of all in air. When in water 
gutta-percha is, so far as fifteen years’ experience can 
show, absolutely permanent. Many thousands of 
miles have been laid down, and many hundreds of 
miles picked up after lying in the sea in various parts 
of the world, in deep and shallow waters, for many 
years, and not one single yard of material has been 
“ found which had under those circumstances decayed 
“ or lost its insulating properties. The importance of 
“ this fact cannot be over-estimated. The experience 
* as to india rubber is the very opposite to this ; little 
“has been employed, and a great deal of that little has 
“ been found to decay, so as to be utterly useless. No 
“ doubt improvements are continually introduced, and 
“ nossibly some of the forms now made may answer 
* Soiite, but till the subject is more thoroughly under- 
stood, it would be lost time to reproduce all the 
“ theories by which the various failures are explained. 
“Out of five specimens supplied lately to the Indian 
“ Government, one only, Mr. Hooper’s, proved durable 
* even for a year.” 


a 


7 


” 
. 


« 


5 


ce 





Tue INSTITUTION or Crvit Encingers.—At the meeting 
of the members of this Institution, on Tuesday evening, the 6th 
inst., Mr. John Fowler, President, in the chair, eleven Members 
and twenty-one Associates were declared to have been duly 
elected, including in the former class Mr. Charles Robert Atkin- 
son, Dublin; Mr. George Rowdon Burnell, Bedford-row; Mr. 
Francis Fowler, Finsbury; Mr. Charles Douglas Fox, Spring 
Gardens; Mr. Henry Gale, Westminster; Mr. William Bourne 
Lewis, Westminster; Mr. Robert Aspland Marillier, resident 
engineer to the Hull Dock Company; Mr. William Mason, chief 
assistant engineer for railways in New South Wales; Mr. 
Frederick Thomas Turner, Westminster; Mr. Thomas Penn, 
sami and Mr. Alfred Harris Vaux, East Indian Railway, 
Caleutta. The Associates elected were Mr. Henry Purdon Bell, 
resident engineer, Canal del Jarama, Spain; Mr. Robert Broad, 
the Horseley Works, Tipton; Mr. John Brown, Great Yarmouth ; 
Mr. Robert Harvey Burnett, resident engineer and locomotive 
superintendent of the Metropolitan Railway; Mr. Thomas Cod- 
rington, Norland-square; Mr. Charles Campbell Downes, chief 
resident engineer to the Quebrada Land, Mining, and Railwa 
Company; Mr. Francis Stacker Dutton, agent-general for Sout: 
Australia; Mr. Samuel Tate Freeman, Amsterdam Canal 
Works; Mr. Charles Frewer, Secretary to the Governor and 
Company of Copper Miners in England and Ireland; Mr. Easton 
Gibb, artes ; Mr. Charles Gilpin, M.P.; Mr. William Vernon 
Harcourt, Q.C.; Mr. William Harrison, Bank Foundry, Black- 
burn; Mr. Edward Barber Humble, East Indian Railway, 
Cawnpore; Mr. Frederick James, resident engineer of the 
Douglas, Ramsay and Peel Breakwaters; Mr. William Harring- 
ton Lucas, Belgrave-street South; Mr. Edward Monson, sur- 
veyor and superintendent of the Waterworks to the Halstead 
Local Board of Health; Mr. Frederick Newman, Long Ashton ; 
Lieut.-Col. P. P. L. O'Connell, R.E., consulting engineer for 
railways to the Madras Government; Mr. Joseph Robinson 
Ebbw Vale Company; and Mr. Henry Wyndham, Westminster. 

Marine Enornes.—Messrs. Maudslay, Sons, and Field, are 
about completing the engines of one of the four new Govern- 
ment a each of which will be rather larger than the 
Himalaya. The Jumna, whose engines are now nearly ready 
for fixing on board ship, have three cylinders with expansion 
gear upon Mr. Sells’s patent. They are of 700 atntinal horee- 
power collectively, but are to work up to 4200 indicated horse- 
power, or to twice that of the Himalaya’s engines. Messrs. 

faudslay are constructing a number of their three cylinder en- 
gines at the present time, among these more than one for twin 
screw vessels, with three cylinders to each screw or six cylinders 
in all. Within a few months, the firm have set up one of the 
largest lathes in England for turning shafts. It was constructed 
by Siesers Joseph Whitworth and Co., of Manchester. It has 
48 in. centres, and takes a shaft 50 ft. long. Messrs. Maudslays 
will shortly commence the construction of the engines of the 
new Turkish ironclad Fatikh, of 1350 horse-power nominal and 
which are to work up to 7000 indicated horse-power. They will 
thus be more powerful than any engines yet constructed in Eng- 
land, and their progress will be watched with much interest. 

Tramway IN Daruinoron.—The Darlington tramway, 
upon Train’s principle, has turned out a losing speculation, the 
shareholders having lost nearly the whole amount of their 
subscriptions. 
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CHIMNEYS. 

Tue draught of a chimney is caused, as is well 
known, by the difference between the weight of the 
enclosed column of heated air and that of a similar 
column of the external air, The amount of this 
difference in weight will depend upon the height of 
the chimney and the difference in the temperature of 
the two columns and, if it were not for the effect of 
radiation, it would therefore, with any given difference 
of temperature, vary’ exactly as the height of the 
chimney. Practically, however, the increase of ra- 
diating surface obtained by increasing the height of 
a chimney imposes a limit to the extent to which 
such an increase of height is beneficial, this limit 
varying according to the temperature of the ascending 
gases, and according to the radiating power of the 
material of which the chimney is composed. 

Air at a temperature of 60° Vahrenheit, with the 
barometer standing at 30 in., weighs about .0765 Ib. per 
cubic foot, or its density is to that of water as about 
1 to 815. According to the experiments of Magnus 
and Regnault, it is expanded by an increase of tempera- 
ture of 1° Fahrenheit to the extent of z45 of its volume 
at zero, thus expansion being uniform for equal ad- 
ditions of temperature. Its volume at any temperature 
will thus be equal to its volume at zero multiplied by 
the given temperature in degrees Fahrenheit, and 
divided by 459; or its volume at one temperature will 
be to its volume at another as 459+ first temperature, 
in degrees Fahrenheit, is to 459+ second temperature, 
in degrees Fahrenheit. If we express the higher and 
lower temperatures by the letters 'T and ¢ respectively, 
the formula will be : : 
159+ T 
p+ 

The draught of chimneys is generally expressed by 
the exhaustion caused by them measured in inches of 
water, and the theoretical exhaustion due to any given 
height of chimney and temperature of enclosed air, 
may be determined by the aid of the formula already 
given, in the following manner. In formula (1) sub- 
stitute for the “ vol. at temp. 7’ the height of the chim- 
ney, and replace the quantities T and ¢ by the respec- 
tive temperatures of the air within and without the 
chimney. The result obtained by the formula will 
then be the height of a column of air heated to the 
temperature of that within the chimney, equal in weight 
to a similar column at the external temperature. If 
from the height so obtained we subtract the height of 
the chimney, the remainder will be the height of what 
is termed the “ motive column,” and this height, divided 
by a number representing the number of times the 
weight of water exceeds that of the heated air, will give 
the height of the column of water which would be 
raised by the exhaustion of the chimney. This height 
will be expressed in terms of the same unit of measure- 
ment as was employed to denote the height of the 
chimney. 

The whole process of calculation will perhaps be 
rendered clearer by an example. Let us me the case 
of a chimney 135 ft. high, the temperature within the 
chimney being 560°, and the external temperature 
60° Fahr. Then, 

q- 459-+560_ 137565... 

3o7504 607 319 = 265 ft. nearly, 
is the height of a column of air at a temperature of 
560° equal in weight to a column 135 ft. high at a 
temperature of 60°. The height of the “ motive 
“ column” will thus be 265 —135 = 130 ft. The volume 
of air at 560° we have just shown to be to that at 60° 
as 265 to 135, and its weight, as compared with water, 
815 x 265 


Vol. at temp. T=vol. at temp. ¢ 


will thus be as 1 to = 1599.8, or say as 1 to 


135 
1600, and dividing the height of the motive column by 
; 30 ‘ 
this latter number, we have 13 = .08125 ft. or .Y75in 
1600 f 


as the height of the column of water which would be 
raised by the exhaustion of the chimney. Some ex- 
periments made by Mr. Peter Carmichael ona chimney 
of the height above given, the temperature of the 
escaping gases being from 500° to 600°, showed an ex- 
haustion varying from .875 in. to .6in; the mean of 
9+ observations being .75 in. The difference between 
the calculated exhaustion and that practically obtained 
is no doubt caused by the frictional resistance ex- 
perienced by the gases in the course of their passage 
up the chimney, and to the formation of eddies. y 
The velocity of the escaping gases in a chimney is 
theoretically equal to that which would be acquired by 
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a body falling from a height equal to that of the motive 
column ; but this velocity is materially reduced (in the 
case of small shafts particularly) by the frictional re- 
sistance and other causes. A body falling by the 
action of gravity, descends during the first second of 
time a distance of 16.08 ft., acquiring a terminal velo- 
city of 32.17 ft. per second ; and by the laws of falling 
bodies, the velocity acquired in falling from any given 
height =/64.34 x height fallen. In the case of our 
example, the velocity of the ascending gases would 
thus be=/64.34 x 130=1/8364.2, or about 914 ft. per 
second. We have said that the velocity practically 
obtained is considerably less than the theoretical 
velocity, owing to the resistance offered by friction and 
by the bends of the airways, &c.; these resistances are 
found to decrease as the sectional area of the chimney 
is increased, but to increase in direct proportion to the 
square of the velocity of the current. 

The chimney to which we have referred as having 
been experimented upon by Mr. Carmichael was one 
erected at the Dens Works at Dundee. It had a 
sectional area at the bottom of 49 square feet, and at the 
top of 18.06 square feet, this area being still further con- 
tracted at the mouth to 13.78 square feet. It receives 
the gases from seven boilers having each two furnaces 
and burning altogether about 14 tons of coal per hour 
during the time they are at work. The top of this 
chimney was furnished with cross division walls running 
diagonally from corner to corner; these walls tapering 
above the chimney to a central point. The intention 
of this arrangement, which has been applied to several 
chimneys in various parts of the country, is to lessen 
the checking of the fener by the wind blowing down 
the chimney, the cross walls preventing it from acting 
on more than one fourth of the area of the chimney at 
one time. The loss of heat from radiation, together 
with the increased resistance experienced in long flues, 
has caused chimneys to be now made, in many cases, of 
less height and greater sectional area than formerly, 
and the velocity of the ascending current is thus 
reduced. In cases where the gases have to be drawn 
through long or contracted flues before reaching the 
main shaft however, a tall chimney is almost indispensa- 
ble, in order to obtain the requisite exhaustion, and in 
such cases the loss from radiatiou must be reduced 
as much as ae by an increase in the thick- 
ness of the brickwork, and by carefully guarding 
against leakage. 











CENTRIFUGAL PUMPS. 

A ceRTAIN amount of doubt appears to be entertained, 
by those who are not altogether familiar with centrifu- 
gal pumps, as to the heights from which they will lift 
by suction. It is, perhaps, a little singular that this 
doubt should exist, ina:much, as, so long as a pump 
can force out all the water within it, the external 
pressure of the atmosphere will, in the case of all 
pumps alike, force in a further supply, within the limit 
of atmospheric pressure, and supposing, of course, all 
the joints of the pump and suction pipe to be air-tight. 
For any mieaie suction a centrifugal pump 
requires to have a foot valve, freely opening inwards 
at the bottom of the suction pipe, and the pump and 
suction pipe must be charged with water (which the 
foot valve, as it cannot open outwards, will retain) 
before beginning to work. Once charged, and the 
pump once at work, it will certainly force out its 
contents, and in doing this a partial or total vacuum 
would, but for the rise of water in the suction pipe, be 
formed within the pump. It is the atmospheric 
pressure only, and nothing in the principle or the con- 
struction of the pump itself, that afterwards maintains 
the supply of water. 

To show this, we may cite several cases where 
Messrs. Gwynne and Co.’s, centrifugal pumps are 
working upon high suction lifts. At the Brent 
reservoir, Kingsbury, W., the Regent’s Canal Company 
have one worked by a turbine and drawing through a 
vertical height of 28 ft. to 29 ft. At the Globe Sugar 
Works, Greenock, another centrifugal pump draws 
water from the Clyde for a horizontal distance of 800 ft., 
and through a vertical lift of 15 ft. At the Steam 
Brewery, St. Neot’s, a small centrifugal pump draws 
from a depth of 20 {t., and for a boslennted distance of 
24 ft., afterwards forcing 28 ft. vertically. At the 
Mauritius docks, Port Louis, two of these pumps drain 
the docks, the maximum lift being 25 ft. to 26 ft. At 
the Plymouth Starch Works, a small pump has a suction 
of 24 ft., and afterwards forces to an additional height 
of 50 ft. At the Chatham Dockyard Extension Works, 
Messrs. Gwynne’s pumps have been employed with 
suction lifts of from 25 ft. 6 in. to 26 ft. vertical, fore- 
ing 24ft. to 25 ft. afterwards. Many other cases 
uaght be instanced. 





RAILWAY JUNCTIONS ON GRADIENTS. 


WE now proceed to investigate and apply the method 
alluded to in our last number; and for this purpose 
need only the resources of ordinary plain geometry. 

By the 35th Prop. Euclid, 3rd Book, the ree- 
tangles AEX EB and DEX EC (Fig. 1) are equal to each 
other, inasmuch as they are severally equal to (EF)? ; 
therefore EC : EB: : AE: DE; but the lengths EC 
and EB being very small in proportion to the remainders 
of the diameters, we may assume EC: EB:: AB: CD; 
that is to say the line CB (equal to the gauge or width 
of way) is divided by the line EF (or distance from the 
switch to the crossing) in the ratio of the diameter (or 
radii) of the intersecting curves. If, then, we divide 
the length by which the curves overlap into two por- 
tions, which shall be to each other as the diameter (or 
radii) of the curves, and take the product of the lesser 
portion into the greater diameter, or the greater por- 
tion into the less diameter, the square root of this pro- 
duct will give the length from the switch to the 
crossing. 





When the curves are convergent, as in fig. 2, the 
ratio of the diameter of the less to the diameter of the 
greater may be taken as the ratio of EB to EC; and 
the square root of EBX AB, or ECX DC will give the 
required distance. 

Ve shall now apply this method to calculate the 


same cases as we took before, viz., curves of 40 chain 
and 20 chain radii, forming a junction on a single 
line. First when the curves are divergent, 

5 feet, or 60 inches, is to be divided into two parts, 
one of which shall be to the other as 40 to 20—that is, 
into 3ft. 4in., and 1 ft. 8in—then 4026613, 
or 20266 x 34=8800, and /$800=93.7 ft., length 
from switch to crossing. 

In the case where the curyes are convergent, making 
EC=za, and EB=2—5, 

we have 20: 40::7-—5: 2 
whence xz or EC=10 
#—5 or EB= 5 
then 20 x 2 x 66 x 10, or 40 x 2 x 66 K 5=26,400 
/ 2%, 100 =162.4 ft.=length from switch to crossing. 








Tur Institution or Mecnanicat Enoineers.—The fol- 
lowing are the officers for 1866, as elected at the late anniver- 
sary meeting:—President—Joseph Whitworth, Manchester ; 
Past-Presidents—Sir William G. Armstrong, Elswick, New- 
castle-on-Tyne; William Fairbairn, the Polygon, Ardwick, 
Manchester; James Kennedy, Cressington-park, Aigburth, 
Liverpool; Robert Napier, West Shandon, Helensburgh, near 
Glasgow; John Penn, the Cedars, Lee, Kent, S.E. Vice- 
Presidents—Charles F. Beyer, Gorton Foundry, Manchester; 
William Clay, Mersey Steel and Ironworks, Sefton-street, 
Liverpool ; Robert Hawthorn, Forth Banks, Neweastle-on-Tyne ; 
Sampson Lloyd, Uld Park Ironworks, Wednesbury ; Henry 
Maudslay, Cheltenham-place, Lambeth, London, S.; John 
Ramsbottom, London and North-Western Railway, Crewe. 
Council—Jobn Anderson, Royal Arsenal, Woolwich, SEL; 
Frederick J. Bramwell, 35a Great George-street, Westminster, 
S.W.; Charles Cochrane, Woodside Ironworks, near Dudley ; 
Edward A. Cowper, 35a Great George-street, Westminster. 8. of 
John Fernie, Clarence Ironworks, Leeds; Sir Charles Fox, 8 
New-street, Spring-gardens, London, S.W.; George Harrison, 
Canada Works, Birkenhead; Edward Humphrys, Deptford 
Pier, London, S.E.; Edward Jones, Old Park Ironworks, W ed- 
nesbury; Walter May, Suffolk Works, Berkeley-street, Bir- 
mingham; W. Montgomerie Neilson, Hyde-park Locomotive 
Works, Glasgow; John Robinson, Atlas Works, Manchester; 
C. William Siemens, 3 Great George-street, Westminster, S.W.; 
Charles P. Stewart, Atlas Works, Manchester ; John Vernon, 
Iron Shipbuilding Yard, Brunswick-dock, Liverpool. Treasurer 
— Henry Edmunds, Birmingham and Midland Bank, Birmingham. 
Secretary—William P. Marshall, Institution of Mechanical Engi- 
neers, 81 Newhall-street, Birmingham. The following moditica- 
tions were made at the meeting respecting the qualification and 
titles of members of the institution: —* Instead of the age for the 
admission of both graduates and members being the same, namely, 
twenty-one years, the age for the admission of graduates to 
three years earlier, or eighteen years, and that for members to 
be three years later, or twenty-four years. — Instead of the title 
of honorary members now applied to subscribing honorary sem, 
bers, the title of associates to be adopted; and the title 
honorary members to be restricted to cases of free membership 
specially presented by the council.” 

Tue Great Western Rartway Works.—It appears now 

robable that the Great Western Railway carriage ar 
instead of being removed to Oxford will go to Swindon. : ° 
Cripley meadow, the site selected at Oxford, is now 2 ft under 
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THE MAURITIUS RAILWAYS. 


Mr. RipLey’s paper, lately read at the Institution of 
Civil Engineers, ¢ escribed the construction of a lofty 
and important viaduct carried across the Grand River 
on one of the lines of the Mauritius railways. Mr. 
Hawkshaw is the consulting engineer to the Govern- 
ment of Mauritius, Messrs. Brassey and Co. are the 
contractors for the railway works, and Mr. Longridge 
is their resident agent inthe colony. The Grand River 
viaduct presents several interesting features in respect 
of the mode of getting in the foundations, and espe- 
cially the mode of connecting together and run- 
ning a united length of 630 ft. of girders from one 
bank across four piers, upwards of 100 ft. high to the 
opposite bank. _ This operation, seldom performed, 
was carried out in this case with perfect success. 

The Grand ,River viaduct, for a single line of way, 
has five spans of 116 ft. each, and the height from 
the surface of the water to the level of the rails is 
129 ft. 9in. The abutments and the two end piers 
were built upon dry rock, while the two remaining piers 
were carried up from the river bed, which is of icles 
and fine ci In sinking the excavations, it was at 
first thought that the water could be kept out by a 
series of dams, but the bottom was so porous that cen- 
trifugal pumps had to be employed. An excavation 
was first made sufliciently large for a single block of 
concrete, and to prevent the cement from being washed 
out while in course of setting, the bottom and sides of 
the excavation, to a height of 4ft., were covered by 
tarpaulins to shut out the springs. In this way 
the five blocks for the foundations of each of 
the two river piers were successively got in. Upon 
these were erected cast-iron cylinders, two to 
each pier. Each cylinder is 10 ft. in diameter, and 
9 ft. high, and is formed of four segments bolted to- 
gether by internal flanges. The segments for the 
bottom ring of each cylinder were got into place by 
means of sheer legs and tackle, but the succeeding 
rings were raised by means of a mast with a crosstree 
and struts, mounted on a frame within the cylinder. 
This mast was arranged so as to revolve easily when 
required. As each ring was completed, and the 
cylinder thus raised 9 ft. more, the mast, with its sup- 
porting frames and tackle, was raised, this operation 
occupying about 43 hours at each 9 ft. lift. By these 
means the piers were raised respectively to heights of 
90 ft., 99 ft., 117 ft., and 117 ft. Each segment lifted 
weighed 32 cwt., and the set of men employed at each 
cylinder raised one ring of 9 ft. daily Seditie raising 
the mast. The concrete filling of the cylinders was 
shot down from the top. The end piers were filled 
with concrete brought over from the abutments, a 
contractor’s rail, weighing 23 lb. per yard, being fished 
together into a length of about 140 it., and supported 
in the manner of a suspension bridge chain, over a 
framing upon the abutment and another upon the pier, 
and securely anchored at each end. Upon this im- 
provised bridge a box with a false bottom was made to 
run by means of a sheave above it, much as, many 
years ago, Mr. Palmer proposed to work single rail 
railways. The box contained 7 cubic feet of concrete, 
and weighed, when filled, 8} ewt. It was drawn to 
and fro by means of a rope from the abutment, and 
such was the celerity with which it was worked, that 
each travelling box carried and deposited 50 cubic 
yards of concrete daily. For the two river piers the 
concrete was raised by means of an endless ladder of 
iron, worked by a steam engine. At every other joint 
of this ladder a light shelf was built out, this being 
merely a strip of deal, supported by angle iron brackets 
secured to the links of the chain. Upon each shelf a 
basket, holding about a cubic foot of concrete, was set, 
lifted, and taken off, and its contents shot at the top, 
the empty basket being sent down on the descending 
side of the ladder. 1t took a hundred men to mix, 
send up, and shoot the concrete at each pier, and the 
work thus done by this number of men was about 40 
cubic yards daily.” The concrete was carried up a little 
above the upper edges of the iron cylinders, so that the 
girders should bear on the concrete only. The cylin- 
ders served merely as a casing to confine the concrete 
against crushing laterally. 

_ But the most interesting operation was that of 
jommng together the girders and running them over 
from one bank to the other. They were plate girders, 
shipped from England, in 12 ft. lengths. These were 
uur Sent to one side of the river and there rivetted up 
ito sections of 36 ft. or 48 ft., this rivetting being 
performed at a place from 100 to 150 yards from the 
face of the abutment, and at the formation level of the 
ine, which is as much above the abutment as the 
depth of the girders themselves. The rivetted sec- 





tions of girders were then let down a slope of 1 in 
5 towards the abutment, and into a long level gullet, 
or cutting in the earth, formed to receive them, at the 
level of the masonry of the abutment. In this gullet 
was laid a line of flat-bottomed rails, one rail under 
the centre of each girder. Here the sections of 36 ft. 
or 48 ft., as the case might be, were rivetted one to 
the other, and the outer end run forward over the 
abutment, and overhanging the ravine below. It 
could only be run out 116 ft. before reaching the first 
pier, and the length rivetted up on the land side of 
the abutment was more than sufficient to counter- 
weight this span, and keep it up to the level. The 
girders were, besides, trussed, by kingposts and 
diagonal tension rods, the better to prevent sagging 
while being run over the 116 ft. spans. 

Transverse timbers or skids were fastened 12 ft. 
apart, under the girders, and so as to bear upon the 
rails, the bearing surfaces being faced with plates of iron, 
and the nuts which secured these plates to the skid 
projected on each side of and below the rails, and acted 
as guides to keep the girders in line when travelling. 
For the rest of the operation of running over, we shall 
quote the official abstract of Mr. Ridley’s paper : 
“When the girders were ready to be moved, the 
rails were well greased, and men were placed at. the 
‘ends of each skid with sledge-hammers to keep 
striking it to prevent sticking, as well as to assist in 
starting. The rails were laid throughout the gullet, 
to within 5 ft. of the face of the abutment, the under- 
side of the rails being level with the surface of the 
masonry. When the skids arrived at the end of the 
‘ rails, they dropped, and were removed. On the top 
of the bed plates, the bearing plates for the perma- 
nent expansion rollers were bolted. These plates 
were tapered off at the ends, so as to allow the rollers 
to enter and to pass freely in and out. The latter 
were linked together, and after they travelled over, 
the plates were taken out and returned, and linked 
on to the rollers just entered, and were gradually 
drawn in under the girders. Short keel pieces were 
followed up on the rollers, as the girders advanced, 
by men stationed on a scaffold. The launching was 
accomplished by means of powerful tackle and 
‘winches, and was so effectual that in one day 
the girders travelled 12 ft. every fifteen minutes ; 
subsequently they were advanced 108 ft. in four 
hours, and the last span was completed in six hours 
and twenty minutes, the entire length of the girders, 
630 ft., moving quite freely. The roadway girders, 
plates and permanent way were then laid, and in 
fourteen days after the launching was finished, trains 
were running over the viaduct. The girders were 
fixed to the centre pier, while they rested upon rollers 
‘ at the other piers and at the abutments, and so were 
free to expand and contract. The total weight of 
the superstructure was 560 tons, of which the road- 
way weighed 147 tons ; and the total weight of iron- 
work in the piers, including bed plates, expansion 
rollers, &c., was 993 tons.” 








WATER SUPPLY IN THE NORTH. 

Mr. Dave, of the Hull Corporation Waterworks, has ad- 
dressed the following letter to the Leeds Mercury. We re- 
print his letter in full, apart from any regard for the few con- 
troversial paragraphs it contains, and because it embodies infor- 
mation of much interest, at the eon time, to the profession. 

Gentlemen,—I beg to trouble you with a few remarks in 
answer to some of the statements made by Mr. Dymond in his 
letter which appeared in last Saturday’s Leeds Mercury rela- 
tive to my water scheme. 

In my published prospectus I have given tables showing de- 
tails of rainfall in the lake district of Seathwaite, from 1845 to 
1853, and taken the average of nine years, with unusual falls 
of rain, and the number of days rain fel in each year at various 
stations, being the results of careful observations made by the 
late Mr. Miller, of Whitehaven. On such datal have grounded 
my calculations, and not by analogy and bare assertions, 

The very reasons urged by Mr. Dymond (disputing the 
quantity of rainfall in the district of Ulleswater) prove beyond a 
doubt the accuracy of my calculations. 

He says:—“ There are reasons for believing, prior to ex- 
periment, that the district of Ulleswater is far trom being the 
wettest in that region, because it lies on the eastern side of a 
great mass of mountains, many of them higher and more pointed 
than its own; and it has been observed that rain is pre- 
cipitated more copiously on the west than on the east side of 
elevations of more tian 2000 feet in height.” Now to prove the 
fallacy of any such theory, I will quote an authority to which 
even Mr. Dymond must bow, viz, Professor Rankine, LL.D., 
F.R.S., who says, in writing on rainfall, ‘* That the rainfall in 
different parts of a given country is in general greatest in those 
districts which lie towards the quarter from which the prevail- 
ing winds blow. In Britain, for example, the western districts 
are the most rainy. Upon a given mountain ridge the reverse is 
the case, the greatest rainfall taking place on that side which 
lies to leeward, as regards the prevailing winds. ‘Thus in 
Britain more rain falls in general on the eastern than on the 
western slope of a range of hills. The cause of this is probably 


the fact that the condensation of the watery vapour in the 
atmosphere into rain clouds, arises in general from the ascent 
of moist and warm air up the slopes of mountains into a cold 
region; the clouds thus formed are drifted by the wind to the 
leeward side of the mountains, and there fall in rain, To the 
same cause may be ascribed the fact that the rainfall is greater 
in mountainous than in flat districts, and greater at points near 
high mountain summits than at points farther from them. The 
elevation of the locality where the rainfall is measured does not 
appear materially to affect the depth, except in so far as elevation 
is a usual accompaniment of nearness to a mountain chain.” It is 
only fair, therefore, from the foregoing facts, to conclude that 
as Ulleswater lies to the leeward of the mountain range and 
Seathwaite to the sea and windward side, that Ulleswater is the 
wetter region of the two. 

The quoting of incorrect levels by Mr. Dymond in his former 
letters, his theoretical reasoning, and his generally erroneous 
statements, tosay nothing of the animus displayed by him in en- 
deavouring to throw all sorts of difficulties in the way of i 
ing out this scheme, have at last been thrown into the shade by 
his informing the public that, having consulted the ordnance 
levels, he finds that a level line of pipes from the surface of 
Ulleswater, will require a tunnel of 20} miles! and from 
Haweswater, a level line therefrom 13} miles long! besides cut- 
tings to pierce the Shap Fell ridge, which he says will be con- 
siderably increased when the fall of the pipes is considered, &c. 
Such a statement is most erroneous, and needs no comment. 

Now let me state what are the facts. The length of tunnel- 
ling through Shap Fell, allowing for the necessary fall of pipes 
by the route along which I propose to lay down the main trunk 
pipes (starting at Ulleswater) is only 5 miles and 47 chains, and 
in order to prove this fact I will proceed to describe the tract of 
country, the surface levels of the ground, and the average 
gradient of the pipes, in as plain and as practicable a manner 
as possible. Here I may observe that I have laid down on the 
ordnance sheets, on a scale of six inches to the mile, 
with contour lines thereon, the course of the line of pipes, 
and have made longitudinal sections of this portion of the 
work showing these particulars, taking the levels marked 
on such sheets, which cannot, therefore, be disputed. The in- 
verts of the pipes on their connexion with Ulleswater are 10 ft. 
below the surface of the lake, the surface being 477 lineal feet 
above the level of the sea. The junction of the pipes with the 
lake is, on the eastern side, 16 chains above Pooley Bridge. 
From thence the pipés traverse a line nearly parallel to and 
alongside of the river Eamont, past Pooley Mill and at 3 miles 
27 chains cross the Lancaster and Carlisle Railway, near 
Poplar-lodge. With an easy curve they proceed across the 
river Lowther, through Brougham Park, over Brougham Moor, 
by High Dikes, from thence in a straight line crossing the 
river Zeith, past Cliburn to Woodhead; then, curving, they 
traverse the upper valley of the river Lyvennet to Bankskew 
Bank, being a distance from Ulleswater of 13 miles 58 chains. 
Nearly throughout the whole of this length the surface of the 
ground over the pipes is more or less below the level of the sur- 
face of Ulleswater; but at this point cutting at the depth of 30 ft. 
commences, and at 15 miles and 8 chains the depth of entting 
is gradually increased to 90 ft. From thence the cutting is 
farther continued to Monks Bridge, at Crosby Ravensworth, 
where the tunnelling under Shap Fell begins. This is a 
total distance from Ulleswater of 15 miles 78 chains. The 
direction of the line of tunnel through Shap Fell passes directly 
under Crosby Lodge and terminates in a ravine down which 
flows Blind Beck, at a total length from Ulleswater of 21 miles 
45 chains, with cutting at the tunnel mouth of 90 ft. in depth 
(the fall of pipes being throughout at the rate of four inches 
per mile). From thence the cutting decreases gradually in 
depth, and the course of the pipes is continued down the valley 
of the river Lune. 

The whole of the works connected with this scheme are of the 
simplest description, and present no enginecring difficulties, the 
principal works being the tunnel through Shap Fell, a length of 
5 miles and 47 chains, as previously stated. 

I must forbear describing its course further at present, as the 
whole of the longitudinal sections will in a short time be com- 
| pleted. Any gentleman feeling interested in this great and 
important undertaking will then be at liberty to inspect them. 








Testinc Armour PLAtTEs.—Armour plates are now tested 
at Portsmouth in a different manner to that formerly followed. 
According to the old arrangements, the plates were bolted to the 
side of sone old wooden ship selected for the purpose, and fired 
at with a 95cwt. 8in. smooth bore gun, throwing a spherical 
shot with a charge of 161b., and fired from a gunboat moored at 
a distance of 200 yards from the plate. Under the new condi- 
tions, the plate is but 30 ft. from the gun, the size of the latter 
and the weight of the shot being the same as before, but the 
charge being reduced to 13 lb. In order to carry out this test, 
a line of battle ship, formerly used as a target ship, has been 
cut down to her lower deck beams, and a length of 30 ft. of her 
lower deck amidships has been stripped of its overhead plank- 
ing. At the fore end of this roofless space, a massive bulkhead 
has been built athwartships, and to this the plates to be tested 
are fixed. Thirty feet abaft this is placed another bulkhead, 
forming the face of the battery. This is furnished with four 
ports, and is plated with 44 in. plates. The test is conducted by 
tiring five shots at each end of the plates under trial. After the 
guns are trained, all hands retire below the deck, and the gung 
are then fired by electricity. ‘I'wo 6 in. armour plates, made by 
Messrs. Cammell, for the new double screw frigate, Penelope, 
were tried in this manner on Saturday last, and stood the test 
satisfactorily. : 

Ramway Makino 1x Yorksnire.—The proposed new line 
to connect Whitby with the Cleveland Railway at Lofthouse, 
will be 15% miles long, and a considerable portion of it is upon 
gradients of 1 in 60, and 1in 62. ‘The summit level, approached 
by a tunnel three-fourths of a mile long, is 366 ft. above the sea. 
Some of the curves form more than a semicircle, although the 
radius is moderately easy. One of the viaducts will be 155 ft. 
high, and there will be several, each more than 100 ft. high. 
Mr. George Gordon Page, of Abingdon-street, Westininster, will 
be the engineer of the line. 
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Tne subject of very powerful engines adapted for curved 
lines is coustantly receiving more and more attention, It is 
becoming the belief of many engineers, that greater engine 
weights must be carried, that these must be distributed upon a 
greater number of wheels, and that the wheels should be grouped 
in swivelling bogies. To this end we have had the plans of M. 
Meyer, Mr. Fairlie, and M. Thouvenot, but \we have not yet 
seen published in England an illustration of the locomotive 
Seraing, made by Messrs. Cockerill and Co., of Seraing, Belgium, 
and actually worked upon the Semmering incline of the Vienna 
and Trieste Railway, twelve years ago. We therefore supply 
the omission. The boiler was double, with two fireboxes, two 
barrels and sets of tubes, two steam domes, smokeboxes, and 
chimnies, but with a single steam space extending from one 
smoke box to the other. 
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The engine, or rather pair of engines, had each a pair of 
inside inclined cylinders, working two pairs of coupled 3 ft. 4in. 
wheels, grouped in a swivelling bogie. The boiler had a main 
frame, extending along its sides for its whole length. It bore at 
two points, by means of a “belly band,” upon the respective 
bogies, the weight being taken on the sides of the bogies. The 
steam was led to the cylinders through bent copper pipes, whose 
flexibility was sufficient to accomodate them to the swivelling 
motion of the bogies. The blast pipes had to accommodate them- 
selves to the same motion, but the orifice of the blast pipe was 
maintained exactly under the centre of the chimney. As the 
cylinders swayed to the right or the left, by the swivelling of 
the bogie, =| carried with them a swinging pipe, working freely 
in a large ball and socket joint in a part of the tixed blast pipe, 
a little below its orifice (but not shown in the section). Thus 
no matter how the bogies might stand, the waste steam always 
went straight up the axes of the respective chimnies. 








The bogies had frames and journals outside the wheels, cranks 
being keyed upon the,ends of the axles, with pins in these cranks 
for the coupling rods. The engine had a steam pump and a 
steam brake. 

We cannot say why this engine did not continue at work, but 
it failed to give satisfaction. In many respects, however, it 
appears to have been superior in design to other plans upon the 
same general principle which have succeeded it. We take our 
illustration from a work upon the various engines worked upon, 
or proposed for the Semmering, and published by Herr Engerth 


in 1854. . 


MANHOLES IN BOILERS. 

A Larce manhole in a boiler renders the distribution 
of the strain upon those parts of the boiler plates 
which are in a line with it very unequal, the strain 
upon the plates at the edge of the manhole being 
greatly in excess of the average strain throughout their 
section. For this reason a manhole ought always to 
be strengthened by a ring rivetted around it, so that 
the sectional area of metal at the point where the 
greatest strain is applied may be increased, and dis- 
tortion be prevented by the thickening of the plate. 
When the manhole cover is, as is most frequently the 
case, of an oval form, applied to the inside of the boiler 
shell, and secured by crossbars and studs on the out- 
side, it evidently of itself gives no support to the boiler. 
Indeed, in some cases the rupture of the plates has 
been assisted, if not produced, by the weakness of the 
manhole cover causing it to buckle and be drawn 
through the manhole by the combined effect of the 
pressure of the steam and the pull upon the crossbar 
bolts. To avoid this, the cover should be made of 
double plates, or of a plate of such a thickness that it 
can withstand the strain upon it without distortion. 
Whenever crossbars are employed to secure a manhole 
cover, ther ends should not be allowed to rest directly 
upon the boiler plate, but upon a ring rivetted around 
the manhole. ‘The rivets by which the thickening ring 
is secured to the boiler should not be placed too near 
the edge of the manhole, as if this is done, a great 
deal of the support given by the ring is counter- 
balanced by the loss of the metal taken away by the 
rivet ':oles from the place where it is most required. 

When a boiler is worked at a high pressure, a man- 
hole cover with crossbar fastening should never be 
employed, and indeed its use in any case is not to be 
recommended, its only advantage being the facility 
with which it can be removed. The best arrangements 
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those shown by the accompanying illustrations, the 
cover being secured, according to one plan, by bolts 
passing through it and the flange of the manhole ring, 
and, according to the other, by studs screwed into the 
ring, which is made thick for the purpose of receiving 
them. In both arrangements the top of the manhole 
ring is made level, and it as well as the cover can 
thus be faced in the lathe. Of the two plans we prefer 
that shown by the upper figure, as the bolts by 
which the cover is secured can be more easily renewed 
if broken, than the studs used in the other arrange- 
ment. 

The joint-flange of the manhole ring shown in the 
upper figure, may be conveniently made_ thicker 
than the rest of the ring, either by forging the ring 
out of angle iron, having one thick web, or, if it is 
made out of a plain plate, by welding a thickening 
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piece upon the flange after it is turned over. Very 
frequently the flanges of both manhole rings and steam 
domes are made too thin, and the springing which 
consequently takes place greatly increases the dilli- 
culty of obtaining a tight joint. The bolts employed 
are also, very generally, too small.. We have our- 
selves always found it easier to make a good joint (if 
the flanges and covers are of the proper stiffness) with 
Zin. or 1 in. bolts, placed from 3 in. to 4 in. apart, 
according to the pressure, than with 3in. or im. 
bolts placed at correspondingly closer intervals. When 
the smaller-sized bolts are used, much trouble and 
annoyance is frequently caused by the breakages which 
take place when they are being screwed up. If the 
cover plates are made flat, they should be of a good 
thickness, so as to avoid springing. Thus, the cover 
of a manhole 15 in. in diameter should not be less than 
? in. thick if the boiler upon which it is fixed is worked 
at a pressure of 100 or 1101b. per square inch. It is, 








however, better to give the cover the slightly arched 
form shown in the sketch. 


of manhole and cover for high pressure boilers are 
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FORM IN DESIGN. 


WuaTEVER engineers may believe respecting taste 
in design, it is very seldom that any reference is made 
to it in their reports, or in the transactions of their 


professional bodies. There are, here and there, en 


gineering works which challenge admiration for their 
but there are too many which are hopelessly 
ugly, and we believe that at the present time 


beauty, 


engineers have even less regard for taste than formerly 
We 


quite reed as to what these are. 


outward forms so rapidly; as now. 


taste; and that, while 


improving, they take a deinena in opposing it. 


even admitting the existence of taste. 


contend with. For most engineering works which 
present themselves directly to the eye, as distinguished 
from piers, foundations, &c., wrought iron or steel are 
now the preferable materials of construction. These 
cannot be treated with the freedom of stone or cast- 
iron. The latter may have any form whatever, but the 
wrought-iron and steel can only be employed in bars 
and plates, The laws which govern their application 
are fixed, and admit of but little latitude of design. 
The Britannia-bridge tubes, and all parallel girders 
are but beams, and it is difficult for engineers to make 
anything else of them. The plate girder has been 
lightened in appearance by the arched plate rivetted to 
its sides, as yaa in our illustration last week of the 
Penrith bridge. This little touch of art dates from 
the time when Mr. Fairbairn first began to construct 
large plate bridges, but it is only seldom adopted, 
perhaps because of the slight extra cost which it in- 
volves. The spans of the high level bridge’ at New- 
castle, have cast-iron arches, included between two 
level lines of roadway. Here the arches give to the 
bridge all the strength it possesses, and they are, there- 
fore, honest arches. The arched ornament, however, to 
which we have referred, in speaking of plate bridges, is a 
trick, and this may be the better reason why it is not 
oftener used by engineers, who, of all men, hate shams. 
Then there are the girders with curved upper flanges, 
the camber amounting perhaps to one-twentieth of the 
span. We cannot say that these are pleasing, any 
more than are bowstring bridges. No level line below 
an arch, and suspended from it, can ever look well, un- 
less, perhaps, as in the case of the high level bridge, 
already referred to, there be a parallel line above the 
arch. In many cases every inch of headway is im- 
portant, and it may be that, the level of the roadway 
being fixed, nothing can be allowed, in the structure 
itself, to go below this level. ‘This consideration, no 
doubt, dictated the design of the girders near the 
Borough end of London-bridge, and it has determined 
the general form of the newer railway bridges over the 
nver. But in other cases, wherearches might be adopted, 
engineers have hesitated to adopt plate iron arched 
ribs partly because an idea prevails that, wrought iron 
ought not to be employed in compression. At least, 
we have heard this objection made. Yet wrought iron 
s subjected to compression in the upper member of 
every plate or lattice girder, in the arches of bow- 
string girders, and in the great tubes of the Chepstow 
ro Saltash bridges. Mr. Fowler broke away from 
ae against the employment of plate-iron 
Pimlico m be design for the Victoria-bridge, at 
den” and this is really one of the finest iron 
— on the river, despite the defect of an even 
on th of arches, and the defect also of level girders 
doubted} Openings in the approaches ; the latter un- 
beaten — the whole design. We fear, 
i Are with the economy of material in 
whiel allel girder, and the great facility with 
it may be erected—and we give one notable 


quite admit that however certain writers may 
assert that taste has its fixed laws, very few minds are 
Popular taste, 
especially, is most mutable, as much so in buildings 
as in dress, and never were great towns changing their 
But we think 
none can deny that popular taste is improving, and it 
has escaped many risks, one of which was the monkish 
Gothicism, and polychromatic brickwork epidemic 
of a few years ago, and which, whiic many permanent 
examples, such as All Saints’ Church, in Margaret- 
street, yet remain, is now dying out. But we believe 
that, if the truth were known, many engineers, 
accustomed to think in stone and iron, have brought 
themseves to despise, if not hate, all professors of 
yopular taste is manifestly 
This 
conclusion may be unfair, yet it cannot have failed to 
strike many who never once heard of an engineer 
Now we believe 
it to be as much the business of an engineer to study 
and apply agreeable forms in his works, as it is 
of the architect to design comely buildings. It 
may be that the engineer has greater difficulties to 


wrought iron. 


question of form in engineering details. 


taste in the treatment of the parts themselves. 


external treatment of their structures. 
this is from arti8tic inability. 


compare and judge among mere forms. 


Every young engineer ought to learn somethin 
architectural drawing at least. 


utmost division of labour. 


permanent. 
study and broader feeling, master more tlian happens 
to be set down for him, should push forward, conscious 
that with acquired powers of design he will have 
acquired not only greater confidence in himself, but 
also a greater command of public appreciation and 
approval. 
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CONTINUOUS GIRDERS. 
(CoMMUNICATED.) 

Tue theory of continuous girders for railway bridges 
is so true and so unique that it would seem to warrant 
universal and successful adoption by the engineer. 
The analytical constructor has exhausted the subject 
and pointed out the great saving of material in the top 
and bottom flanges of beams which the system justifies. 
Yet the system is not universal, hardly general, and 
has many practical difficulties in the way of its free 
use. A long line of iron superstructure bound to- 
gether (say) of more than 100 ft. in length, under the 
influences of atmospheric changes will warp and go 
out of its true line, unless it has points of relief. The 
reason of this is obvious. Girders linked into girders 
longitudinally, accumulating in weight but not im late- 
ral stiffness, soon arrive at a length and weight which 
cause the girder under the influence of expansion to 
move transversely instead of longitudinally, and then 
distortion of the leading lines of the structure ensues. 
The lateral strength of all girders is but trifling, and 
but a small amount of resistance to their movement 
lengthwise will induce an alteration in their shape side- 
ways. ‘The continuous system has its rollers and bed 
plates whereon the whole structure is supposed to be 
free to move to and fro longitudinally without hindrance; 
but in doing so, as in the case of the Penrith bridge, 
illustrated Yast week, there must be a movement of a 
gross load of at least 1500 tons of material in the 
three spans. Now is it not very probable that instead 
of the longitudinal movement of this immense load 
being duly and orderly made, there may not ensue a 
lateral twist or warp in each of the three spans of the 
structure? The forces of expansion get more ready 
relief in this direction. The small transverse width of 
each beam, 3 ft., gives but little resistance to such a 
movement, in fact rather invites it than otherwise. It 
is thus a rare thing indeed to see along line of girders 
continuously attached free from distortion. 

There is another very great objection to the con- 
tinuous system, in the shape of the rollers and bed 
plates at the bearings on the piers. The rollers being 
perfectly cylindrical, come in contact with the cast-iron 
plates at the top and bottom by mere mg! rie a, 
no surface or enlarged bearing capacity.’ The rollers, 
in a very short tinie, under the combined influences of 
the racking motion of passing trains, heavy jumping 
loads, and corrosion, indent themselves into the bed 
plates, will not revolve, and rather impede than assist 
the motion of the structure. In this hopeless state of 
things, especially so where the rollers are not very 








‘ase on another page, under the heading of “ The 


Mauritius Railways”—engineers will now hardly be 
inclined, unless it be in large towns, to adopt 
the arched form, which is equally practicable with 


Apart from the forms of bridges, there is the broader 
The general 
features of a structure may be governed by the direc- 
tions and amounts of the strains which are exerted 
within it; but there is room for a liberal infusion X, 

e 
shall not now attempt to suggest what this treatment 
should be, but we will say that engineers, whether 
wilfully or no, do show great poverty of design in the 
We believe 
Not one engineer in a 
hundred is accustomed to free-hand drawing, or to 
Whether this 
power can be acquired in the education of an engineer, 
we are not quite sure; but we do believe that there 
are many young men with a taste for beauty of form, 
who might, with more or less study, succeed well in 
blending a high degree of taste with engineering. 
of 
It is wrong to hold the 
two professions as wholly distinct from each other. 
They run together at many points, and every engineer 
would succeed far better with his works, in respect 
of their appearance, if he were also an architect. We 
know that the present age, in the pursuit of all pro- 
fessions, is one of hard and constant work, and of the 
We are willing to confess 
that, for the great majority of those forming our own 
profession, this state of things is not unlikely to be 
But whoever believes he can, by enlarged 


great push upon the bedstones of the piers and partial 
movement of the masonry will ensue. 

The only practicable course at present open to the 
engineer is to leave one end of a long girder free to 
move, the other being secured and rivetted to its 
neighbour over the pier. At the open end a spring 
connexion might be made composed of a steel band 
about 4 in. x 4 in. of an undulating form, and attached to 
the backs of the two girders over the line of the centre 
of the pier. The holes through which the pins or bolts 
pass to secure the spring to the girders may be of an 
ye shape, like a fish-plate hole at the end of a 
rail, to allow the spring to elongate or contract itself 
in unison with the movement of the bridge. Or in the 
place of this single and simple spring a compound one 
may be adopted somewhat in the usual form. 

In allusion to the Penrith bridge it may be remarked 
that the extreme narrowness of the girders, only 3 {t., 
or zy of the span, will considerably tend to weaken the 
structure and vitiate their continuity ; as, the girders 
being placed above the level of roadway, there are no 
means of bracing or steadying the top member. This 
being necessarily in compression, and almost in the 
— of a post or strut of sixty-two diameters in 
ength, having fixed ends, but without any intermediate 
stay whatever, there is great fear of the girder becom- 
ing buckled before the full strength of the iron can be 
brought into play. According to experiments made to 
deduce the strength of long pillars, by Rankine and 
others, a wrought-iron strut of the above proportions 
would fail with a pressure of something like six or 
seven tons per square inch of metal. Probably some 
assistance may be obtained in the example of the Pen- 
rith bridge, from the fact of the girders being of the 
tubular form, and containing, therefore, as compared 
with any other system of girder, a surplus body of iron 
to meet any emergency, aud which is thrown into the 
solid beam regardless of duty or use. The theory of 
contrary flexure in the continuous system would seem 
to call for either very rigid top and bottom flanges to 
direct the forces as they are designed, or a perfect 
system of transverse bracing, particularly near to the 
oints of reversal of the forces or contrary flexure. 
‘he cross girders do something for the bottom flanges, 
but the top ones are left to their own individual 
stiffness. 

The cross girders to the Penrith bridge are to be 
noted as essentially weak, and not being connected 
together longitudinally so as to distribute a passing 
load from one to the other, it is just possible to 
bring two pairs of driving wheels of two heavy 
locomotives in line at the same moment on a 
single cross girder. In such an event there would 
be a strain of nearly 9 tons per square inch of metal in 
the top and bottom flanges, considering that the cross 
girder has a length of 15 times its depth, and has only 
a sectional area of something less than eight square 
inches in each flange. The strain on the cross girder 
would thus be double its insistent load of two pairs of 
driving wheels, or say a strain of 72 tons in all. And 
in this is not included the dead load due to each cross 
— No arrangement of planking with its atten- 

aut spring and elasticity will rid the cross girder of 
its load and pass it on to its neighbour. If one half 
the number of cross girders had been put into the 
bridge, or even say at 4ft. 6 in. centres instead of 3 ft. 
centres, and of double the flange strength to each, 
ample safety would have been given at a trifling ad- 
dition to the weight of iron. As a pair of driving 
wheels cannot come much nearer than 6 ft., and as these 
are the crucial test to the cross girders of a bridge, the 
nearer we approach this spacing the better for economy 
and safety, providing we give a full carrying capacity 
to each. 








New Docks at MAryport.—Mr. Page has been applied to 
by the trustees of the harbour at a to furnish them 
with designs for the extension of the dock accommodation at 
that place. A great quantity of dredging would have to be 
done in order to make the present harbour available at all 
states of the tide; and, to save the expense which would be 
thus incurred, Mr. Page proposes to form the new docks at such 
a distance from the shore that a depth of 10ft. would be 
obtained at the entrance gates, at low water spring tides, and to 
connect them with the shore by an embankment, carrying both 
a roadway and railway. This embankment will act as a 
breakwater, and convert the space between the docks and shore 
into a harbour of refuge, additional protection being obtained by 
extending the present pier 500 ft. further seawards. The water 
area to be thus sheltered would amount to about 68 acres. 
The docks would be of sufficient size to accommodate the 
largest vessels, and the estimate for the whole of the work is 
120,0000. 

Tue Durtex Latue.—The large lathe recently set up by 
Messrs. Whitworth and Co., at Messrs Maudslay, Sons, and 
Field’s, has a slide rest arranged for duplex tools, but we observe 





numerous in proportion to the load, there will be a 





that only the front tool is employed in turning large shafts. 


















































































ENGINEERING. 


[Fes. 9, 1866. 








LITERATURE. 


es EO 
Treatise on Iron Shipbuilding, §c.. §c. By Witutam 
Farnparry, Esq., C.E., LL.D., F.R,S., F.G.S., &e. 
(SECOND NOTICE.) 

In Mr. Fairbairn’s notice of the mechanical proper- 
ties of iron, he gives considerable space to the con- 
sideration of its ultimate elongation per unit of length. 
“For practical purposes,” he says, “ ductility is the 
“ true measure of the strength and practical utility of 
“iron.” So far from confining himself, therefore, to 
the consideration of the mere breaking strength of iron, 
as in previous works, he multiplies this into one-half of 
the ultimate elongation, for the dynamic resistance to 
rupture, following here the line of inquiry to which 
Mr. Mallet has devoted much attention. The 
dynamic resistance to rupture is the foot-pounds of 
mechanical work expended in breaking the iron, and 
although the absolute breaking strength of thin plates 
may exceed that of thicker plates, the product of their 
breaking weight into one-half their extension is found 
to be uniformly greater—indeed, much greater—for 
thick than for thin iron. Indeed, the apparent diffe- 
rence in favour of thick plates is very great, and 
appears more particularly in a table on page 26, 
aa. in the case of some homogeneous metal 
plates tried, the thinner plates had the advantage. 
The results given are most extraordinary, and seem 
to follow only an irregular relation to the thickness of 
the plates. Yet, it would appear, that with the irons 
tested by Mr. Fairbairn, $ in. plates gave one-fourth 
more dynamic resistance to rupture than } in. plates, 
l}in. plates nearly three times, and 2 in. sat 3 in. 
plates about five times as much as } in. plates. In 
other words, the breaking strength per square inch 
of these plates, multiplied into one-half their elonga- 
tion, gave numbers in the proportion just mentioned. 
One 3 in. plate elongated eight times as much per unit 
of length, before breaking, as a } in. plate. 

These results, it should be remembered, are from 
the experiments of the Special Committee on iron for 
armour, of which Mr. Fairbairn was a member, and 
they go to show an advantage of thick as compared 
with thin plates, never suspected until within late 
years. ‘They are so striking in their character, that 
we believe they will become the subject of repeated 
experiments before they gain general acceptance among 
engineers, 

With respect to uniting plates into structures, Mr. 
Fairbairn goes very fully into the whole subject of 
rivetted joints, but he says nothing of drilled work. 
It may be that drilled holes are inadmissable in ship 
work, but their consideration would accord very well 
with the general question of rivetting. Indeed, Mr. 
Fairbairn long ago showed, and he repeats in his 
present work, that, irrespective of the amount of iron 
punched out, the remaining iron is more or less injured 
in punching. ‘Taking the strength of a given section of a 
solid or unpunched plate as 1000, that of the same area 
of section bet een the rivet holes of a single rivetted 
plate, is found to be but 731, or less than three-fourths 
that of the solid iron. The iron between the more 
widely pitched holes of double tivetted work, has a 
comparative strength of 933, or fifteen-sixteenths that 
of the same sectional area of unpunched plate. The 
removal of iron by punching, represents, of course, a 
loss in addition to that due to the injury of the re- 
maining metal. Mr. Fairbairn, therefore, still retains 
the ratios which he long ago laid down, as expressing 
the relative strengths of sold plates and the same 
length of rivetted joints in plates of the same thickness. 
These are, taking the solid plate at 100, 70 for the 
double rivetted, and 56 for the single rivetted joint. 
Mr. Fairbairn’ own preference, as is well known, and 
generally concurred in by engineers, as for chain rivet- 
ting. ‘The proportions he prefers for the diameter of 
rivets, are as follows: Twice the thickness of the plate 
up to gin. plates, }Z in. rivets for }in. plates, 3 in. 
rivets for gin. plates, ant I} in. rivets for } in. plates. 

Mr. Fairbairn gives considerable space to the re- 
sistance of iron plafes to compression, adopting the 
well-known conclusions of Mr. Edwin Clark. 

On the 66th page he says plainly that iron ships, as 
at present constructed, are dociderlly defective as re- 
gards the distribution of material. The iron amidships, 
he says, should be still more accumulated in the top 
and bottom, the iron in the sides being merely sufli- 
cient to form a rigid connexion between those two 
yarts. The comparison of a ship with a girder has now 
for a long time engaged the attention of shipbuilders, 
and Mr. Fairbairn insists that there should be more 
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bottom. But while, in one instance of a ship of very 
moderate dimensions, an increase of section of 100 
square inches in the upper part of the hull is recom- 
mended, nothing is said of the fact that this is to add 
3 ewt. of iron for every foot of length over which the 
addition is made. It is probably this crease of weight, 
amounting to 7} tons in 50 ft. of midship strengthen- 
ing, or 15 tons in, say, 100 ft. in length, over which 
the inerease might be carried, that causes shipbuilders 
to be so chary in adding iron to the decks and gun- 
wales. Again, too, Mr. Fairbairn’s whole conside- 
ration of the strains upon a ship proceed upon the 
supposition that it is strained only in a vertical direc- 
tion, and, indeed, he habitually assumes that the hull 
is to bear fairly upon a rock under the middle, or upon 
two rocks respectively under the bow and stern. When 
a ship goes upon the rocks, she is apt to break up more 
by beating herself to pieces, than by breaking down in 
the manner of a bridge girder. She is more apt, also, 
to strike only under the fore foot, or, in attempting to 
weather a point, to go broadside on. In such 
cases the conditions which govern the proportions 
of a bridge, must fail of application to the ship. 
Even with a ship rolling in the trough of the 
sea, and taking trying strains alternately abeam, 
the comparison with the girder fails also. And even 
considered as a girder, the iron in the sides of the 
ship, towards the bow and stern, would need to be 
greatly strengthened in order properly to transmit the 
strains calculated upon the supposition of the ship 
being supported upon a rock at each end. This in- 
creased amount of iron would require also an increase 
of weight, which could never be of service except only 
when the ship was supported at the ends. Mr. Fair- 
bairn says nothing even of the necessity of strengthen- 
ing the side plating towards the ends of the ship if 
his suggestion for strengthening the deck and gunwales 
amidships is to be adopeed. As soon, of course, as a 
ship is to be compared with and circumstanced as a 
bridge, its proportions must conform to those of a 
bridge, the laws for proportioning which are now 
thoroughly established and well known. The objection 
to proportioning a ship like a bridge is that, only 
under most unlikely circumstances, would the former 
ever be acted upon in the manner of a bridge, and 
that to provide for these would involve a considerable 
amount of additional weight. 

As for composite ships, Mr. Fairbairn condemns 
them as inferior to iron hulls. He supports his 
opinion by a mass of detailed experiments, which ship- 
builders will do well to examine. It is not denied 
that coppered wooden planking is less subject than iron 
hulls to fouling, but it is hoped that chemical or 
electrical means will be found either to discharge or, 
still better, to prevent the formation of molluses and 
sea weeds upon ironhulls. Mr. Fairbairn gives much 
space to the system of construction of composite ~ 
proposed by Mr. M‘Laine, of Belfast, although he 
considers even this inferior to construction in iron. 
Indeed, Mr. M‘Laine’s proposed ships are of iron 
encased in wood, the skin, instead of the frames, of the 
ordinary iron ship being retained. 

Mr. Fairbairn’s examination of the various plans 
executed or proposed for iron ships of war occupies 
much space, and we must return to it in a further 
notice. 


THE CORNWALL WORKS. 

Tue Cornwall Works, Soho, established in 1855, by Messrs. 
Tangye Brothers and Price, have added an important and inte- 
resting variety of products to the industry of Birmingham. 
Although they are makers of steam engines and other usual 
descriptions of machinery, this firm are more especially occupied 
with the construction of a class of mechanical appliances first 
prominently or wholly introduced by themselves, and of which 
the object may be described as the simple and effective accumu- 
lation and application of muscular strength to the purposes of 
lifting weights, pressing, and to shearing and punching metals. 
These a are improved pulley blocks, and hydraulic 
lifting jacks, hydraulic punching and shearing machines, and 
other useful applications of the hydraulic press. Although 
these articles are generally of but small individual weight, 
700 tons of machine castings are consumed annually in their 
manufacture, which gives employment to, in all, 260 men and 
boys. Hydraulic lifting jacks had been occasionally made pre- 
vious to 1855, but they were not widely introduced until 
after the establishment of the Cornwall Works, the first con- 
siderable “order” executed there being that for the jacks, or 
“ hydraulics,” as they are often called, for launching the Great 
Eastern steamsifip. Since then, upwards of 1200 hydraulic 
lifts, and 600 hydraulic presses for cotton and wool, have been 
made at the same sales and, in addition to these, a large 
number of hydraulic shearing and punching machines, and 
hydraulic testing machines for chains, girders, steam boilers, 
and metal tubes have been made. In all these various applica- 
tions the principle is substantially the same—the multiplication 
of the muscular strength of the workman, through the inter 


short distances. This is no more than the principle of Bramah’s 
press, but the range and modes of application are greatly beyond 
anything practised, until within a very recent period. In some of 
the smaller lifting jacks, easily worked by a child, the valves are 
no more than one-sixteenth inch in diameter, while in a hydraulic 
shearing machine, made in 1863 for the Russian Government, 
the whole weight was 24 tons, and the hydraulic pressure, to be 
exerted upon a 16 in. ram, was 1000 tons, equal to that required 
to cut in two a bar of iron Gin. square. One form of hydraulic 
press is adapted to stamping gold palates and mouth plates for 
dentists’ use. Another moulds and ejects a continuous stream 
of fine black-lead for pencil making. In these and the various 
other forms of hydraulic presses, the construction is simplified 
by placing the pump within the water tank, and by placing both 
in direct connexion with the body of the press, instead of sepa- 
rately, with the necessity of pipes and joints. 

A yet more distinctive speciality of the Cornwall Works is the 
manufacture of Weston’s Patent Differential Pulley Blocks, first 
made here in 1859, and of which 25,000 pairs have since been 
produced. ‘These are the only pulley blocks yet made in which 
the weight is supported without the risk of running down while 
the lifting cord or chain is hanging loosely. To whatever point 
the weight may be lifted—and the multiplication of power may 
be carried to almost any extent with an exceedingly small 
amount of friction—it will rest there without “ making fast,” 
and as securely as if hanging directly from a beam. So advan- 
tageous a mode of applying mechanical power has been ver 

widely and variously turned to account. Not only are the dit 
ferential pulley blocks very exteusively employed in warehouses 
and in the factories of the principal engineers and manufacturers, 
but they have found many special and interesting applications, 
While recovering from a former illness, the late King of the Bel- 
gians was accustomed to ascend and descend from one floor to an- 
other of his palace by means of these blocks, a = couch 
being provided, from which his majesty, by a very slight exertion 
of strength, raised and lowered himself with great comfort. 
General Garibaldi, in a note to the inventor, recommends thie 
blocks for remounting artillery thrown down upon the battle 
field, or in course of transit. At the lofty fire observatory at 
Hodges’ Distillery, London, the watchman raises himself rapidly 
by means of a pair of these blocks, to a height of 135 ft. from the 
ground. At an abattoir near Brussels, 120 pairs of them are in 
use for hoisting and hanging carcases. Prince Napoleon pur- 
chased a pair, in person, at the Battersea Show of the Royal 
Agricultural Society, for use in his yacht. In Borneo, these 
pulleys are attached to the branches of lofty trees overhanging 
the coast, and are thus employed for loading vessels. They are 
extensively employed, also, in the shafts of the Cornish mines, 
and they are in use for suspending heavy chandeliers in public 
halls and lecture rooms. ‘They are fitted on board the Royal 
Oak and other iron-clad steamers, and they are applied to lifting 
waggonette tops in coach-houses. In short, wherever heavy or 
light lifts are requisite, with complete security in raising and 
lowering, the differential pulley blocks are employed with adven- 
tage, and from their great ease of working, they are likely to 
largely supersede the ordinary description of block tackle. in- 
cluding these pulleys and hydraulic lifting apparatus, the Corn- 
wall Works have produced tackle capable, in the aggregate, of 
lifting more than 250,000 tons. Messrs. Tangye have recently 
made a great improvement upon Westen’s original invention. 
In addition to these, screw jacks, railway couplings, carpenters’ 
bench screws, and a form of pump known as the “California 
pump,” are largely made. 

More recently large hydraulic machines have been made, at 
the same works, for testing chain cables and iron bars, these 
machines being fitted with the weighing levers required by the 
Board of ‘Trade, under the recent Act for testing ships’ cables 
and anchors. In these, and, indeed, in most of the hydraulic 
machines already noticed, great accuracy of construction and 
excellence of workmanship are indispensable. In the selection 
of materials, and in the machinery, operative skiil, and general 
system, employed in their conversion, the Cornwall Works rauk 
with the manufactories of the better class of steam engines and 
engineers’ tools, as distinguished from the less perfectly organised 
establishments once so characteristic of the industry devoted to 
“ Birmingham goods.” These works, with some others in the 
town, may indeed be instanced as special illustrations of the 
great improvement which has been made within the last few 
years in the organisation of Birmingham manufactories, and, of 
the higher standard of finish and quality to which their products 
now conform, 

Two-thirds of the whole value of the manufactures of these 
works are exported abroad, and to the operation of the French 
treaty is in a great measure ascribed the rapid increase of the 
French branch of the foreign trade from a few hundred pounds 
to now more than twelve thousand pounds annually. The works 
have, thus far, had no American trade, nor are many of their 
specialities of manufacture considerably known in America. 

‘Lhe workmen are of a superior class, the average wages of 
the skilled hands being 55s. per week, second rate hands eart- 
ing from 30s. to 40s, a week. They have a sick club, the pay- 
ments out of which are at the rate of about 125/. per annum. 


Pump DiscHArGe Prpes.—In Mr. Ridley’s paper, lately 
read at the Institution of Civil Engineers, it was stated that the 
two centrifugal pumps employed at the piers of the Grand 
River Viaduct had 4 in. discharge pipes (there were two to 
each pump), and that by flareing out the end of the pipes to a 
enlarged diameter of 8} iu., double the former quantity was 
discharged, the greatest delivery for both pumps being 3000 
gallons per minute. This would give a velocity of 23 ft. pet 
second through the discharge pipes. It is an interesting ques- 
tion whether the gradual enlargement of the mouths of the dis- 
charge pipes to 8} in. each would really bring down the effluent 
velocity in proportion to the enlargement, or say 5 ft. per 
second, equal to a head of about 6 in. This may have beet 
considered as virtually proved by the actually observed increas? 
of delivery after the alteration in the pipes. The effluent 
velocity of 23 ft. per second, could it have been maintained i 
the 4 in. pipes, would have corresponded to a head of nearly 9ft. 





vention of the hydraulic pump and ram, until it is equal to th 





iron in the upper deck and gunwales than in the 


exertion of a great lifting, punching, or shearing force through 


of water, representing that resistance against the pump, i 
addition to the friction of the water in the pipe. 
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LOCOMOTIVE AXLE BOXES. 

Tue driving axle boxes of locomotive engines are 
not only subjected to the wear arising from the weight 
resting upon the bearings, but also to that caused by 
the thrust of the connecting rod upon the crank. This 
last mentioned wear is greater in the bearings of out- 
side than of inside cylinder engines, as in those of the 
latter class the thrust caused by each connecting rod 
is more distributed between the two bearings, whilst 
in the case of outside cylinder engines it is borne 
almost entirely by the bearing which is on the same 
side of the engine as the crank receiving the thrust. 
The pressure upon the bearing is also augmented by 
the crank being outside the bearing, and the thrust of 
the connecting rod being thus applied, at a leverage 
varying according to the distance from centre to centre 
of bearings, and that from centre of bearing to crank. 
In the case of inside cylinder engines, the portion of 
the thrust transmitted to each journal will be in in- 
verse proportion to the distance from the centre of 
cach journal to the centre of the crank to which the 
thrust is applied. Thus, if the cranks are 2 ft. 6 in. 
and the axle bearings 4 ft. apart, from centre to 
centre, the distances from the centre of one of the 
cranks to those of the axle bearings will be 9 in. and 
2{t. 3 in. respectively, and the pressure upon the 
hearings arising from the thrust of the connecting rod 
upon that erank will be transmitted to them in inverse 
proportion to the distances just given, or three-fourths 
to the nearest and one-fourth to the farthest bearing. 

At the commencement of each stroke the horizontal 
thrust is equal to the whole pressure of the steam 
upon the piston, and in the case of an outside cylinder 
engine with 17 in. cylinders and working at an effec- 
tive pressure of 100 lb. per square inch in the cylinders, 
it would amount to more than 10 tons upon a single 
bearing even if the increase caused by the overhang 
of the cranks is disregarded. Throughout the half 
revolution of the crank above the centre line, the axle 
bearing acts as a fulcrum of a lever, one arm of which 
is of a constant length—viz., the half diameter of the 
wheel, whilst that of the other varies from nothing to 
the length of the crank, according to the position of 
the latter. The thrust upon the bearing is manifestly 
equal to the sum of the thrusts upon the crank pin 
and the tractive force exerted on the rails, and if the 
steam is not cut off early in the stroke it will attain its 
maximum at half stroke, at which point the pull, if 
we may so term it, upon the rail is greatest. At this 
int the horizontal thrust upon the bearing will 
ve greater than the thrust or pull upon the crank 
pin in the proportion which the half-diameter of the 
wheel added to the length of the crank, bears to the 
half diameter alone. During the half revolution of 
the crank below the horizontal centre line, the axle 
bearing will be the fulcrum of a lever of the third 
order and the thrust upon it will be equal to the dif- 
ference between the thrust or pull upon the crank pin, 
and the tractive force exerted upon the rail, and it will 
therefore be least when this tractive force is greatest. 

The use of large-wheeled engines has rendered it 
necessary that either the diameter of the cylinders, the 
length of the stroke, or the pressure of the steam should 
be increased in order to obtain the same tractive 
power as when smaller wheels were employed; and as 
the first and last of these alternatives have been most 
generally adopted, the horizontal thrust upon the axle 
bearings has been increased, and the effects of the 
wear thus occasioned have been more felt than 
formerly. In some of the large-wheeled express 
engines particularly, the wear of the axle bearings 
caused by the horizontal thrust has been the source of 
much trouble, as the “ knock” arising from it is very 
likely to cause the fracture of the engine frames or 
crank pins. When brass bushes fitted in cast-iron 
axle boxes are employed the blow inflicted upon the 
bearings at each change in the direction of the thrust 
soon loosens the bushes in their seats, and it also tends 
to augment the wear between the axle box and guide 
blocks. 

The only way to prevent this wear and tear is to fit 
the various parts so that the axle has as little play as 
possible to commence with, and so that whatever loose- 
ness may be caused by wear can be readily taken up. 
By this means a blow will be avoided, and the thrust 
will merely be a dead pressure. The loosening of the 
brasses in the axle box can be best avoided by casting 
them in one with the box, a course now very generally 
adopted. The wear between the axle box and the guide 
blocks can be reduced to a very small amount by 
making the latter of steel and by forming them with 
adjustable wedges ; whatever looseness does occur can 
then be readily taken up. The wear of the sides of the 
bearing caused by the alternate pressure of the axle 





against them is more difficult to remedy, and many 
plans have accordingly been tried. Amongst other 
schemes the crown of the brass has been partly cut 
away, so as to reduce the bearing surface and cause 
the axle to wear up into the brass at such a rate as to 
keep the sides of the bearing always in close contact with 
it. The crown of the brass has also been cored out, and 
the space filled with softer metal, in order to obtain the 
same result. According to another plan, the lower parts 
of the axle boxes or keeps, have been made so that the 
upper part of them fits p against the axle, thus form- 
ing a sort of lower brass, and increasing the area for re- 
ceiving the horizontal thrust. The best arrangement 
of this kind, appears to be that adopted by Mr. Beattie, 
for his engines on the London and South-Western line, 
In these engines the driving axle boxes are divided ver- 
tically into two parts, which, when the box is on the 
axle, are united by the three bolts, one above, and two 
below the bearing. The bearing surface of the box is 
made to extend round the axle for three-fourths of its 
circumference, and a good area is thus offered for the 
resistance of the horizontal thrust. The only objection 
to this axle box, appears to be that the extension of the 
bearing surface around the journal will probably 
render it more likely to heat, than one of the ordinary 
form, but we believe that no inconvenience is expe- 
rienced on the South-Western engines from this 
cause, 

For the bearings of carrying axles, brass bushes, 
having recesses formed in them and filled with white 
metal, are now very generally employed with good 
results. The recesses should be so arranged that the 
oil holes pass through the solid brass, and not through 
the white metal, as this latter material being soft, often 
rubs over and closes the holes, if they are Ted through 
it. The best arrangement of oil holes consists of two 
holes drilled through the crown of the brass at a 
distance apart from centre to centre of about half the 
length of the bearing. They should be counected by a 
straight groove cut from one to the other, and this 
groove should also extend beyond the holes nearly to 
each end of the bearing. The brasses of carrying axles 
should not be fitted to them for more than one-third 
of the circumference of the journals, the remaining 
portions being cut away so as to be well clear. When 
the bearings consist of brass bushes fitted into iron 
axle boxes, care should be taken that the syphon pipes 
of the oil holes are carried through the iron into the 
brass, so that no gil may be wasted by leaking away 
between the bush and seat. The wear between the 
axle boxes and guide blocks may be reduced to a very 
small amount by the use of cast-steel guide blocks and 
axle boxes with chilled faces, but this wear is, in the 
case of carrying wheels, of little consequence, as the 
looseness occasioned by it may amount to }in. or +; in., 
without in any way affecting the safety of the engine. 
The journals of both driving and carrying axles should 
be made as long as possible, so as to give increased 
bearing surface. In the case of driving axles, the 
length of the journals is generally limited by the space 
required for the eccentrics, but in the case of carrying 
aie, the journals could generally be made much 
longer than they now usually are, with good results. 

The keeps or lower parts of axle boxes should be made 
so as to contain sponge or closely-packed cotton waste. 
‘hey are very frequently connected to the axle boxes 
by pins passing through them, but a better plan is 
to support them by springs, these springs either resting 
upon a cross bar attached to the axle box, or upon the 
hornplate stay. The springs retain the sponge or 
waste contained in the keeps, in contact with the under 
side of the journal, whereas, when the keeps are secured 
by pins passing through them and the box, the wear of 
the brass causes a space to be left between the journal 
and the keep, into which dust and dirt can enter. The 
use of the spring arrangement also allows the keeps to 
be taken down and the journals to be examined without 
the engine being lifted. 


PUDDLING FURNACES. 

In his work upen Iron and Steel, Dr. Percy has 
given an admirable series of drawings in detail of one 
of the South Staffordshire puddling furnaces at the 
Bromford Ironworks, near Birmingham. A book like 
Dr. Percy’s is not likely to be in the hands of any 
great number of our readers, and we have, therefore, 
obtained his permission, with that of his publisher, 
Mr. Murray, to copy these drawings into our own 
pages. The furnace, illustrated ie. Ae the next page, 
is worked upon the New Mine coal, which is far more 
clinkery than that from the ten-yard seam, and requires, 
therefore, the very large fire grate shown. 

Figure 1 is an elevation of the furnace, which is 
about 12 ft. 8 in. long over the plates and 6 ft. 4 in. 
wide from outside to outside, The scale of the draw- 











ings is necessarily small, being nine thirty-seconds of 
an inch to the foot; but it is very closely maintained 
in the originals, and we believe our copies give it with 
equal fidelity. 

The fire hole is seen towards the right-hand of Figure 
1. It has no door, the coal being piled upon the shelf 
or ledge which projects at the bottom. Near it, and 
to the right, is the staff hole for heating the puddling 
irons. ‘The door to the bed of the furnace is plainly 
shown, with its balance lever over it. The smaller 
plate, in which the working hole is formed, is more 
commonly omitted. The tap hole, closed with sand 
when the furnace is working, appears below. Figure 3 
is a half horizontal section and half top plan of the 
furnace. Not quite half of the fire grate is shown, the 
Stourbridge brick lining, 9 in. thick, extending straight 
along the back casing plates. The fire hole, with its 
projecting shelf, the staff hole, and the door, lined with 
fire brick, and door frame, are shown in section. The 
fire grate is 3ft. 10 in. square within the brickwork. 
Figure 2 represents the exterior of the fire grate end of 
the furnace, and figure 4 is an elevation of the opposite 
end, with a section through the flue at a point about 
18 in. beyond the furnace walls. The flue is 14 in. 
wide, and at the narrowest part is 11 in. high. 

Figure 5 is a longitudinal section of the furnace, down 
to the foundations, 3 ft. 4 in. below the surface of the 
a. The bridge casting, with holes for the circu- 
ation of air through it, and protected by fire brick 
quarries on the top, is clearly seen. The section of 
the frame just beneath it, and also under the throat of 
the flue, is also shown. The thickness of the cast-iron 
bottom plates, rebated upon each other, is 1} in., and 
over these is a layer, 2 in. thick, of oxide of iron, and 
the sides of the bed, as well as part of the bottom, are 
formed of roasted tap cinder, or “ bull dog,” which has 
a strong decarburising action upon the iron undergoing 
puddling. The inclined brickwork, forming the under 
side of the flue, is shown, and it is represented as 
covered by the cinder which overflows it and accumu- 
lates upon it. This brickwork is shown supported 
upon acast-ironplate. The two strong poe Ne, sm 
one under each end of the bed, and carrying the frame, 
bottom plates, lining and charge, will be seen. 

Figure 6 is a transverse section through the furnace, 
and down to the foundations. It is taken through the 
door and working hole, the tap hole appearing beneath. 
Figure 7 is a plan of the foundations, with part of the 
ash pit beyond the fireplace end of the furnace. 

Figure 8 is a transverse section through the fireplace. 
The other figures are drawn to twice the scale of 
those already described. Figure 9 isa plan of the frame, 
made in halves. Sections at different points are made 
in the plan. This frame carries the bottom plates, and 
these are further supported by a bar of wrought iron 
on edge, and carried on two standards, as shown in 
Figures 5 and 6. These standards ought, however, to be 
placed nearer the door than is shown in the illustration, 
so as better to support that part of the bottom upon 
which the pig iron falls Ssing the operation of 
charging. The frame also receives six side plates of 
cast iron, set vertically, one side plate corresponding to 
each of the six sides of the frame. Figure 10 is turned 
one-fourth around from its proper horizontal position, 
but it will show the form and the mode of carrying these 
sideplates. They rise 10} in. above the frame. The 
fire bridge. and the flue bridge plates have snugs cast 
upon them, as shown in Figure 11, to prevent their 
being pushed outwards. Figures 12 and 13 show two 
of the side plates in elevation, fore-shortened as they 
would appear in looking across the axis of the fur- 
naces. They are the jamb plates at the flue side, and 
fire bridge angles of the furnace, corresponding to 
the oblique sie of the frame on the lower part of 
figure 9. Figure 14 is the door frame. Figure 15, to- 

ether with another view just to the left of it, is the 
ore plate, of cast iron. Over this plate the puddler 
works his paddle and rabble, and, as the wear upon its 
surface would otherwise be very great, a piece of white 
iron is let into it in the manner shown by the lines in 
the figure. As this iron wears away, it can be easily 
renewed. Figure 16 gives two views of the breast 
plate of the tap hole. At some of the South Stafford- 
shire furnaces, coils of water tubing are placed within 
the iron plates at the flue and fire bridge ends. 

Dr. Percy says, in his work, from which we have 
compiled our description: “A puddling furnace 
“ usually lasts about six months, when it must be re- 
“ built; but necds repairing every week. The cost of 
“an ordinary puddling furnace may be reckoned at 
“130/., with good workmen the bottom plates will 
“ last two, or even three years, but bad workmen will 
“spoil them in a month. They become quite tough 
“in the course of about six weeks’ working. There 
“ are about 1500 fire bricks in one furnace.” 
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SOUTH STAFFORDSHIRE PUDDLING FURNACES. 
(For Description, see Page 87). 
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PUBLISHER’S ANNOUNCEMENT. 


It is requested that any delay in the delivery of this journal 


to its subscribers who receive their papers direct from this 
Office may at once be made known. 
The sixteen pages forming the reading matter of this 
journal will, in a short time, be printed upon heavier paper, 
giving more clearness to the type and woodcuts. 
It is hoped that the correct title of this Journal will be given 
to it by its friends and correspondents. The title is not ** The” 
ENGINEERING, nor “ The ENGINEERING Journal,” but is 
comprised in one word only. It is the more desirable that this 
should be borne in mind, as the title may otherwise be confused 
with that of another Journal having a somewhat similar name. 
Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.m.on Thursday. The charge for ad- 
vertisements is three shillings forthe first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 
The price of ENGINEERING to onnual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is Ul. 1s. 8d. Lf credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 
All letters connected with the business department of 
this paper to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, London, W.C. All 
other letters to be addressed, there, “* To the Editor.” 
Cheques and money orders to be made payable to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 
No sums of money are to be paid on account of ENGI- 
NEERING except to the written order of the Publisher, Mr. 
Charles Gilbert, no other person having any authority to 
make collections on account of the Proprietor. 
Mr, R. S. Mackenzie has ceased to be connected with this 
journal, 


ENGINEERING is registered for transmission abroad. 


ARTIFICIAL STONE.—ZJn our account, last week, of Mr. 
Ransome’s artificial stone, as made by his new process, we 
inadvertently stated that the sand was first mixed with lime. 
We should have said carbonate of lime, and either finely 
ground chalk or Kentish rag answers the purpose. Lime, 
alone, would form bat a weak cement with the sand. 

Traction ENGines.—An account appeared in our last 
number of the performance of one of Messrs. Aveling and 
Porter's traction engines in drawing the block for the Welling- 
ton Memorial, and weighing, with truck, 40 tons, through the 
streets of Reading. The truck, belonging to Messrs. Mauds- 
lay, Sons and Field, and constructed to work on the paved 
roads of London, had wheels only 2 ft. 9 in. in diameter, and 
8 in. or 10in. wide. These embedded themselves in the soft 
ground over which they were taken, and we are informed that 
it was solely from this reason that any difficulty was ex- 
perienced in drawing the load with a single engine. 

In a small portion of our last week's issue, the height gained 
by the Mugi inclines on the San Paulo Railway was incor- 
rectly given as “2255 ft., the steepest gradient being 1 in 


9.75,” instead of “ 2550 ft., the average gradient being 1 in 


9.7 De. 


Tue InstituTION OF CIVIL ENGINEERS.— Tuesday, February 13th, at 
8 v.m.—* On the principles to be observed in the designing and laying 
out of Terminal and other Kailway Stations, Repairing Shops, Engine 
Sheds, &c., with reference to the Traffic aud the Rolling Stock.” By 
William Lumber, Assoc. Inst. U.E. 
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GOVERNMENT AND THE RAILWAYS. 


A number of gentlemen are publicly discussing the 
expediency of the purchase of the railways by Govera- 
ment. The Act of 1844 provided for this, at the rate 
of 25 years’ purchase upon the average of the three 
years’ dividend preceding the transfer. With a present 
national debt of 800,000,000/., this would be increased, 
on the purchase of the railways, to about 1,200,000,0002., 
and as the professed object of those who are recom- 
mending the purchase is to at once diminish fares and 
the rates for the conveyance of goods to one-third of 
their present amount, we may couclude that our total 
taxation upon the public debt would be at once in- 
creased by about one-half. For with such a diminution 
in fares and freights, few, if any, railways in England 
could for some time be expected to pay even working 
expenses. Those who recommend the purchase admit 
that the companies could not afford to make this re- 
duction, and their argument amounts to this, that, for 
4 time, individuals should be carried on railways to a 
great extent at the charge of the nation. It may be 
that we shall yet have a proposition for Government to 
take over all the butchers’ and bakers’ shops, and to 
supply us all with bread and meat at one-third the pre- 
sent prices. It is true that there are many who would 
Consume no more meat or bread than they now do, even 


travelling. 


side, and they might no doubt choose their residences 
a little further from town. We do not, of course, deny 
that, upon the whole, more persons would travel at 
very low fares than at the present rates, nor that an 
increased goods traflic a also spring up from places 
where the present freight-charges may now somewhat 
check production. But those who are now arguing 
for Government railways profess to believe that three 
times the present number of passengers, and three times 
as many tons of goods, could be carried with the present 
total cost of railway working. If this can be done, the 
companies have every motive to accomplish it, unless, 
of course, the threefold number of passengers could 
only be obtained by diminishing the fares to one-third 
their present amount. But there is not one particle of 
evidence to show that passengers could be carried more 
cheaply than at present, unless a far greater number 
of passengers could be obtained than at present. Even 
with a greater number of passengers, they would ask 
for more frequent trains, and it is by the multiplication 
of trains that working expenses are increased. As for 
goods, most companies have procured the heaviest 
engines their lines will withstand, and now carry the 
heaviest trains they can. Increased goods traffic means 
an increased number of trains, increased total cost of 
locomotive power, maintenance of way and most other 
charges entering into the cost of working. We do 
not believe that any mere change in the mode of 
management of railways could effect any material 
diminution in the present working expenses. No case 
whatever has been made out to this effect by those who 
talk of transferring the railways to Government. Now 
we have keen competition, often to the sacrifice of the 
shareholders. With Government railways, we should 
have none. 
If we can seriously suppose that the British nation— 
with hundreds of railway directors and large railway 
proprietors in parliament, all naturally anxious to do 
the best for their own property and that of their con- 
stituents—will ever consent to purchase any or all of 
the existing railways, we must believe that all pretence 
of diminishing railway fares will be abandoned. If 
the railways were worked by the Government, we 
should expect soon to see the fares and the rates for 
the conveyance of goods rather increased than 
diminished. Indeed, those who propose the purchase 
of the railways by Government are inclined to recom- 
mend that they should be again leased to private com- 
panies. It would, of course, be to the interest of these 
companies to get as much out of the Government, and to 
give as little in return, as possible. The great opportu- 
nity which the lessees would have, would be in wearing 
down and wearing out the plant of the railways them- 
selves. What would be expected if the Government 
dockyards were leased to private companies? And 
what would be expected if Government were to pur- 
chase an ironworks, a shipbuilding yard, or an 
engineer’s factory, and then lease it to its former 
my rags or possibly to one, perhaps, unaccustomed 
to the business which had been previously carried on ? 
In either case we should expect mismanagement and a 
loss to the public. 

The proposition that Government should purchase, 
and either work or let out on lease, the railways, is so 
crude, and it is advanced by so few persons, and those of 
comparatively such little public influence, that we view 
it rather as one of the many visionary schemes which 
come to public notice because of the perfect freedom 
of expression of opinion possessed by all Englishmen, 
than as one deserving very serious attention. 








SCIENTIFIC EVIDENCE. 


SometHING has been said lately in letters to the 
Times about the commercial article called Scientific 
Evidence, and it is represented that it is bought and 
sold like any article of merchandise, and irrespective of 
the conscientious convictions of those who sell it— 
supposing them to have consciences. We are not in 
a position to deny that there are those, here and there, 
who can be hired to say anything; but whoever 
ventures to extend this opinion to the general body of 
consulting and other engineers, chemists, &c., who are 
so often called upon to give evidence in the courts, and 
before committees and arbitrators, does no credit to 
his own knowledge of men, nor perhaps any real injury 
to the gentlemen whom he would thus villify. One 
Queen’s Counsel implies that scientific witnesses will 





if these articles were supplied free of all cost. But so 


not see the difference between swearing evidence and 


it is, too, with many persons in respect of railway 
In the case of thousands of business men 
and merchants, they would not go once oftener in a 
year from London to Liverpool if the fare were alto- 
gether abolished. They might go oftener to the sea- 


arguing upon it. Now the real fact is that scientific 
witnesses are constantly called upon to give opinions, 
which are mere inferences, or, at the best, deductions 
from their actual knowledge, instead of being facts 
capable of real proof or disproof. It is the natural 
tendency of those who are not of the profession of 
engineering to attach a greater degree of certainty to 
the conclusions of engineers than they will really 
bear. After a lifetime of experience engineers are 
often unable to form more than a belief upon many 
matters of great professional and public importance. 
The case of the Subway Bill afforded an illustration of 
this. The question arose, was it safe to place gas 
mains in enclosed subways? Now any number of gas 
engineers might be found, who would honestly believe 
that there was danger, and possibly an equal number 
who would as truly believe there was none at all. 
Each side, in this conflict of evidence, has its reasons. 
The only mistake is in considering these reasons as 
strictly evidence, whereas they are no more than 
elements of opinion. And yet, although they are not 
strictly evidence, they, by their very conflict, answer 
much the same purpose, as they enable impartial 
judges to form useful conclusions, which are generally 
acceptable to reasonable minds. ‘Those who are dis- 
posed, too, to decry scientific evidence, copecially before 
parliamentary committees, should recollect that wit- 
nesses often cannot. altogether conceal their contempt 
for the frivolous and tedious details into which Counsel 
frequently enter, details of which, it is most likely, they 
possess no just knowledge even after they have been 
fully and conscientiously explained to them. Counsel 
on each side, wish to make out their case, and they 
often almost wear out the patience of committees, and 
of the public who listen to them, by the insignificant 
questions and running arguments by which they seek 
to support or oppose a given scheme. They will 
badger a witness to extremity to get out of him, not 
what he knows, but what he believes, or thinks, or 
supposes, or even imagines. And his answers are 
apt to be taken as evidence of facts. Were it 
not that scientific witnesses generally protect them- 
selves by charging high fees, and that they go 
into court, or the committee, or arbitration room, 
with full resignation to the cross-examination to 
come, there would be but few who could be induced to 
give such evidence at all. Counsel can perhaps hardly 
imagine the contempt they draw upon themselves by 
pestering a witness with frivolous questions. An 
eminent Queen’s Counsel was once striving to make out 
a case against; compensation to be awarded to an 
engineer and ironfounder, whose river frontage was 
about to be shut out by the Thames Embankment. 
Said he: “ You say these patterns can only be moved 
“ with great care, and that they are liable to damage ?” 
“ Yes.”—“ If you move costly furniture, you have to 
“be careful or you will injure it?” “No doubt.”— 
“ And if you move glass without great carefulness in 
“handling it, it is liable to be broken?” “ Yes.” 
Turning to the bench, or rather to the jury, the Counsel 
observed, “ We do not need an engineer to come here 
* to tell us this!” ‘Then why did you ask me?” the 
witness quietly responded. The moment a witness 
finds that his evidence is not being honestly and rightly 
taken, and that he is being badgered to torture his 
own meaning and contradict himself, he may express 
his opinions in a manner more likely to require some 
latitude in interpretation. 

So long as official inquiries continue to be made as 
to the merits of proposed schemes, so long, indeed, as 
men go to law, or arbitration, upon questions involv- 
ing points of science, so long will each side seek, and 
if possible obtain, the support of professional and 
scientific gentlemen of character, whose experience 
and general knowledge of the case are likely to main- 
tain the cause of the side which seeks them out. 
Were it not a settled principle of public policy to hold 
a public inquiry into every case affecting public in- 
terests, this evidence would neither be sought nor 
given. 


STEEL AS A MATERIAL FOR FUTURE 
ENGINEERING CONSTRUCTIONS. 
S1n.—May I call your attention to this subject as 
one on which you could render a great benefit to the 
profession by eliciting sounder and larger experimental 
data than we yet possess? It is the want of these 
data which hinders us from availing ourselves, in the 
designs of our new works, of the many great advan- 
tages which we have long known steel to possess. 
And this is perhaps the critical moment at which it has 
first become possible to employ steel in large engineering 
structures, because only recently has the production of 
steel been brought down to the cost of the best iron. 

















































































































SES Serene 



























































































i s 





ENGINEERING. 


[Fes. 9, 1866. 








1 may remind you that in his address, Mr. Fowler, the 
President of the Institution of Civil Engineers, has 
expressed a similar opinion. 

The blank iu our knowledge which we desire to 
see filled, is a series of experiments on the resist- 
ance of plates of steel to crushing force. We have 
ample experiments on the tensile force of steel, and it 
is certain that we can obtain steel plates having a ten- 
sile power of 2, 3, 4, or even 5 times that of ordinary 
iron plate. But what we cannot tell is the pro- 
portionate resistance of each of those kinds of steel 
to a crushing force. What we desire to see, therefore, 
is a similar set of experiments to those formerly made 
by Eaton Hodgkinson and Mr. Fairbairn on the re- 
sisting powers of cast iron and of wrought iron—car- 
ried out with reference to each of the different quali- 
ties of steel. For this purpose round and square 
tubes of steel plate, of a given thickness, should be 
crushed as hollow columns, of various thickness of 
lates and proportions of length, the point at which 
uickling or erippling commences being carefully re- 
corded, and at the same time the tensile force of the 
same steel of the same thickness must be equally 
given. 

I will now venture to call your attention to some 
very important results which may flow from this know- 
ledge provided we can only obtain it. 

Let me suppose that a kind of steel, which I shall 
call “ steel A,” shall turn out to have a tensile force of 
40 tons to the inch, and a resisting force to compres- 
sion, of $2 tons to the inch. Then it is plain that with 
such steel plates, a railway girder bridge may be con- 
structed of the same weight as an iron bridge, and able 
to resist double the force ; and therefore it would plainly 
be to the interest of the engineer to use such a material 
for structures on a very large scale, which might be 
beyond the limits of iron plate to accomplish. This 
would be great gain for some of the very large struc- 
tures now contemplated. 

Suppose, however, that “ steel B” were to turn out 
capable of carrying 60 tons to the inch in tensile strain, 
and a resisting force to compression of only 20 tons 
to the inch, here would be a new condition of things, 
requiring altogether new treatment and disposition of 
materials, and involving a complete change in the 
structural arrangements of an engineering work—as 
great a revolution nearly as was made by Eaton 
Hodgkinson’s discoveries in cast iron. But this 
change would be ina contrary direction to the changes 
he produced in cast-iron structures. He taught us to 
enlarge the bottom and diminish the top web of a 
cast-iron beam loaded in the middle, in the ratio in 
which he had discovered the power of cast iron to 
resist crushing to be greater than the power to resist 
tensile force. But in steel, which should have a 
tensile power of 60 tons to the inch, and a power of 
resistance to crushing of only 20 tons to the inch, it 
would be necessary to invert this arrangement, and a 
girder of such steel would require to have a top table 
three times as great as its bottom table. 

This would be a new feature in structures of this 
class. It might be possible that the inequality might 
be carried much further, and that plates of steel, which 
might bear a tension of 80 tons to the inch, might 
be unable to bear more compression than 20 tons to 
the square inch, and, if so, the inequality of the top and 
the bottom tables of the bridge would require to be 
carried much further. 

[ need hardly remark that we have some knowledge 
of the resistance of steel to compression, I have 
known steel to bear much more in compression than 
some iron, but I have known it also bear less, and 
what we want is not scraps of information, but a s, s- 
tematic inquiry extending through a great variety of 
qualities of steel, as well as through a variety of 
dimensions and forms. When this is done, we may 
see as great a revolution take place, from the mtroduc 
tion of steel as an element in the construction of very 
large structures, as we have already seen take place 
through the introduction of wrought-iron girders and 
bridges as a substitute for cast-iron. 

Now that we have Mr. Kircaldy’s beautiful arrange- 
ments of machinery, for determining the strains on 
iron and steel structures, it is only necessary that those 
who are interested in the manufacture of steel should 
know how much the information I ask for is wanted by 
the profession, in order to have the deficiency supplied, 
and we shall all be grateful to you if you assist us in 
obtaining it. 1 may conclude by quoting Mr. Fowler’s 
words that “so promising a metal will amply repay 
all the trouble that may be bestowed upou it.’ 

I am, sir, your obedient servant, 


ART IN ENGINEERING. 
ENGINEERS are constantly designing works which are 
intended to endure for generations, and which may be 
in all respects sound and fit for their purpose ; yet many 
of these are anything but beautiful—difficult as it is to 
legislate upon beauty. If every one were free,to con- 
fess his own mind, without prejudice or the habit of 
formal agreement, we fear that it would be rare to find 
any two persons perfectly agreeing as to what is 
beautiful. We somehow all concur in denying that 
the King’s-cross station, or the railway bridges in the 
Borough, or the Ludgate-hill girders are beautiful. 
Indeed we need not employ the term “ denying,” for 
perhaps no one asks us to acknowledge any beauty in 
them. The Brompton “boilers” afford a stronger 
ase, and there must have been many who have wished 
they might raise steam in them of 101b. per square 
inch, a pressure which would in an instant of time 
annihilate their ugliness for ever. It may be safe to 
remark that the building of the Exhibition of 1862 had 
but little more pretensions to beauty than the South 
Kensington Museum. 

Engineering is more closely wedded to architecture 
in bridge building than in anything else. All bridges 
of any pretensions were once designed by architects 
only; and they have left behind them many admirable 
examples of pleasing, if not beautiful, forms—among 
these the Rialto at Venice, and the Ponte della Santa 
Trinita over the Arno at Florence. But we are inclined 
to the belief that no work of pontine art so well com- 
bines grandeur and beauty as London-bridge, nor do 
we believe that any structure in iron will ever possess 
the stateliness, and afford the same satisfaction to the 
eye, as this great and chaste design in stone. Water- 
loo-bridge is longer, and it has a greater number of 
arches, and, besides, a level roadway, yet we believe 
that in most minds it falls far short of the simple beauty, 
if not grandeur, of London-bridge. 

But we have almost, if not entirely, ceased to build 
bridges in stone. Let any one look upon Vauxhall- 
bridge, one of the earlier attempts in iron. It cannot 
be thought beautiful, any more than the abominable 
design embodied in the suspension bridge a little below 
it. If, with the progress of the times, we ever have a 
public board of taste, with powers to deal with existing 
works, both Vauxhall a Lambeth bridges will be 
taken down. Then there is Southwark-bridge; grand 
for its size, yet unpleasing in design. Its deep arched 
ribs, its angular spandrels, and its steep roadway, all 
offend the eye. We cannot but go back in recollection 
to Hungerford-bridge, when it was the finest work of 
its kind over the Thames. But this is not contrasting 
like with like. The handsomest iron bridge over the 
Thames is that at Westminster, yet its design was 
pinched, and its arches needlessly multiplied in number, 
and sunk in dimensions, to heighten Sir Charles Barry’s 
elaborate, yet unsatisfactory work, the Houses of 
Parliament. Had Mr. Page been left to himself, he 
would have given us an even better work than 
Westminster-bridge, fine as it is; and had his design 
been adopted, we should have had a still finer work at 
Blackfriars. Westminster-bridge is not an ideal de- 
sign; its arches, especially in iron, are of too little span, 
and they are too weak in the crown, all because the 
roadway level had to be kept down, and because the 
headway for the steamboats had to be kept up. 
Possibly the finest work which Mr. Page has carried 
out is that, the Lendel-bridge, at York, a single span of 
175 ft., with a flat Tudor arch, the crown being con- 
cealed by an escutcheon. His son, Mr. G. Gordon 
Page, successfully competed with a fine design for the 
Carlisle-bridge at Dublin. In all arched bridges the 
spandrels are most difficult of treatment, especially in 
iron. The design for the Carlisle-bridge, however, 
presents an arch of but little rise, thus giving but 
moderate surface for the spandrels, and these are still 
further restricted in their apparent area, by the con- 
siderable width of the richly recessed arched ribs them- 
selves. Beyond this, and instead of the ugly radial struts 
once employed, the spandrels are formed of arabesque 
foliations, including a figure of Erin and the harp, 


and strong, it would puzzle a clever bridge designer to 
trace the exact lines of strain. 

The horizontal girder, or even the arched truss or 
plate web, will never satisfy the eye, and it could be 
wished that engineers could adopt some other form 
for bridges in large towns. No one can look upon 
the Charing Cross bridge and pronounce it beautiful, 
admirable as it may be in respect of structural design. 
It is a good strong bridge, and the late Mr. Richard 
Roberts, not long before his death, was wont to sur- 
vey the works then in progress, and repeat to himself, 
“ Aye, it’s a right good job!” But it is nevertheless 
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an ugly one, and it is kept in countenance, if we may 





through which, although they are unquestionably stiff 


employ the term, by ugly bridges above it and below 
it. We wish that engineers could learn one of the 
first lessons in beauty of form, to wit, that economy 
of material is now but a secondary consideration, and 
that he who gives us the most pleasing forms will take 
the leading rank in respect of constructive taste. Eco- 
mical as those trussed or lattice combinations may be, 
which are all angles and intersections, they will not 
satisfy cultivated eyes, and those who are responsible 
for the works executed or in progress, and answering 
to this description, should look forward to the time 
when offended taste will insist upon their removal. 


THE HERCULANEUM DOCKS. 

Tuts title does not apply to the range of docks 
which has made Liverpool the great shipping port of 
England, nor to the extensive nature of the works to 
which we are about to refer ; but is taken from the Her- 
culaneum estate upon which these graving docks are 
constructed. This estate is situated at the extreme 
south of Liverpool, on the margin of the river, and was 
appropriated by the Mersey Docks and Harbour Board 
a few years since, for the site of a new system of 
graving accommodation which the port greatly needed. 
‘The works have now been in course of construction 
for about three years, and the plans are of course those 
of Mr. Lyster, the distinguished engineer to the Dock 
Board. ‘Two of these docks, together with the half. 
tide basin, are now almost completed, and when the 
necessary machinery for the a es tower is pro- 
vided, the docks will be quite ready for use. This is, 
however, only an instalment of the works, for it is the 
intention of the Dock Board to construct two similar 
graving docks parallel with those now nearly completed 
and, as occasion may require, probably others will 
follow—indeed musé follow if the shipping interests of 
this great port are to extend as they hese been doing 
of late years. The area occupied by the docks now 
about to be opened to trade, together with the 
necessary quayage by which they are surrounded, is 
96,000 square yards, or (say) 20 acres. The half-tide 
dock which skirts the northern boundary of the new 
works covers an area of nearly four acres. and its 
depth is 11 ft. below the old dock sill. There are 
three entrances, two being 80 ft. wide, and the other 
60 ft. One of the large entrances is at the north 
boundary of the dock, and is intended to form a com- 
munication with another new dock, which the Dock 
Board purpose making on the site of the premises 
now occupied by the Liverpool Shipbuilding Com- 
pany. The dimensions of the graving dock on the 
west side near the margin of the river are, length 
at bottom from north to south 748 ft. 6 in. width 
at the bottom 40 ft. and at the top 80 ft., width 
of the entrance, from the half-tide dock, 60 ft. As is 
customary in docks of the kind, steps run from end to 
end, from the top down, the rise being 19% in. with a 
tread of 13} in. Mr. Lyster’s invention of bilge 
recesses, by which means a ship can be supported on 
either side while undergoing repairs, is a most valuable 
improvement, as it entirely supersedes the old system 
of props, thus giving more room to workmen and 
mahalo accidents less likely to occur. These bilge 
block carriages, when not in use, can be run into the 
recesses prepared to receive them. The second dock 
is sualaie similar to the first, except that it is 3 ft. 
shorter. ‘The docks are drained by means of cir- 
cular sewers, of which each dock has two, of 5 ft. 
6 in. in diameter, which convey the water into two 
permanent oval-shaped wells by two other large sewers 
running the entire length of the docks, at a distance 
of 9 ft. from the bottom thereof. ‘The depth of these 
oval wells is 18 ft. below the level of the old dock sill; 
their widest part is 15 ft., and their narrowest 12 ft. 
6in. When necessary, water from the river can be 
admitted to the docks by means of the low-level 
sewers, as when the cloughs are made to shut the 
water off from the wells above referred to, it flows 
into the docks through another sewer leading to the 
sluices in front of the dock entrances. In a word, by 
means of this new sewer system, now introduced for 
the first time, the docks can be run dry without the 
aid of pumping, and they can be just as easily filled 
with water from the river, when occasion may require, 
a facility due to the large rise and fall of the tide. 

The opening and closing of the gates and working 
of the pumps and capstans will be all done by hydraulic 
ower, on Sir William Armstrong’s principle. The 
iydraulic tower, which is castellated in form, 1s 
60 ft. in height, and the chimney 120 ft. high. There 
will be two engines, of 90 horse-power cach, with five 
boilers, and two accumulators. The works are on 4 
gigantic scale, and reflect the utmost credit on the 











Mersey Docks and Harbour Board, and do great 
honour to the acknowledged skill of their engineer. 
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AGRICULTURAL ENGINES. 


A very great improvement in the general construc- 
tion and details of agricultural engines has been made 
with the gradual increase of the steam pressure at 
which they are worked. It is not very long since 
many portable engines had cast-iron crown bars on the 
firebox, and we have seen many old fireboxes which 
had gone down 2 in. or more at the middle of the 
crow. The stay bolts are now pitched more closely 
than formerly, and the general character of the boiler 
work is more thorough and accurate. The makers, 
with the increase of pressure, have had to find harder 
mixtures of iron for their cylinders, and we have given, 
in former numbers, several of the mixtures employed, 
one of the latest and most promising being that of two- 
thirds hematite No. 1 to one-third of Bessemer steel. 
It is now customary with several of the best makers 
to surround their cylinders with a steam jacket, and in 
some cases this is made the channel through which the 
live steam reaches the valve box. In this case the 
jacket needs to be well blown through with steam when 
the engine is new, to prevent any sand, adhering to 
the inner surfaces of the jacket, from being carried 
through into the cylinder. For portable engines single 
cylinders are now more commonly employed than a pair, 
aud the former involve less attention in working, and 
fewer repairs. Yet there are many who like the pair 
of cylinders, we cannot quite say for what reason, un- 
less it he the slight advantage of having no “ dead 
centres,” and it is the fact, moreover, that the pair of 
cylinders cost but about 80/. more, at the outset, than 
a single cylinder, taking the case of an 8-horse engine. 
The cylinder now has a longer bearing upon the boiler 
than formerly, the seat of the cylinder extending 
past the flanges at each end, and being secured by 
additional bolts. In the best practice, the bolts which 
fasten the cylinder to the boiler are gradually en- 
larged for a short distance under the head, and the 
hole in the boiler is rimed out to a corresponding 
form, so that the bolt, put through from the inside of 
the boiler, is tightened by the act of screwing up. 
With this slight precaution the leakage of steam from 
the bolt holes through the boiler is now very rare. 
The piston rings of cast iron should be cast from the 
same metal as the cylinders, and be cut open at one 
point only. Ifa pin be fixed in the edge of one, and a 
corresponding hole be made in the edge of the other 
to keep the joints at iright angles to each other, 
the rings are apt to get broken at the hole and pin 
respectively. Nor is the maintenance of the joints, at 
right angles to each other, of any real importance in 
preserving the truly circular bore of the cylinder, nor 
in preventing the leakage of steam. The joints or 
openings of both rings may concide, and instead of a 
V wedge to set them out, a cylindrical tightening piece 
of gun metal will effect the same purpose with less 
stiffness in working and without any risk of working 
through and scoring the cylinder. It is now usual to 
give to the piston and junk ring the full diameter of 
the bore of the cylinder when new, but care must be 
taken that the piston can never so far override the 
shoulder, formed near the ends of the cylinder, in 
counterboring it, as to allow the junk ring to drop and 
jam there. 

Many portable engines are now made with traction 
gear, onl are known as traction engines, yet of these 
it is probable that nine-tenths are still really employed 
for the ordinary purposes of portable engines. Only a 
very few traction engines are regularly working, for 
the purposes of traction, in the whole kingdom. The 
farmer or contractor can purchase an 8-horse portable 
engine for 230/., but for 360/. he can now purchase an 
S-horse self-propelling and traction engine, and the 
extra strength and real power of this makes it really 
equal, for driving pumps or machinery, to a portable 
engine costing 280/., so that only 80/. may be said to 
be paid for the self-propelling gear, and with this the 
engine can always go almost anywhere without horses. 

The construction of traction engines requires much 
more skill, and greater strength of parts, than that of 
ordinary portable engines. One of the most prevalent 
mistakes at first made, was in having too quick gearing, 
aud too light driving axles, crank shafts, and driving 
gear generally. The leading makers are now using 5} 
inch best hammered scrap driving axles for 12-horse 
cngines, gearing down to one revolution of the driving 
wheels, to every 13 or 15 revolutions of the crank 
shaft. The crank shafts are about 33 in. in diameter, 
and although they are not often made of Lowmoor, the 
very best makers obtain a material which appears to be 
quite as good, and much cheaper, from a Northampton 
ironmaster, now well known in the trade. For gear- 
ing from the second motion shaft to the pies 


wheel, the pitch chain is now very extensively used, 











and with great success. But this is only the result 
of the very best construction. The links are 
now cut from a 2in. square bar, then planed on 
one side, drilled, and the ends rounded, and steel pins 
driven in. Each link, of the proper construction, 
weighs 7 lb. The small pinion is of cast steel, or six 
tooth, shrouded to take the bearing of the chain over 
its full width. The larger wheel is of great strength. 
In Mr. Aveling’s practice, it is made 2 in. thick, and 
stiffened by stout ribs, and, as soon as it is cast, cold 
water is run for a long time through the central core, 
so that all parts of the large chain wheel may cool 
equally fast and without strain. The teeth, one to 
every other link of the chain, are chilled, and the centre 
of the wheel is bored, and the driving axle turned truly 
cylindrical, and two 3 in. or 1 in. square keys are 
employed for fastening. With this amount of care in 
construction the chain wheels never break. The pitch 
chain, however, becomes more or less slack with wear, 
and there is one ready means of tightening it introduced 
by Mr. Aveling, and now adopted by some of the other 
makers. 

Traction engines all require the link motion as a 
means for instantly reversing, and in addition to the 
opportunities it affords for expansive working. There 
are more than one maker of portable engines who have 
not given the attention to the link which it deserves, 
and their engines beat very unequally. The position 
of the weigh shaft and the point at which the weigh 
link is attached to the slotted link have most influ- 
ence perhaps upon its action. The weigh link should 
be attached to the slotted link near the curved centre 
of the slot, whether the link be held at its mid length 
or no. We cannot, in an article like this, enter upon 
the whole mode of laying out the link motion, but for 
those who have not yet mastered it, the best course 
may perhaps be to work out the best positions upon a 
model, so arranged that all the centres can be readily 
shifted. The objects are, of course, to admit steam 
for, as nearly as possible, equal portions of the double 
stroke, to exhaust equally on both strokes, to obtain 
these requisites at all the different grades of expan- 
sion, and to diminish, as much as possible, the slip of 
block of the link. When all is done, allowance must 
be made, in fitting the valve gear in the ordinary 
manner to the boiler, for the expansion of the latter 
when heated. 

The use of expansive gear, and generally greater 
care in the working of the steam in portable engines, 
has enabled smaller fireboxes than were formerly re- 
quired to produce steam sufficient for a given power. 
The fireboxes of 8-horse engines are not commonly 
much, if at all, larger than those of the 5-horse engines 
made some years ago. 

It should be even more widely known than perhaps 
it is that traction engines are now working in almost 
all parts of the kingdom, and that when sent from the 
makers to the purchasers, at distances of even 100 to 
500 miles, they always go on their own steam. They 
work both up and down inclines as steep as 1 in 6, 
and often go over ground where horses would sink. 
They are employed in the Government dockyards, and 
by the large engineers, for hauling weights up to 40 
tons, and we last week gave an account of the removal 
of the great block of Cornish granite, intended for the 
base of the Wellington memorial at Strathfieldsaye—a 
total load of 40 tons hauled for some miles by a traction 
engine. For ordinary farm work, especially for steam 
ploughing, much less tractive power at the driving 
wheels is required, and indeed many of these engines 
are constructed with the intention only that they shall 
be self moving. When we consider that but a very 
few years ago an outlay of from 1000/. to 1500/. was 
considered necessary for a good traction engine, it is a 
great deal that ‘or less than one-half of even the 
snialler of these sums, engines, capable of working up 
to 40 indicated horse-power, can now be had, and 
which perform all that has been above-mentioned. 
Wé cannot but think that with so many of these 
engines now at work, the time is not distant when 
some of the present restrictions upor the use of steam 
upon common roads will be removed. 








THE LONDON GASWORKS. 


Tue new works of the London Gas Company, on 
the south bank of the Thames, 34 miles above London- 
bridge, and a short distance above Nine Elms, have 
been for some time in operation, although they are not 
yet completed. Indeed the coal is yet Teing sacked in 
from the barges in the timber docks upon the shoulders 
of the labourers, and the setting of new retorts yet 
goes on. There are three retort houses, each 60 ft. 
wide, with intervening coal stores, the whole forming 
a single broad as well as long mass of buildings. In 








each retort house, including those in course of setting, 
are sixteen benches of 20. ft. double retorts, set nine in a 
bench. Thus there are 432 retorts, or 864 mouth- 
pieces, each retort being circular in section, 16 in. in 
internal diameter, and capable of carbonising 19 ewt. 
daily, equal to the production of about 3,900,000 cubic 
feet of gas in the 24 hours. This is not the largest 
single establishment of the twenty gasworks of the 
metropolis, but it is among the largest. The London 
works form an exception in respect of the setting of 
nine retorts in a bench, seven being the more usual 
number, although at the Great Central and the Surrey 
Consumers’ Works from thirteen to sixteen were 
originally set in a bench consisting of an upper and a 
lower stage. With the nine retorts in a bench, the 
grates are 11 in. wide and 4 ft. 6 in. long, 18 in. of the 
grate rising at a considerable slope at the back. Unless 
this rising portion be kept well covered with coke, 
cold air would be drawn in, and a loss of fuel would 
result. The actual consumption of coke is, we believe, 
from one-fourth to one-third of the whole quantity 
made. ‘The joints of the ascension pipes are all made 
along one horizontal line a little above the highest 
retorts, thus meg | a better appearance to the 
eye, as well as being rather more convenient in making 
new joints, than where they are at varying levels. 
The hydraulic main is of wrought iron. Of the retorts 
in each house, one-fourth of the whole number, whether 
at either end or towards the middle of the length of 
the range, can be laid off at will. The gas is taken 
from the ends and the middle of each hydraulic main 
into large cast-iron mains inclined 1 in 100, and placed 
against the walls, large mains descending from these 
and extending under the floor to the exhausters, which 
draw direct from the mains and before the gas has 
passed through the condensers. Of the benches of 
retorts in each house, one half obtain their chimney 
draught from a chimney 130 feet high outside the 
works, while the others communicate with a chimney 
at the end of the range of benches, and rising only to 
the gable of the retort house. To these lower chim- 
nies, the outlet opening in the crown of each bench of 
retorts is about 1 foot square. 


There are two of Mr. Beale’s exhausters, worked by 
two beam engines, either of which, by a convenient 
arrangement of straps, can work either exhauster. 
The flywheels to the exhausters are of unusual weight, 
and tend to equalise the intermittent action which the 
exhausters would otherwise exert upon the gas in the 
mains. 

The exhausters, condensers, and scrubbers are con- 
nected by an extensive system of mains, whereby any 
required connexion or diversion of the gas may be 
effected at will. The condensers are formed of annular 
pipes, connected each with its neighbour by an inclined 
pipe on the outside. This is known as Mr, Wright’s 
modification of Mr. Kirkham’s annular condenser, the 
gas descending in the annular column while the air 
is rising through it and around it. 


The purifiers are very large, being each 24 ft. square 
internally, and containing five layers of Hills’ oxide. 
The station meter is the largest in London, being 18 ft. 
square, and, when we saw it, it was measuring 
120,000 ft. of gas per hour. It was made by Mr. 
Parkinson. It occupies a house built upon the ruins 
of that levelled by the great explosion of October 31st 
last. One of the large telescopic holders, within a few 
feet of the meter house, still remains almost in the con- 
dition in which the explosion left it, except that some 
of the iron of the roof has been removed. The ex- 
plosion was that only of a large quantity of mixed 
gas and ait in the meter house, and the concussion and 
partial relief of atmospheric pressure upon the adjoin- 
ing holder caused its thin top to burst outwards by 
the ordinary pressure of the gas within it. There 
could have been no explosion within the holder itself. 
Had there been it would have more likely been blown 
to fragments, and every building within 200 yards 
levelled to the ground. 

One of the holders at the new works is a little larger 
in diameter than any in London. The pit is 207 ft. in 
diameter, the lower lift 205 ft., and the upper lilt 
202 ft., each lift being 30 ft. high. The contents are 
not far from 2,000,000 cubic feet. The largest holder 
in capacity is still that of the Imperial Company at 
Hackney, 200 ft. in diameter, and 80 ft. high. There 
is a holder 200 ft. in diameter at the Imperial Com- 
pany’s station at Fulham, and the new holders of the 
Chartered Company in Westminster and of the Com- 
mercial Company at Stepney are each a little more 
than 200 ft. in diameter ; so that there are now in all 
five gasholders in London, each of a diameter of from 
200 to 205 ft. It is believed that no other holders of 
equal diameter have yet been constructed. 
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TYRE DRILLING MACHINE. 


Tue accompanying figures show a side and end elevation of 
a machine employed at the works of the Great Eastern Rail- 
way Company, at Stratford, for drilling the bolt holes in wheel 
tyres. In some modes of fastening the tyres, the bolts are 
screwed in from the inner side of the rim of the wheel, the hole 
for the bolt not extending through the tyre, and in such cases 
the ordinary drilling machine cannot, of course, be employed. 

In the machine shown by our illustration, the drill spindle 
is made so short that it can pass into the space between the 
boss and rim of a 3 ft. 6 in. wheel, and it is carried at the end 
of a sliding arm, by which its distance from the main pillar of 
the machine can be varied. The pair of wheels to be drilled 
are rested upon a couple of pairs of small friction wheels, fixed 
at the proper distance apart on one side of the machine. The 
wheels having been adjusted, the arm of the machine carrying 
the drill spindle is slid out so that the drill is brought over the 
proper point in the wheel rim, between the lowest pair of spokes. 
After the hole has been drilled, the arm is withdrawn and the 
wheels turned round upon the friction wheels, so as to bring 
another part of the rim in a line with the drill spindle, when 
the arm is again slid out and another hole drilled, and so on. 

The motion is communicated to the drill through a pair of 
bevel wheels, one of which is fixed on the drill spindle, and the 
other on a shaft passing through the sliding arm and carrying 
at its other end a belt pulley.. From this pulley a belt extends 
to unother fixed upon a counter shaft, this last pulley being 
broad enough to allow of the strap traversing backwards and 
forwards upon it, and so adjusting itself to the various positions 
of the pulley carried by the shaft passing through the sliding 
arm. ‘The arm carrying the drill is slid inwards or outwards, 
by means of a pinion gearing into a rack on the under side of 
the arm. The carriage, through which the sliding arm passes, 
is capable of traversing vertically upon the main pillar of the 
machine, its position being regulated by a screw contained in 
this pillar, and furnished with a handle at the top. By means 
of this screw the carriage can be raised or lowered, and the 
required “ feed” can thus be given to the drill. 





CUPOLA FURNACES. 

We are convinced that every iron-founder who had once 
worked a cupola with a drop bottom would never again do with- 
out one. We have given an illustration of one for a large 
furnace 5 ft. in diameter, the plan and elevation being drawn, 
however, to different scales. The bottom hs a central trap 
door 22 in. in diameter, both the fixed part o: the bottom and 
the trap-door being well covered with fire brick, or a fire clay 
lump, held by — The trap-door is hinged upon a 1} in. 
bolt,* passing through lugs 4 in. in diameter, and 4 iv. long. 
This bolt has a stout head at one end, and is secured by a strong 
cottar at the other. At the opposite side of the trap-door it is 
secured by a flat draw bolt set on ed, It is 3 in. deep and 
1} in. thick, and passes through two stout lugs in the fixed 
part of the furnace bottom, and thus supports the door. A 
stalk projects downward from the centre of the door, and by 





DRILLING MACHINE. 








where the drop bottom is invariably adopted for all cupola 
furnaces, the accidental dropping of the bottom and loss of a 
charge is a thing unheard of. But when the cupola is run out, 
one or two blows on the draw bolt, the door being for the 
momert held in place by the chain, suffices to leave all clear for 
the slag, unburnt coke, &c., to fall into an open pit below. The 
convenience of thus emptying a furnace can only be understood 
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Tue TunNev UNDER THE ALPs At St. GorHarp.—It was 
some time since mentioned that the results of the surveys that 
have been made are such as to inspire strong hopes that the St. 
Gothard tunnel will proceed at a more rapid rate than that 
through the Mont Cénis has hitherto done, and this may also*be 
reasonably expected by reason of the experience acquired in the 
prosecution of the latter undertaking. Sanguine persons, who 
reckon on the Cénis tunnel being completed in six or seven years 
more, talk of the possibility of that through the St. Gothard 
being ready at the same time, but such predictions are to be 
received with caution, and we know that the Cénis Summit 
Railway based its calculations upon the assumption that at least 
ten years must elapse before travellers would be conveyed 
through the mountain over the top of which it purposed to carry 
them. There is no doubt that the Gothard is the point decided 
upon, but some controversy still continues as to whether it be 
the best that could be selected. Mr. Koller, an engineer, has 
published a comparative summary of the advantages offered by 
that line and by the Splugen, showing that in population and 
commerce the district for which the Gothard would be most 





means of a chain it can be moved freely upon its hinges into 
any position required. A ball at the lower extremity of the 


stalk assists in counterweighting the door. ‘ 
The door cannot possibly open by accident, and in the States, 


desirable is far superior to that which would be best served by 
the Splugen tunnel. According to his statement, which pro- 








fesses to be based on the official statistics of the Swiss Confede- 
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by comparison with the mode of raking out from a fixed bottom. 
‘The trap bottom remains open all night, so that a man can go 
into the furnace in the morning to mend any holes that may 
have burnt in it. The materials shot into the pit are received 
upon a bed of sand, and are quenched with a hose pipe. The 
iron that is found among the slag can be cleaned in a rumble, 
and is available as a part of a future charge. 














ration for the year 1864, the total population of the commercial 
zone of the Gothard is one and a half millions, and of the Splu- 
gen zone only 400,000; the Federal subsidy forthcoming for the 
former line is more than six times as great as that obtainable 
for its rival ; the receipts of railways are as fourteen to four, and 
imports and exports are more than three to one. ‘The commer- 
cial movement of the St. Gothard zone is shown to be, in com- 
parison with that of the Splugen zone, as 79 2-3ds to 20 1-3d. 

New SUPERINTENDENT OF THE WAR DEPARTMENT 
Macuinery.—Mr. Anderson, who has, since the Crimean war, 
held the post of Assistant-superintendent of the Royal Gun 
Factories, has been appointed Superintendent of the War 
Department Machinery. Lieut.-Col. Freeth has succeeded Mr. 
Anderson at Woolwich. 

PorTABLE EnGines.—We understand that Messrs. Clayton, 
Shuttleworth, and Co., contemplate making a considerable re- 
duction in the prices of their portable engines. 

TynemMoutu.—Mr. J. Frederick Spencer is engaged in the 
construction of first class engine works at ‘Tynemouth, and is 
about to fit his improved engines to a 1200 ton ship. 

Tue Fire Bricape.—It is understood that the Metropolitan 
Board of Works will at once purchase ten new steain fire 
engines, in addition to the eight now in use. 
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THE PIMLICO WHEEL WORKS. 




















THE WHEEL WORKS AT PIMLICO. 


THE building lately designed and erected by Messrs. Ordish 
and Le Feuvre, of Westminster, for the Wheel Making Com- 
pany, on the site of their old works, destroyed by fire about 
eighteen months ago, deserves notice, not only asa good example 
of iron construction, but also from the fact of its being 
peculiarly adapted to resist the vibration of rapidly moving 
machinery, so hurtful in its effects to the stability of any 
structure. 

The works are situated immediately outside the Victoria 
Station yard, and the south-eastern wall rises from the bank 
of the Grosvenor Canal. From the principal entrance in the 
Victoria-road, no striking architectural or engineering features are 
visible, and the height of the building is dwarfed by the 
difference of level between the roadway and the ground floor. 
Indeed, one learns more from the drawings from which this 
work was constructed, rather than from any examination of 
the work itself, how large the building is, and how much 
care has been given to its design. Altogether, it contains six 
floors, besides the basement, the top one taking the place of a 
roof and being used for stacking timber. ‘logether these make 
up a height of 66 ft., and the space enclosed between the four 
surrounding walls is 82 ft. 6 in. by 56 ft.6in., equal to an 
area of 4661 square feet, or a total of 32,627 square feet 
available for manufacturing or storing purposes. 

On two sides the walls are carried up to the level of the top 
or sixth floor, but at the ends they stop at the fourth story and 
the two upper floors are carried on columns, as shown in sketch, 
figure 2. ‘The bays are left unglazed and open to the air to 
facilitate the drying and thorough seasoning of the timber to 
which purpose this part of the building is devoted. 

Longitudinally, the new manutactory is divided into eight 
bays, and transversely into three; the columns being 10 ft. 3% in. 
and 16 ft. 54 in. apart, respectively. 

The diameter and strength of these columns, which, with 
the surrounding walls, carry the whole weight of the structure, 
vary as follows:—1 ft. 2 in. diameter, with 1} in. metal, for first 
and second floors; 1 ft. diameter, with 1in. metal, for third and 
fourth floors; 10 in. diameter, and in. metal, for fifth and sixth 
floors; and these last dimensions apply to the two tiers of 
columns which are substituted fur the walls at the ends of the 
building as before described. 

Figures 3, 4, and 5, are enlarged details (drawn to a scale of 
din. to the foot) of the junction of the main girders with the 
columns, and this also shows the construction of the fire-proof 
floors. [t will be seen in figure 8 that the base of one column 
is not directly attached to the cap of that below it, but that 
they are separated by a distance piece, 1ft. 9 in. in length, and 
of a section similar to the column itself. 

This dimension corresponds to the depth of the main girders 
which carry the floors (less the thickness of the top and bottom 

nges, { of an inch together), and which are made continuous, 
while the web, finished with two angle iron stiffeners, stops 
against the distance piece, but is not secured to it. Four 14 in. bolts 
connect the columns, girders, and distance piece together, as seen 
in figures 3 and 5. The mode of fastening the ends of the main 
girder to the walls is shown in figure 4, where it will be seen that 
the angle irons which form the end of the web are secured 
through the brickwork, by two 1} in. diameter bolts, to heavy 
wall plates outside the building. hese wall plates are of cast 
iron, 2{t. din. long, by 1 ft. 2 in. 

















| metal. By these means, the walls and columns are tied together 
throughout from end to end, and the whole structure is made 
perfectly rigid in the simplest as well as most effective manner, 
and heavy machinery is now constantly at work on the first and 
second floors, without producing the least vibration. The main 
girders in each floor are 1 ft. 9 in. deep between the upper and 
lower flanges, which are 9 in. in width, and 3; in. thick, rivetted 
to a ,*, in. web, by two angle irons, 3 in, by in. by gin. at top 
and bottom, the section being unaltered throughout. At the 
ends they rest upon bed stones built in with the brickwork, 
1 ft. 10}in. long, by 1ft. Gin. wide, and 5in. deep. To the 
girders are secured the cross rafters, 3 ft. in. apart between 
centres, 

These are rolled iron beams of the section shown in figure 3, 
with a depth of 8in., a top and bottom flange 4 in. wide, and jin. 
metal. ‘Tie-bolts-Lin. in diameter connect them from end to 
end of the building, and prevent them from spreading under any 
unequal thrust from the arches which form a part of the fire- 
proof floorings. They rest upon brackets rivetted to the main 
girders, and the ends are secured by angle irons bolted to 
the web. It will be seen in the section, figure 1, that only the 
first, fourth, and sixth floors are at present made fige-proof, 
the others being covered with planking upon joists in the usual 
manner, and only one-half the number of cross beams are used. 

In the fire-proof Hoors the space above the brick arches is 
filled up flush with concrete, to within an inch and a half of the. 
intended level, and the area is covered with a layer of asphalte 
of that thickness. 

In case it may be desired hereafter to have the whole build- 
ing fireproof, provision has been made by which the additional 
cross girders can be introduced and the brick arches turned be- 
tween them, with the least amount of trouble and inconvenience. 

The building is lighted at one end by windows 5 ft. 9 in. 
wide, and extending from floor to ceiling, in each story, except- 
ing at the basement, where corresponding openings are to 
be eventually fitted with doors. Thus the brickwork, which 
forms the end of the building, consists only of eight piers; 
east iron facia girders, 2 ft. 1 in. deep, cross the space 
between them at the different floor levels, and similar ones 
connect the face columns on the two upper stories. 

The asphalte, which covers the area of the topinost floor, falls 
in a curve from the centre, right and left, to gutters made at 
each side, and the rain water is carried off by two down pipes, one 
toeach gutter. A railing 3 ft. 6 in. high runs round the top of 
the structure. 








Tue CaruisLe Bripcr, Duniin.—The citizens of the 
Trish capital find themselves unable to obtain the money for 
constructing the Carlisle-bridge, for which the fine design of 
Mr. George Gordon Page was long ago adopted. Mr. Page’s 





wide, 2 in. in depth, with g in, | will add about 2500 tons weekly to the present make of iron. 


bridge, if carried out, will have a single iron arch with a clear 
— of 140 ft. over the Liffey, and will have a width of 150 ft., 
the same as the width of Sackville-street. The arch is seg- 
mental, with a low rise, the roadway being nearly, but not quite 
level, the camber of the parapet line being 9 in., the balustrades 
resemble the rich design carried ont in the new Westminster- 
bridge. The spandrels are formed partly of arabesque work 
with a figure of Erin, the Irish harp, and the shield encircled 
by the Irish legend, “* Erin go braugh.” 

New Furnaces.—There are, in the Cleveland district, ten 
new blast furnaces nearly completed, which, when in blast, 


























ee SR ee 
Th 


—o eee 





























Tae Himataya.—The Himalaya was commissioned at Devon. 
port by —_ Seccombe, on the 1st of July, 1861, who was suc- 
ceeded in the command of the ship by Captain Lacy, on the Ist of 
August, 1862. Since her commission by Captain Seccombe she 
has been once round the world, calling in at the Cape, Ceylon, 
Melbourne, Sydney, Auckland, New Zealand, and Ascension ; 
six times to Quebec, twice to Halifax, once to the West Indies, 
once to the Cape of Good Hope and the Mauritius, and seven 
times up the Mediterranean. ‘The distances she has steamed 
and sailed and the fuel she has burnt have been as follows :— 


Distance in Coals burnt. 
miles. Tons, Cwt. 
BOs: sas, ben. 000 16,918 ... ». 5142 8 
1862 25,470 ... 6,909 13 
1863 89,635... 7,338 0 
186% 28.664 ... 5,240 17 
1865 ev 24,734 5,723 19 


Totals va 135,421 2... 80,854 12 


The speed of the ship has averaged 10.2 knots per hour, made 
at a consumption of coals of one ton for every tive miles of 
progress made, The immediate cause of the Himalaya being not 
very long since paid out of commission, is the springing of 
her crank shaft pin in heavy weather during her last trip to 
America, the injury being caused, in the opinion of her officers 
and engineers, by the “racing” of her engines. This is, we 
believe the third time that the ship’s engines have been disabled 
from the same cause, and, doubtless, now a remedy will be ap- 
plied. Indeed, on the occasion of the Himalaya’s return to 
Portsmouth from her last voyage but one, the Admiralty called 
upon Mr. Hamilton, the agent tor the “Silver’s Governor,” for 
an estimate of the expense and time of filling the Himalaya’s 
engines with this very useful controlling power over the flow of 
steam from the — boilers to her cylinders. ‘The Himalaya 
possesses no controlling power of the kind at present, and con- 
sequently, when running before a heavy sea, she sets her engines 
“racing” whenever she rises on the top of a sea by lifting her 
screw out of the water and decreasing very materially the resist- 
ance to the engine’s revolutions. Under this condition the en- 
gines increase their revolutions so suddenly and largely that they 
cause their own destruction, as proved by broken and damaged 
erank shafts. Nor is this all, for, supposing the shaft and other 
portion of the engine to escape damage, by the time the ship has 
again descended into the trough of the sea, the very steam pres- 
sure that ought to be available in lifting her again freely from 
the waters (and that would be if the admission of steam to the 
engines were regulated by a governor) has been expended in 
the rush to the cylinders and running away of the engines, and 
a loss of power and of speed each time this process is repeated 
is the natural result. ‘he mercantile sea-going iarine. has 
largely adopted the use of the “ governor ” simply on economical 
grounds, aud the ships of the French Imperial navy are now 
each ordered to be supplied with one by order of M. Chasseloup 
Laubat, the Imperial Minister of Marine. 


RatTeas_e VALvE or THE Merrovo.ts.—The annual value 
of the property in the metropolis is assessed as 14,524,797, 
upon which the Main Drainage rate of 3d. in the pound amounts 
to 181,5607. The annual value of the City of London is 
1,411,110/.; of Marylebone 1,053,748/,; of St. George, Hanover- 
square, 1,076,272/.; and of St. Pancras 925,872/. These are 








the wealthiest single districts. 
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FLAX MACHINERY. 


Fax fibre forms the bark or outer skin of the flax 
plant, and is united to the inner core or “ boom” by 
a gummy substance. Notwithstanding that many 
plans, some mechanical and some chemical, have been 
devised for effecting the separation of the flax fibre 
from the core, mene lave proved sufficiently successful 
to replace the natural system now adopted in most 
flax-growing countries. According to this method, the 
flax plants, after having been pulled up by the roots, are 
made up into bundles, srtially dried, and stripped of 
their seed. They are then immersed in partially stag- 
nant water for a period of about three weeks, the 
fermentation which takes place during that time causing 
the decomposition of tne cementing substance; this 
process is called “ retting.” In some parts of Europe 
what is called “dew retting” is practised, the flax 
being exposed to the influence of the weather by spread- 
ing it upon the grass. In Belgium, and also in the 
north of Ireland, the flax-straw, after having been 
steeped, is sometimes spread out upon a newly mown 
field for several days, this process, which is termed 
“ grassing,” facilitating the separation of the fibre and 
also improving its colour. The plants should be turned 
over several times during their exposure. 

After the flax has been “ retted” and dried, it is 
subjected to a process by which the wooden core is 
broken up, and the bark partially split. On many of the 
flax farms the “ breaking ” is effected by a very simple 
machine, consisting of two pieces of wood connected to- 
gether by a hinge, and each furnished on one side with a 
number of angular bars, so arranged that when the 
blocks come together, the ridges on one fall into the 
hollows on the other. One of the blocks is fixed, and 
the other is moved by means of a wooden or iron 
spring attached to it, and connected with a treadle 
worked by the workman’s foot. A bundle of flax 
straw being placed between the two blocks, the motion 
of the one block forces it into the angular spaces, and 
causes the inelastic central core to be broken. In 
Belgium a simple mallet is frequently employed for 
breaking the flax, whilst in some parts of Ireland the 
still more primitive plan of laying the flax on a road, 
and driving a heavy cart over it, is still adopted. 
Breaking rollers are now much used for breaking 
flax. They consist merely of a pair of rollers fluted 
longitudinally, the spaces between the ribs being con- 
siderably wider than the ribs themselves. ‘These rollers 
revolve in opposite directions at such a distance apart, 
that the flutes, although overlapping each other, do not 
come in actual contact. The flax is fed in between 
them, and the wooden core is broken up by their action 
in precisely the same way as by the blocks of wood 
already mentioned. 

The next operation which the flax has to undergo is 

“ scutching,” or separating from the woody matter. 
This is still performed to a great extent by hand in 
— to by a machine. Hand scutching is per- 
ormed, sometimes by suspending the fibres by each 
end alternately and striking it with a wooden beater, 
and sometimes, as in Belgium, by inserting a bundle of 
the straw in a notch formed in an upright wooden 
stand and striking the projecting portion with a flat 
blade attached to a handle. The bundle is held in the 
hand during this operation, and is turned round so as 
to subject all parts to the action of the striker. 
Scutching machines consist generally of a cylinder 
about 3 ft. in diameter, furnished round its cireum- 
ference with projecting “ beaters” of a plain rectangular 
form, and also with one or more combs. The cylinder 
is enclosed in a casing having an opening on one side 
at which the flax can be introduced, and above this is a 
louvre through which the broken woody particles can 
escape. The cylinder is driven at from 300 to 400 revo- 
lutions per minute, and the flax, which is introduced at 
the above-mentioned opening, is struck by the beaters 
against the louvre and the “ boom” expelled. When 
one half of the length of the “ strick,” or bundle of 
flax, has been scutched, it is withdrawn, and the other 
half inserted. The casing of the machine being closed 
at the end, the air is partially exhausted by the rapid 
rotation of the cylinder, and a draught is thus caused 
through the louvres, which tends to press the flax 
against the beaters. 

In some scutching machines, made by Messrs. 
Rowan and Sons, of Belfast, the beaters, ‘instead of 
being rigidly attached to the cylinder are hinged to it. 
lhe rapid rotation of the cylinder causes them to be 
extended radially through the influence of centrifugal 
force, and they are thus made to exert an elastic pres- 
sure upon the flax exposed to their action. The 
beaters are made of cast steel hardened, and are formed 
with a trunnion or pivot at each end, which is inserted in 


an eye attached tothe cylinder. After being seutched, 
the flax should present the appearance of a bundle of 
narrow tape, and should be quite unbroken and un- 
entangled. 

After being scutched the flax is “heckled.” This 
was formerly done by hand, the fibres being drawn over 
a board set closely with pins, about 4in. long, and 
ground to a fine point. By this means the flax was split, 
and the process was continued by the successive use of 
heckles of various degrees of fineness, until the fibres 
were sufficiently separated and cleared of the short fibres 
or tow. In the heckling machine, the flax, divided 
into small bundles, is held by one end between clamps 
or “holders” made of hard wood or steel, and lined 
with india rubber or felt. A trough, having a slit along 
the bottom of it, extends across the top of the machine, 
and in this the holders are placed, the flax hanging 
down through the slit. The holders are placed in 
the trough at one end, and gradually pushed through 
and removed from the other, so as to subject each 
bundle successively to the action of the heckles in 
the manner which will be described. The heckle bars, 
which are of wood, are attached to leather straps passing 
over pulleys at top and bottom of the machine, the 
straps being disposed in pairs, so that the heckles 
pass vertically down the centre of the machine, at a 
short distance apart, the bundles of flax coming 
between them. A number of these pairs of heckle 
straps are arranged side by side in one machine, the 
fineness of the hecklesincreasing gradually from the side 
at which the stricks of flax are inserted to the other. 
The trough carrying the flax holders has a vertical 
motion given to it by cams, so that the flax is gradually 
lowered between the heckles, and, after resting an 
instant, is withdrawn. The heckle pins are cleared of 
the tow, or short fibres, by small rods, thrown by the 
the action of centrifugal out of radial grooves formed 
in the lower pulley over which each strap passes. 
After clearing the heckles, the rods are forced back 
again into the pulley by coming in contact with fixed 
guides. The straps are prevented from slipping by 
teeth fixed on their inner side, which fall into notches 
on the pulleys. 

The flax is next subjected to the action of the 
“ spreading frame.” In this machine the stricks of 
heckled flax are supplied by an endless travelling 
feed sheet to the receiving rollers, from which it passes 
through a series of heckles or “ gills,” which are con- 
tinually moving up an inclined bed away from the 
receiving roller at a speed about 5 per cent. greater 
than the surface speed of the latter. From_ the 
heckles the flax is taken up by the drawing rollers, 
which move at a speed from 15 to 30 times greater 
than that of the heckles or from 70 to 140 ft. per 
minute. The fibres are by this operation laid parallel 
to each other, and they are delivered by the dune 
rollers (the upper of which is of wood, and pressed 
heavily down by weights) in the form of a “ sliver” 
t in, to 5 in. wide, Four of these slivers are formed 
in each machine, and these are collected and united 
into a single sliver by an arrangement called a doubling 
plate. 

The slivers from the spreading frame are next passed 
through the second drawing frame. A number of the 
slivers, generally eight, are placed (in the cans into 
which they were delivered & the spreading frame) 
behind the drawing frame, and led over a conductor to 
the receiving rollers. The conductor is placed at some 
height above the cans, so that a considerable length of 
sliver is péndent, and the creases caused by it being 
packed in the cans are thus removed. The receiving 
rollers are in this case three in number, and are arranged 
so that a firm hold is obtained of the sliver, and the 
heckles are thus prevented from drawing it forward 
faster than the surface speed of the rollers. The 
general arrangement of the gills or heckles is the same 
in this machine as in ‘the spreading frame, and the 
slivers are drawn and collected and united into a single 
sliver in a similar manner. The speed of the gills is 
generally about 6} ft. per minute, and that of the 
drawing rollers 130 ft. per minute, and the sliver is 
consequently elongated about twenty times by its 
passage through the machine. 

The next machine which operates upon the flax is the 
one known as the “screw gill regulating roving 
frame.” This is a compound machine, consisting of a 
screw gill part, similar to that of the machine last 
mentioned, combined with the roving frame proper, 
which takes up the sliver from the delivery rollers and, 
after giving it the necessary twist, winds it upon a 
bobbin. The gills of the drawing portion of the 
machine travel at about 6 ft. per minute, whilst the 
drawing rollers have a surface speed of 90 ft. per 
minute, and the sliver is thus finally elongated 15 


times. The sliver passes from the drawing rollers to 
the top of the fliers carried by the bobbin spindles, and 
by these it is coiled upon the bobbins. The amount of 
twist given to the sliver by the fliers is regulated by 
the number of revolutions (generally 1} or 2) which 
these make for each inch of sliver delivered by the 
drawing rollers. ‘The bobbins are driven at a slower 
speed than the fliers, so that the latter are enabled to 
coil the roving (as the twisted sliver is called) upon 
them. The speed of the bobbins is varied as their 
diameter is-increased by the coils of roving wound upon 
them, but the means by which this is done could 
searcely be clearly explained without the assistance of 
a drawing. 

We now come to the last process—the spinning of 
the yarn. Notwithstanding the numerous improve- 
ments which have been made in flax-spinning machinery, 
the finest yarn produced bythe machines is three times as 
coarse as that which canbe obtained by hand spinning. 
The finest sizes yet produced by the machines are those 
known as numbers 300 and 400, of which “ bundles,” 
containing 60,000 yards, weigh % and 4 lb. respec- 
tively. ‘The hand spinner can produce yarn of sizes 
varying from Nos. 1000 to 1200, the “ bundles,” of 
which weigh } and 2 lb. respectively. At one time 
the flax was spun dry, but a great improvement was 
introduced by the late Mr. Kay, who originated the 
principle of wet spinning now employed. In carrying 
out ,this method, the rovings were at first steeped in 
hot water for a considerable period, until fermentation 
took place. It was, however, found that the strength 
of the fibre was endangered by this process, and that a 
better result could be obtained by merely passing the 
rovings through hot water. 

In the wet spinning frames now employed the 
rovings are sae through a trough containing hot 
water, to the receiving rollers; the trough being 
placed as near the rollers as possible. From the 
receiving rollers the roving passes to the drawing 
rollers, and thence to the fliers by which the yarn is 
spun. The drawing rollers are usually run at a surface 
speed of from 100 to 200 ft. per mimute, this being 
from eight to ten times the speed of the receiving 
rollers; and the fliers are driven at from 2000 to 4000 
revolutions per minute according to the weight and 
quality of the yarn being spun. ‘The rollers require to 
be carefully made to produce a good result; the lower 
drawing roller and the two receiving rollers are 
usually made of hard brass, and are fluted longitudi- 
nally with flutes rounded at the top and; bottom. The 
upper drawing roller is generally made of boxwood, 
but gutta percha rollers have also been used to some 
extent. 

The cost of machinery for the manufacture of flax, 
is, like that of cotton, generally estimated at so much 
per spindle of the spinning frame. One spreading and 
two fanaa frames will supply sliver toa roving frame 
with fifty spindles, and each of these spindles will 
supply with roving twenty spindles of a spinning frame. 
The cost of the spinning frame varies from 16s. to 25s. 
per spindle, according to the fineness of the yarn to be 
spun; and the total cost of a flax mill, including steam 
engine, shafting, and building, may be estimated at 
about 4/. per spinning frame spindle. We have now 
given a general description of the machinery employed 
in the manufacture of flax ; as for those of our readers 
who desire further information upon matters of detail, 
we cannot do better than refer them to the excellent 
paper, read before the Institution of Mechanical Engi 
neers by Mr. Greenwood, during their meeting at 
Dublin last year, from which paper we have drawn much 
of the information contained in the present article. 


SEWER VENTILATION. 
AtrnouGH we are yet almost in mid winter, the 
Main Drainage Committee of the Metropolitan Board 
of Works find themselves compelled to advertise for 
plans for ventilating the sewers. We know more than 
one resident of Hampstead who has been driven away 
from that elevated suburb by the rise and escape there 
of sewer gas. That we are distantly, if not nearly, 
threatened this year with cholera and typhus, no one will 
dispute. And with such a strange and terrible 
epidemic as the cattle plague now ravaging our herds, 
it is time that every means should be ones for 
neutralising, as far as possible, all atmospheric con- 
ditions of disease. The whole question came up at the 
last meeting of the Metropolitan Board of Works, and 
although the motion for offering a prize of 250 guineas 
for the best plan of ventilation was not carried, enough 
was said to show the importance to be attached to the 
question of sewer ventilation. Mr. Miller, M.P., who 
supported the motion, said that some years ago, 
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attention was called to a map in which all the 
gully holes of the London sewers were shown by black 
marks. It was found that fever and other forms of 
disease were prevalent near these gullies. One was 
near his own house, and he remonstrated with the 
yarish authorities as to the danger he incurred from 
it; but it was only by bringing a vesiryman to the 
spot, and inducing him to experience for himself the 
nature of the efluvium, that an order was at last 
obtained for trapping the nuisance. Half of the 
members of the Metropolitan Board, the other day, 
were for doing nothing, but we believe that Mr. 
Bazalgette and Mr. Hayward, the City surveyor, are 
both roused as to the great evil to be met and over- 
come. It has been said that water is the best carrier 
of sewage, but how much water have we in London to 
carry our sewage? When, forweeksperhaps, in Summer, 
we do not have a drop of rain, we have only the water 
companies’ supply, possibly 1,000,000 cubic feet an hour 
during the twelve or fifteen hours of the day in which 
we are using water. And what, pray, are 1,000,000 
cubic feet an hour? It is equal only to the discharge 
of a canal 30 ft. wide and 3 ft. deep, moving at a rate 
of less than two miles an hour. Now, who would 
knowingly live within a mile of such a canal were it an 
open one, taking the whole sewage of London? Has 
it never struck any one that the very fact that the 
whole sewage of London is manageable by pumping 
engines—powerful as they doubtless are—nevertheless 
shows in what a concentrated state this sewage is ? 
Our calculation is no doubt in excess of the actual 
daily quantity of water supplied by the London 
companies, and it supposes the water to be used 
for but a part of the i. although the sewage would 
be perpetually fermenting in the sewers. There can 
be no doubt that foul gases in abundance are already 
generated in the sewers, and it remains to be seen 
how far the nuisance will be abated when the whole 
system of the main drainage is in full operation. 
Our own fear is, that so far from any diminution, the 
evil will be increased. That the engineer of the 
Metropolitan Board of Works is most anxious to meet 
the great difficulty of thorough and innocuous ventila- 
lation, we feel assured. ‘I'he sewers must not be sealed 
against all escape of gas. If they were, men could 
never be sent into them for examination or repairs, 
except at the risk of instant suffocation or poisoning. 
It would be a work, too, of the gravest difficulty, to 
apply deodorisers to the vast extent of the London 
sewers. There would appear to be no remedy but by 
shafts, and possibly that of decomposing the foul gases 
by incandescent fuel in their ascent through these. 
But we shall not restrict the question by opinions of 
our own. Whether the Board do or do not offer 
a prize for a system of ventilation, we are certain 
that the minds of a great number of competent engineers 
and chemists are already directed to the consideration 
of the whole subject, and that it will have close and 
constant attention. 


CAPTAIN COLES’ CORRESPONDENCE. 
Captain Cores, some time ago, received an appro- 
priation from the Treasury for the invention of turret 
ships, and, as a half-pay officer, he was furthermore 
retained at a salary to supervise the design of new 
turret ships, in so far as the application of his invention 
was directly involved. In the agreement to this effect, 
it ri wy that a clause was inserted as follows : 
a “ But the said Cowper P. Coles is to have free 
7 liberty by means of lectures, models, publications, 
“ and otherwise, to prove the great utility, value, and 
. economy of his invention of shield ships, by way of 
a diffusing and extending the reputation thereof, and 
to show the value of the same, and the numerous 
z Ways in which it may be used, worked, and extended 
for sea-going ships, coast defences, and otherwise.” 
There are few who will say that, when Captain 
Coles once took an official appointment, it was right 
that he should have had, and should have exercised, 
the freedom of publication for which he stipulated, and 
which he obtained. He naturally believed in turret 
ships, and in nothing else. It was then natural that 
he should condemn all other forms of fighting ships, 
and in doing so he would, almost as a matter of 
course, criticise their designers as well as the design. 
tad the Admiralty fully adopted his invention, his 
Public opposition ‘to other te would have been, 
perhaps, less unbecoming ; but the turrets were tried 
Only as an experiment, and their further application, 
at the present time, ean be considered only as experi- 
ape. Whatever Captain Coles might have thought 
of Mr. Reed’s designs, it was not his place to publicly 











Condemn them, as he has been doing. It was in the 


spirit of his own undertaking with the Admiralty to 
work with Mr. Reed as long as he could do so, and if 
he did find himself unable to do so, to offer his 
resignation. 

Captain Coles has availed himself to the utmost 
of the privilege which he reserved in his agreement of 
August, 1862, and has repeatedly held Mr. Reed’s 
designs up to censure, well knowing that the offitial 
position of the Chief Constructor did not permit of his 
making any public reply whatever. The Lords of the 
Admiralty have borne with this as long as they could 
do so, until, on the appearance of Captain Coles’ 
recent letter to the Staxdard (a letter refused insertion 
by the Zimes), they have terminated his supervision of 
the construction of the turret ships, as also the 
remuneration he had been receiving for this service. 
The Admiralty letter to Captain Coles, and dated 
January 24th, amounts, indeed, to a summary dis- 
missal. He has appealed to the public by publishing 
the correspondence upon the subject, including also a 
republication of his letters to the Standard. There 
will, perhaps, be many to say that, from his original 
understanding with the Admiralty, his dismissal has 
been harsh and uncalled for; but to us it appears 
impossible that the Admiralty could allow one welt ser- 
vant to go on publicly censuring the works of another, 
who was debarred by his position from making any 
reply. If the Admiralty are to be blamed at all, it is for 
having made such a concession in the first place, 
although they did no doubt trust to Captain Coles’ 
good sense and good taste, and, possibly, forgot that 
in exercising the full privilege he reserved to himself. 
he would, almost of necessity, resort to invidious 
comparisons. 

In the mean time, we believe that the public service 
can lose nothing by Captain Coles’ removal. He is 
not an engineer, nor can he be supposed to possess any 
exclusive knowledge of naval architecture—even as 
applied to the;construction of turret ships. His idea of 
a turret, supposing it to have been original with him, 
is thoroughly understood, and there are others who, 
we think, are better fitted than Captain Coles to work 
it out in practice, if, indeed, it be found altogether 
practicable, of which there is yet some doubt. 


THE PNEUMATIC RAILWAY. 


Tue works upon the Waterloo and Whitehall Rail- 
way are now in active progress, and although we can- 
not believe they will be completed by the time originally 
given out, we is not doubt that before many months 
passengers will be transported under the Thames with 
railway safety and railway speed. The new line will 
be about five-eighths of a mile in length, with a brick 
tunnel on the land sides, and a wrought-iron tube, 
covered with cement, under the river. This tube will 
cross beneath the river, between Scotland-yard and 
College-wharf, in four spans, in all nearly 1000 ft. 
long. The diameter will be 12 ft. 9in. The tube will 
be a subaqueous bridge, resting on three intermediate 
piers, with spans of 240 ft. each, and the cylinders 
which are to form these piers, are now being sunk. 
The tubes, which are making at Messrs. Samuda’s 
ironworks, Poplar, will be sunk into a dredged bed 
prepared to receive them, and they will be so jointed 
to each other over the piers, that they can afterwards 
be pumped dry from the inside; weight sufficient 
being given to them to keep them down. The top of the 
tube will be 12 ft. under low, and 30 ft. under extreme 
high water. On the northern side of the river, the 
line will pass in brickwork under the new Metropolitan 
District Railway, the steepest rise being 1 in 33. The 
engine station, as in the case of the Euston-square and 
Holborn line, will be at one end of the tube only, the 
trains being alternately blown and sucked through ac- 
cording to the direction of motion required. It 
is expected that a maximum difference of pres- 
sure, equal to but one fourth of one pound per 
square inch on the opposite ends of the train, will 
be more than sufficient for all purposes. This is 
equal to but 3 in. of the mercury column, or to 
7 in. of water, and will, indeed, be hardly appreciable 
by passengers. Indeed, with this slight difference of 
pressure, the tractive effort would amount to more 
than 2 tons, or to 4596 lb. But for the ordinary trains 
for which, we understand, the estimates for working 
the line have been made, nothing like this great tractive 
force would ever be required. We believe that trains 
of only three carriages of 5 tons each, or 15 tons in 
all, are contemplated. ‘The resistance of these, even 
with an additional weight of 5 tons of passengers, 
should not exceed one-fourth of a ton upon the Tevel 


gradients of 1 in 33. It is expected that the trains 
will be worked at a speed of about 25 miles an hour, 
and thus the greatest work done would not exceed 127 
horse-power, but the ascent of the short inclines would 
be rather by the momentum acquired on the level 
portions of the tunnel, than by engine power exerted 
at the- moment. It is understood that 60-horse engines 
will be put down to work the line. These could easily, 
no doubt, indicate up to three times their nominal 

ower, and if the efficiency of the great fan should be 
But one half that of the total work done by the engines, 
enough power would remain for blowing the trains. 
Mr. Rammell’s own description of the motion of the 
trains in the tubes, is that they sail, and sailing is the 
best word for the purpose. 

The experimental line some time ago worked at the 
Crystal Palace, was 400 ft. long, and the tube was 
10 ft. 6 in. in diameter, a portion of its length being 
inclined 1 in 15. There a maximum pressure of half 
a pound per square inch was employed. The Euston- 
square and Holborn line, now open for parcels traflie, 
is 1} miles long, and is worked in a single length at 
the rate of 17 miles an hour, or even more if desired. 
In this case the tubes are equal in sectional area to a 
circle of 4 ft. 6 in., although the form of the tube is 
much like that of a railway tunnel. 

The sinking and connexion ofthe four great spans 
of tubes under the Thames will be a delicate opera- 
tion, but we think means will be found for carrying 
out this work successfully, and for permanently free- 
ing the tubes from water. 








THE CRAIGELLACHIE VIADUCT. 


A paper by Mr. W. H. Mills was lately read at 
the Institution of Civil Engineers, upon the con- 
struction of the Craigellachie viaduct over the river 
Spey, on the line of the Morayshire railway, and at a 
point fifteen miles from the sea, It will be recollected 
that a large box-girder bridge, constructed by Messrs. 
Fairbairn and Co., of Manchester, crosses the same 
stream with a span of 230 ft. The Craigellachie viaduct is 
for a single line, and was designed jointly by Mr. Samuel 
and Mr. Mills, and consists of a pair of lattice girders 
of 200 ft. span, besides three spans of box girders of 
57 ft. each. 

The Spey is a large and swift stream 110 miles long, 
rising in ground 1100 ft. above the sea, and falling 
14 ft. per mile on the average for ten miles above the 
bridge under notice. It is subject to large and sudden 
floods, often rising as much as 12 in. an hour for eight 
or ten hours together. At the site of the viaduct, the 
river at the ordinary stage of water is 180 ft. wide and 
4 ft. deep at the centre. The channel is used for 
floating down timber in rafts, and in the execution of 
the works had to be kept unobstructed. The bed of 
the river is of coarse gravel with large boulders here 
and there, the whole resting upon compact gravel and 
clay. A timber pile coffer dam could not be resorted 
to therefore for the foundations. For the main pier, 
eighteen cast-iron cylinders, of a diameter of 5 ft., and 
bolted together in two lengths, so as to go 13 ft. 6 in. 
below the bed of the river, were sunk and filled with 
concrete in the space of six weeks, The cylinders were 
sufficiently large to admit a man within each, and the 
man had to work within them, breaking up the boulders 
encountered in the way by means of iron wedges. This 
work went on night and day. Fifteen cylinders of the 
same size were sunk for the main abutment in the space 
of three weeks. For a small river pier, eleven cylinders 
4{t. 3 in. in diameter were sunk in like manner, and to 
the same depth. On these cylinders, filled with con- 
crete, solid ashlar masonry piers were erected, the 
height from the usual water level to the underside of 
the girders being 20 ft. 

There is no peculiarity in the girders. The lattice 
girders are parallel throughout, and 17 ft. 4 in. deep 
Their top and bottom booms are 3 ft. wide, with 70 
square inches, exclusive of cover plates in the bottom 
flange, and 753 square inches, inclusive of cover plates 
in the top flange. The iron employed appears to have 
been of good strength, having, according to Mr. Mills, 
averaged a breaking weight of 22 tons 8 ewt. for the 
plates, and 24 tons, 3} cwt. for the angle irons. With 
a moving load of 1 ton per lineal foot, applied by the 
Government inspector, the deflection of the 200 ft. span 
was } inch, with no permanent set. This load gave a 
tensile strain of 4.1 tons per square inch in the bottom 
flange, and 3.78 tons per square inch in compression in 
the top flange. The viaduct was fourteen months in 
course of erection, having been opened for traffic in July 
1863. Its total cost was 12,199/., or about 29/. 10s. 





portion of the way, nor more than about 17 ewt. on the 


per running foot. 




















































































































96 


ENGINEERING. 





[FeB. 9, 1866. 








“WEEKLY LIST OF ORIGINAL ARTICLES 


Published in Recent Numbers of the Chief Scientific Foreign 
Periodicals or Reviews, and which may be consulted at the 
Free Library of the Patent Office, Southampton-building 

XXII. Journal fur Gasbeleuchtung. 
(1865. Monthly). 

Riedel. Retort furnace. 

Horn. Tar used as fuel at Bremen. 

On tar as a fuel. 

C. Schiele. Fan-exhauster. 

Dr. Deicke. Purifying gas. 

Removing sulphur compounds from gas. 

On sulphuret of carbon. : 

Schnuhr. On the strength of the walls of massive basins of 

gasometers. 

Sels. Apparatus for heating the basins of gasometers. 

Schnubr. Laying pipes under water. 

Bohm. On gulvanised wrought-iron pipes. 

Schnuhr. Valves for gas lanterns at Berlin. 

Bonnet. On glycerine. 

Schwarzer. On glycerine. 

On the destruction of gasometers by glycerine. 

Dubourg and Co. Economical gas-burner. 

Improvements in Dubourg’s gas-burners. 

Smith's burner. 

Stoppage of gaslights at Stockholm. 

Spielhagen. Gas explosion at Stockholm. 

Gas explosion at Paris. 

Gas explosion at London. 

Experiments on submarine illumination in Russia. 

Manufacture of illuminating substances from brown coal. 

Explosion in manufacturing oxygen. 

Dr. Riidorff. Carbonic acid apparatus, 

On Riedel’s retort furnaces. 

Schippke. Coal truck for feeding retorts. 

C. Wolff. On Fan-exhausters. 

F. Schaffer. Improvements in Clegg’s gas-cocks. 

Nebelung. Alternate cock. 

Th. Heesch, Gasometer. 

O. Krell. On the deterioration of gas in Clegy’s alternate cocks. 

G. Franke. On the heating of the water of basins of gasometers. 

J. Pintsch. On glycerine. : 

E. Schering. On the destruction of gasometers by glycerine. 

G. Liegel. Gas cooking apparatus. 

Dr. 8. W. Hofmann. Applying the Bentheim glance coal to the 

manufacture of gas. 

F. Riidorff. On the estimation of carbonic acid in lighting gas. 

W. O. Tar used as fuel at the Bremen gasworks. 

Retort furnaces at the Wasseralfiogen ironworks. 

Dr. W. Reissig. Purifying wood gas. 

Dr. Volcker. Un the composition of gas-lime and applying the 

same to agricultural purposes. 

Schnuhr. Calculation of the strength of the walls of massive 

gasometer basins, 

Concentric pressure syphon for gasworks. 

Wolf. Half-cocks for gas lanterns. 

E. Below, Apparatus for thawing pipes. 

Dr. Stilzel. Safety lantern. 

‘Treatment of ammoniacal water at the gasworks of Munich and 

Nuremberg. 
Dr. G. Feuchtinger. On aniline colours. 
Professor Wagner. On the artificial manufacture of benzoic 





acid. 
Professor Frankland. On the magnesium light. 
Sonstadt. Manufacture of magnesium. 
E. Reichardt. On the manufacture of magnesium. 
Professor Thomsen. Mechanical equivalent of light. 
G. Liegel. On bog iron ore. 
G. Liegel. Pipe sockets. 
Submarine illumination. 
S. Schiele. Concentric pressure syphon. 
F. Schaffer. Alternate cock. 


XXIII, Muster-Zeitung fir Farberei, Druckerei, Bleicherei, 
Appretur. 
(1865. Fortnightly.) : 

Red madder impressions of eight colours (with specimen). 

Kletzinsky. Adrianople red (without madder) for woollen felt. 

E. Kopp. Manufacture of yellow alizarine from the green aliza- 
rine of commerce. 

On the injurious action of alkalies on cotton fibres. 

Lachmann and Breuninger. Aniline blue soluble in acidulated 
water. 

New mode of obtaining anil'ne blue and aniline violet. 

Manufacture of aniline brown. 

Aniline colours that may be washed, and fixing the same on 
cotton. 

On the history of aniline colours. . 

Gaultier de Claubry. Dissolving colouring substances of aniline 
without using alcohol or pyroligneous spirit. — 

Woollen yarn dyed by means of aniline grey (with specimen). 

Manufacture of aniline green. ; 

Aniline green, and its application to dyeing and printing (with 
specimen). 

Tarlatan dyed by means of aniline red magenta (with speci- 


men). 
Dr. Kiippelin. Aniline black. 2 . 
Aniline black, and its application to dyeing and printing (with 


specimen). 
Th. Schneider. Aniline black. 2 . 
Zephyr wool printed by means of aniline violet (with speci- 


men). 
Finishing articles obtained on Jacquard machines, and printed 
by copper plates. 
Finishing silk stuffs. 
Finishing stuffs for the manufacture of flowers and printed and 
painted blinds. 
Cotton yarn dyed by means of azure blue (with specimen). 
Pattern of azure blue on zephyr yarn (with specimen). 
Iron yarn dyed by means of azure blue (specimen). 
On the textile nature of cotton and numbers of cotton thread. 
Prof. Bottcher. Detection of cotton in linen. 








Dyeing cotton. ° 

Printed calico (with specimens). 

Bistre brown grounds, with delicate white figures. 

Obtaining blue colours on cotton fabrics. 

Blue dyes for cotton and linen. thread, silk and woven fabrics. 
Blue lilac on woollen yarn (specimen). 

Bleaching wool. 

A. R. Arrot, Bleaching linen threads and tissues (with speci- 


men). 

Woollen yarn with brown prints (with specimen). 

Brown colour on cotton (with quae 

Brown colours from logwood. 

New brown colouring substances from aniline. 

Brown dye for woollen yarn (with specimen). 

Centrifugal machines and pressing rollers (with plates). 

China clay. 

EF. Buxtorf. Machine for colouring (tinting) (with plates). 

Using chloride of barium for preventing incrustations of boilers. 

Colours of chromic oxide for calico printing. 

Chromium black for cotton yarns (with specimens). 

Prussian government regulations on the construction of steam 

ilers, dated 6th December 1864. 

Complementary colorimeter (with plates). 

Roofs for dye works (with plates). 

Sponging cloth and other woollen fabrics—such as merino, 
mousseline de laine, &c., and mixed woollen and linen 
stuffs. 

Half woollen stuff with three colours (specimen). 

Printing stuffs of pure wool, of wool and silk, and chalis. 

Printing pattern in madder style (specimens). 

Dark red on woollen yarn (specimen). 

Iron mordants. 

Knitting yarn dyed iron grey (specimen). 

Chimneys of factories (with plates). 

Washing wool at factories. 

Dyeing hats. 

Receipts for wool dyes. 

E. Schéne, Dyeing property of the root of galium tartaricum 
and galium physocarpum, 

mene of the colouring substances of commerce (with 

ates). 

Five-coloured pattern for weaving half woollen stuffs, red, 
white, hyacinth, green, and black (specimen). 

J. Levinstein. Purifying fuchsine and extracting aniline 
colours. 

Printing yarns. 

Longin Gantert. Machine for washing yarns (with plates). 

Colman. Coloured starch. 

On yellow berries. 

Obtaining chamvis yellow on English woollen yarn by means of 
munjeet (with specimen). 

Chamois yellow calico with red pattern (specimen). 

M. Vogel. Yellow colouring substance of fuchsine. 

Test of mixed fabrics. 

tendering tissues fire-proof. 

Brilliant black for sewing-silk, with an increase of 50 per cent. 
in weight. 

Woollen yarn printed by ‘means of grey colours (with speci- 
men). 

Grey and fallow colours on silk and silk fabrics. 

Grey (slate) muslin lining (specimen). 

Grey iron yarn (with specimen). 

Grey woollen knitting yarn (with specimen). 

Green colours for cotton (with specimens). 

Green colours with « base of oxide of chromium for wool. 

Receipts for dyeing mixed woollen and cotton fabrics. 

Winding apparatus of dye-works for small pieces. 

Brilliant bistre ground, with dark bistre-brown figures. 

Cotton yarn dyed by means of a clear reddish brown colour 
(specimen). 

Zephyr yarn of a hyacinth grey colour (with specimen). 

New hydro-extractor, and directions for fixing the same (with 


plates). 

Irisated (combined) bistre-brown artieles, illuminated. 

Jute yarns and tissues, 

Grob. Cold process of bleaching. 

Cold vats ager rer! F 

Check pattern of half-woollen stuff, with green, black, and azure 
blue colours (specimens). 

New process for boiling silk. 

On dunging. 

Mignonette prints (small designs), of madder, red, violet, or 


rown. 

Adulteration of madder. 

Composition for vats, 

V. de. Luynes. Manufacture of litmus. 

H. Bridson and J. Alcock. Improvements in folding machines 
(with plates). 

Substantive manganese, or bistre-brown colours, and their use in 
calico~printing. 

Manganese green. 

Sorel. Machine for coating fabrics (with drawings). 

ae Mercerizing and animalizing stuffs of vegetable 
fibres, 

Dyeing merinoes, 

Mineral colours. 

Manufacture of richly coloured, illuminated, and genuine calico 
for furniture, dyed by means of madder. 

Figured plush for furniture. 

Cotton yarn dyed by means of fancy colour (specimen). 

Zepbyr yarn dyed by means of fancy grey. 

Mosaic prints. 

Filled muslin, or gigot finish. 

Zephyr yarn of an olive green. 

Pansy-coloured lining (with specimen). 

Pansy-coloured calico (with specimer ). 








Biowixe Enoines.—We understand that the horizontal 
engines heretofore employed for blowing in the Bessemer process 
are likely to be superseded by vertical engines. In some cases 
blowing cylinders, for a pressure of air of 20 lb. per square 
inch, are proposed, with cylinders as large as 6 ft. diameter, 
with 6 ft. stroke. 





Tue Homser Ironworks.—It is understood that Messrs, 
Pile, Spence, and Co, of Hartlepool, have provisionally pur- 
chased the Humber Ironworks, and that they will remove the 
whole of their business from Hartlepool to Hull. 

THe Dryinc up or THE THAMES — The following 
ap some time since in the Pall Mall Gazette, but 
it is still of interest in connexion with the inquiry at pre- 
sent going on as to the condition of the Thames. ‘In the 
last Session of Parliament, a bill moted by a Chelten- 
ham Waterworks Company, was resisted and eventually rejected, 
on the ground that if it was carried the water of the Thames 
in its upper portion would be exhausted to such an extent as 
seriously to interfere with the supply of the metropolis. That 
the danger was not altogether imaginary is shown by some 
evidence given before the Select Committee on the Thames navi- 
gation, more particularly by that of the Rev. J. C. Clutterbuck, 
of Long Wittenham, near Abingdon. This gentleman, who 
told the Committee that from his ‘love of the question of 
water’ he had been led to examine it very closely, saul he could 
state from his own knowledge and what he had seen, that there 
is a danger of the water in the Upper Thames falling off, 
‘The peculiar geological condition of that country,’ said the 
reverend gentleman, ‘is this—you find the oolites there, and 
there is an interspersing of the beds of stone and rock and 
gravel with clays. Wherever there is a junction there is a 
spring, and wherever there is this weeping the springs there 
are necessarily land drainage; the land drainage leads away this 
water at once, so that these parts of the strata are left entirely 
dry, and instead of weeping out gradually, as they used to do 
before the land drainage was in vogue, and so supplying the 
water to the Thames throughout the summer, it all comes away 
at once. I have myself seen at Cirencester the river running 
bank high, perfectly clear—as clear as crystal—merely from the 
drainage water which comes off in such an immense quantity; 
whereas in the same place, where the water was four or five 
feet deep, running in an immense volume, as at the Thames 
head and elsewhere, you will find at the end of the summer 
the river perfectly dry. I should say that it is a very impor- 
tant question, not only with reférence to the Thames naviga- 
tion, but also with reference to the water supply of London. [ 
believe that the time will come, and that we may live to see it, 
when London will be distressed for want of a supply of water 
from the Thames. I believe that it is an important question to 
the London water companies, and I think that the time will come 
when it will be absolutely necessary to construct reservoirs in 
the upper part of the Thames, just in the same way as reser- 
voirs are constructed to supply the Oxford Canal. The Oxford 
Canal is so well supplied with water from these reservoirs that 
occasionally they are able to sell water to the Grand Junction 
Canal. The upper part of the ‘Thames is extremely well fitted 
for these reservoirs, and I believe that the time will come, and 
that not long hence, when these reservoirs will be absolutely 
necessary, whether for the mills, the navigation, or the suppl 
of water.’ Proceeding to speak more particularly of the Chel- 
tenham scheme, Mr. Clutterbuck said:—‘I will give you an 
idea of what a pump can do. In the Upper Thames there is a 
place called the Thames-head, from whence the water used to 
flow, Ihave no doubt, in abundance. From the peculiar phy- 
sical position of the valley, the water used to flow out in a pecu- 
liar way. Subterranean water generally lies on an incline, and 
whenever there is a dip in this line—that is to say, when the 
— dips below the angle at which the water rises in the 
soil—there will be a spring, and that is no doubt the origin of 
what is called the Thames-head, which lies close by the Ted- 
bury-road station. ‘There is a pump, and that pump is working 
ina cylinder of 9 ft. stroke, and 33 in. diameter, which, without 


exaggeration, raises at every stroke, 250 gallons of water, and 


there are eight strckes a minutes, that is about 3,000,000 gal- 
lons a day. Now, there was a scheme for supplying Chelien- 
ham, and they were to take about 1,500,000 gullons, that would 
be just half as much as this engine pumps-up. 1 went down 
the bed of that stream and I found that there was not a drop of 
water till you got down toa place called Ewen, and then you 
begin to find the springs. ‘Then I went to the first mill on the 
stream, and found the disconsolate miller scratching his head 
and not quite elear whether within two or three days he could 
grind one sack of corn for a man who had brought it. In the 
next mill there was an agricultural engine to help them to grind, 
as there was not sufficient water to grind with. The miller told 
me that they would be up to their ankles in water one day, 
the steam pump should 4 put on, and in two days they would 
be able to walk across to the opposite meadow without getting 
wet. Now, if the Cheltenham Waterworks had taken those 
springs at South Cerney, they would have done just the same 
thing by the Churn as that engine does for the original Thames, 
for that was the original Thames in the time of the Saxons, and 
no doubt there was a beautiful stream of water gushing out in 
one head which made it notorious. If Parliament had allowed 
that scheme of Cheltenham to be carried out, then they would 
have played the same trick with the Churn as they had done 
with the Thames, and then somebody else would come and they 
would take another stream.’ ” 


TRIAL or A STEAM Fire Excrne.—On Saturday last, a trial 
was made of one of Mr. Wm. Roberts’s steam fire engines. Steam 
was raised to a pressure of 100 Jb. in 7 minutes 43 seconds, when 
the engine was started with a 1 in. jet, the poe panne being 
from 90 to 110 1b. per square inch. After it had been working 
some time, the 1 in. jet was replaced by one { in. in diameter, 
when the water pressure rose to 130 1b, Some experiments were 
made with a wire guard similar to those placed in the windows 
of the warehouses at the St. Katherine’s Docks. With the 1 in. 
jet placed 20 ft. from the wire guard, the water was broken into 
spray, and was only projected to a distance 27 ft. beyond the 
guard, whereas, when the jet was elevated 2°, so that the jet 
passed over the guard, the water was thrown to a distance of 
198 ft., the angle of the branch pipe being about 30°. The ex- 
periments show conclusively that the presence of wire guards upon 
warehouse windows would ent the efficient action of any fire 
engine in case of a fire within the building. The engine t 
was of the same class as the “Excelsior,” made by the same 
maker. It is about 10 ft. nag, ty os. 8 in. in width, and weighs 
about 31 cwt. It is about to be shipped for Hong Kong. 
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BOILER EXPLOSIONS. 


Wirn from fifty to sixty boiler explosions annually 


in the United Kingdom, attended as they are with the | that with a slight blow he struck a chisel through the bottom, 
and found it in a similar condition, the entire length of the 
and with the destruction of a greater or less amount | boiler. A report to this effect was sent to the owner, pointing 
of property, is it not time that Government should at | out the necessity of replacing the boiler forthwith. In reply I 
least appoint a commission to inquire into the whole 
subject, and whether these disasters are not wholly 
preventible? We believe that if the last report of the | report, more particularly as to the hole made by the chisel. 
chief engineer to the directors of the Boiler Insurance | Having perfect confidence in the inspector, I promised to send 


loss of as many lives, many serious personal injuries, 


and Steam Power Company (Limited), could be placed 
in the hands of every Member of Parliament, it would 
arouse public attention to an evil of considerable and 


increasing magnitude, which might we believe be | the week, the water made its escape with considerable force, and 


almost wholly prevented. We are not at present re- 
commending the Governmental control of steam boilers, 
although this is exercised with good results in other 
countries, but were it made the practice to’ institute a 
strict official inquiry by competent oflicers into the cir- 
cumstances of all boiler explosions, and were it enacted 
that where any proved negligence or improper manage- 
ment had caused the explosion, the makers, owners, or 
other parties to the wrong should be publicly prose- 
cuted, we should secure in full what we now 
have to but a small and inadequate extent—the adop- 
tion of a general system of boiler inspection through- 
out the United Kingdom. There are already in ex- 
istence four or five associations for this purpose, and 
that already named appears to be the most extensive 
in its operations, although the others no doubt deserve 
equal praise for the zeal and thoroughness with which 
their examinations are made. Since the formation of 
the Boiler Insurance and Steam Power Company, in 
the year 1859, not less than 322 boiler explosions have 
taken place, causing the loss of 554 lives. During the 
same period not less than 13,000 boilers have been 
inspected by the officers of the company, and of these 
but 11 have exploded, being a proportion of about one 
in 1200. In 1865 the officers of the company made 
the great number of 28,825 inspections, of which 698 
were internal, and 2608 thorough examinations. During 
the last year 1823 proposals for insurance were acted 
upon, and of these 122 were declined from the im- 
perfect condition of the boiler proposed for insurance, 
while 152 remained for inspection, and 76 were deferred 
for thorough examination, alteration, or repairs. 

When the human organisation is deranged, the 
sufferer generally seeks medical advice, and even dumb 
creatures can in most cases make themselves under- 
stood when they are suffering from disease. But a 
steam boiler can give no expression to its infirmities 
except by blowing up. Were it examined in time, 
however, the causes tending to produce, or, perhaps, 
inviting explosion would plainly appear, at least, if any 
conclusion is to be formed from the reports of the 
Boiler Insurance Company. Last year their inspectors 
found no less than 3424 defects~in the boilers exa- 
mined, and of these no less than 644 were actual 
fractures of plates and angle irons. Here is what Mr. 
Longridge, the . company’s chief engineer, says of 
three of these fractures :-— 

“In relation to this class of defects, I may mention one in- 
stance where a boiler 6 ft. diameter, made of % plates, with in- 
ternal furnaces, fractured at the third circular seam from the 
back end, for a length of about 9 ft. through the line of rivets. 
Instead of replacing the fractured plate at once, the owner had 
it repaired by means of a strip of plate about 12 in. and 2 in. 
thick, placed outside, secured by bolts and nuts, and over this, 
five bars of iron 2 ft. by 2} in. by fin. placed lengthway of the 
boiler, and held by 3 bolts at each end. In this state the boiler 
continned working for some months, at a pressure of 601b. per 
Square inch, with water oozing out at the fracture, which it was 
impossible to make tight; but at length, on my urgent remon- 
Strance the repairs were properly executed. ‘The fracture in 
this, as in most other instances, was attributable to unequal ex- 
pansion and contraction. The external flues.were so arranged 
that the products of combustion passed first along the sides, and 
then returned along the underside to the chimney—a very ob- 
Jectionable arrangement, especially for high pressure boilers. 

“In another instance, a boiler 7 ft. diameter, made of ¥ in. 
plates, fracture in a similar manner, for a length of 3 ft., owing to 
the feed water being delivered upon this direct seam, an evil which 
18 very common, but may be easily obviated by shortening the 
inside pipe, and attaching an elbow so as to deliver the water 
ae y per a little above the level of the top of the flues. 

nother boiler, 4 fc. diameter, made of 4in. plates, working 


at 90 Ib, pressure, was found fractured 6 ft. in length, in the 
direction of the circumference, 


“Many other examples -mig] iv 
ay ot! ght be given, but as they present 
no peculiarities, they are needless,” ‘ 

There were 1031 cases of corrosion of plates and 
angle iron. One case alone is described in the report, 
and upon reading it, the chance by which the corroded 

iler escaped explosion seems wonderful : 

‘The defects which come under this head are much the most 
ee, and, moreover, the most dangerous—especially if on 
the underside of a boiler—from being difficult of detection, and, 


found it so thin where resting on the midfeather or centre wall, 


was informed that subseqnent to the inspector’s visit, he had 
had the boiler examined by two competent men—a boiler maker 
and his own engineer—both of whom denied the accuracy of the 


him again to point out the place, but on arrival he found. the 
boiler at work. In the course of two or three weeks, however, 
the owner called upon me again and acknowledged that the in- 
spector had been right, for on raising steam at the beginning of 


washed away some of the seating. He then intimated his inten- 
tion of ‘getting a new boiler as soon as possible, but in the mean 
time wished to have my sanction to continue working the old 
one at a lower pressure. The maximum pressure stipulated in 
the policy was 40 Ib., but the inspector had found the safety 
valve overloaded to 47 1b. i told him I could not guarantee 
the safety of the boiler at any pressure, and as it was situated 
under the mill I pointed out the probable consequences in case 
of explosion. Nevertheless the boiler was continued in use till 
the new one was ready, and when taken out the plates along the 
bottom were found to be even worse than had been anticipated, 
being in some places not more than ;}, inch thick, and in others 
little thicker than a sheet of ordinary brown paper. The corro- 
sion in this instance was attributable to dampness of the seating 
and leakage from the lower seams, defects to which all boilers 
are liable when seated on a midfeather. It may be well to here 
again mention, that in setting boilers of this construction, it is 
best so to arrange the flues that the products of combustion pass 
along the underside, immediately after leaving the internal flues, 
and thence return by the sides to the main flue and chimney, all 
the flues being made of sufficient area to admit of a man passing 
freely through them for the purpose of examination—an impor- 
taut consideration frequently overlooked.” 


No less than 615 safety valves were found out of 
order, and among these 51 were. entirely inopera- 
tive, three having been purposely jammed by Sallis. 
Some of Mr. Longridge’s disclosures are not only start- 
ling, but were it not for the authority of a respectable 
engineer, they would be incredible. After reading the 
following passages, the conclusion can hardly be resisted 
that the recklessness which was allowed to jeopardise 
the lives of hundreds of persons in the manner described, 
ought to be directly punishable by law. Mr. Long- 
ridge says :— 
“The overloading of safety valves is a frequent source of com- 
plaint. This is often done in the most reckless manner, totally 
regardless of the safety of the boiler or the attendant’s own life. 
In one instance a boiler 74 ft. diameter, insured to work at a 
pressure not exceeding 30 |b per square inch, was found work- 
ing with one safety valve loaded to 81 lb., and the other to 
84 lb. per square inch. ‘The safety valve of another boiler was 
found weighted to 56 lb. above the pressure stipulated in the 
licy: another, 31 lbs. above the stipulated pressure, by attach- 
ing to the lever, in addition to the proper weight, an old pulley, 
a pipe flange, and another piece of metal, these having been 
made use of to adjust the load on the valve by the pressure 
gauge, which, being inaccurate, indicated 17 lb. less than the 
actual pressure. In another instance where two boilers were 
proposed for insurance, to work at 20 lb, pressure, the inspector 
found the safety valve of one loaded to 401b., with three pieces 
of iron, in addition to the proper weight, and that of the other to 
67 lb., with eight extra pieces of metal, and two hammers. The 
safety valve of another was found on first inspection with seven 
bolts, one railway chair, and three pieces of plate, besides the 
proper weight attached to the lever, and another with five wagon 
wheels upon the lever. One of the most usual motives for over- 
loading valves is to prevent leakage, where the valves are out of 
order, and it is difficult, or 1 may say impossible in some cases, 
to convince the attendant of the danger of this objectionable 
practice, from an erroneous opinion which prevails, that so long 
as any steam is seen escaping from a valve, there can be no 
danger of explosion. A frequent cause of leakage is too broad 
a bearing surface; as an example I may mention one instance 
where the bearing surface of the valve was § in., and owing to 
the surface of the valve or seating, or probably both, not having 
been accurately faced, steam began to blow off at 40 Ib., when 
the actual pressure on the valve according to calculation was 
65 lb. per square inch. The only effectual remedy in such cases 
is to reduce the bearing surface to } or 3; inch.” 

“ Not less than 615 safety valves, as before stated, were found 
out of order, or overloaded; of these 51 were entirely inopera- 
tive, three having been intentionally made fast by wedges, the 
others having become so through neglect of cleaning. In one 
case a piece of india rubber was inserted between the valve and 
the seating, in another, a piece of canvas with white lead, to 
make the valve tight. ‘The worst case, however, brought under 
my notice, was one where the attendant had actually removed 
the safety valve, and the inspector found the boiler at work with- 
out one, the pressure on his arrival being 42 lb. per square inch, 
He immediately called the attention of the owner to the fool- 
hardiness of the attendant, and the risk of explosion, and by 
orders of the former the fires were at once drawn, The regular 
attendant had been absent for two days, on account of illness, 
and his substitute was unable to give any information as to 
when, or why the valve had been removed; but, like many 
others whom I have met with, he seemed to consider the pres- 
sure gauge quite sufficient protection to the boilers, and a safety 
valve unnecessary. At a wey ems visit, the inspector learnt 
that the valve had been taken o - the mechanic, unknown to 
the owner, and a steam pipe attached in its place, for the pur- 
pose of conveying steam for heating purposes to another part of 





iM case of explosion, attended with more disastrous consequences, 


As an example, the following may suffice: the boiler referred to | steam pipe of two other boilers, but a cock intervened, which, 
was 29 ft. long by 8 ft. diameter, made of 3in. plates. On | when closed, as at the inspector’s first visit, shut off all commu- 
making a thorough examination of this boiler, the inspector | nication, and left the boiler totally unprovided with safety valve. 


There can be little doubt, therefore, that but for the timely visit 
of the inspector, an explosion would sooner or later have ensued.’’ 


Among the pressure gauges out of order, one indi- 
cated 45 lb. less than the actual pressure, and the 
inspectors find that the safety valves, instead of their 
weights being adjusted by calculation, are set to blow 
off only when the gauge rises above the intended work- 
ing pressure. No less than 484 pressure gauges in all 
were found to be out of order, and. there were 546 
water gauges also out of order. There were 94 boilers 
which had been injured in consequence of a deficiency 
of water. 

Ten boilers were injured by overheating, in conse- 
quence of the jorsitin. > od within them, of deposit. 
Among these cases, Mr. Longridge has mentioned one 
or two of singular interest, and which we quote in his 
own words : 


“The cases of damage from overheating in consequence of 
accumulation of deposit, have been more numerous than usual 
during the past year. This appears to have been in a great 
measure attributable to the long continued drought during the 
summer and autumn months. The scarcity of water in many 
instances prevented blowing off, and the regular cleaning of the 
boilers, and in some localities where the feed water was drawn 
from tidal rivers, the deposit of salt was so great that the plates 
exposed to the direct action of the fire, became red hot and 
fractured, neeessitating extensive repairs. ‘The greatest damage 
of this kind has, however, resulted from a common practice of 
heating the feed water, by allowing the exhaust steam of high 
pressure engines to enter the cistern or well containing the 
water. Where this system is adopted, the il and tallow used 
for lubricating the cylinders, is introduced with the water into 
the boiler, and combining with the deposit, forms a greasy 
substance, which, settling upon any plate exposed to the 
fire, prevents contact of the water, and induces overheating. 
The evil effects of this method of heating the feed water has 
not, so far as I am aware, been noticed by other engineers. 
shall therefore give the particulars of some of the cases of 
damage resulting from this cause, which have recently come 
under my observation ; and first I shall refer to two boilers 20 ft. 
long by 5 ft. diameter, with two internal furnaces, 2 ft. 10 in. 
diameter, made of 3 Lowmoor plates, with Adamson’s patent 
flanged seams, both material and workmanship being of the best 
ey The boilers were constructed to work at 120 lb. pres- 
sure, but on commencing they were only worked at from 80 lb. 
to 85 lb. per square inch. After being in use a few weeks 
they began to leak at the seams over the fire, and, soon after, 
all the furnaces showed symptoms of collapse. Caulking was 
resorted to, but a few days after leakage regcomccnee | and 
the furnaces gradually Dulged inwards at the sides. The 
owners naturally became alarmed, and one of them called to 
consult me respecting the partial collapse. I'told him that the 
leakage and partial collapse were undoubtedly attributable to 
overheating, and most probably owing to oil or tallow com- 
bining with the deposit trom the -water and settling upon the 
plates. I was assured that this was impossible, as neither oil 
nor tallow were ever put into either of the boilers, and that the 
water, which was drawn from a well upon the premises, was 
perfectly clear. I advised him to have the furnaces restored to 
their original shape, and daily to introduce soda with the 
feed water. The boilers were accordingly repaired, but had re- 
sumed work little more than a week when they gave way a 
second time, one of the plates bulging inwards from 6 in. to7 in., 
and fracturing. 

“ There being now good grounds for alarm, the same gentleman 
called upon me again, bringing with him a small packet of de- 
posit which had been taken out of one of the boilers. It was 
an exceedingly fine powder, of a light colour, with here and 
there small lumps, which, when pressed with the fingers, felt 
easy and soft. Putting.one of these into the fire, it burnt 
ike a piece of tallow, confirming the opinion I had previously 
expressed as to the source of the evil. On further inquiry, I 
ascertained that although the exhaust steam from the engines 
did not in this instance enter or pass over the surface of the 
feed water, as is generally the case, it heated the water by 
sing through a coil of pipes immersed in the cistern contain- 
it, and was thence conveyed through a long range of pipes for 
the purpose of warming the mill; what remainded d 1 
being allowed to escape into the atmosphere. On inquiring 
what became of all the condensed steam, I was informed that 
it flowed back through another pipe to the cistern] from which 
the boilers were supplied. This at once explained the presence 
of grease, since much of the oil and tallow used for lubricating 
the piston and cylinder, escaping with the exhaust steam, 
would thus be conveyed to the boilers, The flues of both 
boilers were so much injured from overheating that it was neces- 
sary to take them out and replace several of the plates, involving 
great expense. 

“Upon my recommendation, the condensed steam was no 
longer allowed to mix with the feed water, and water from a 
canal substituted for that from the well, the latter containing a 
large amount of carbonate of lime, the most detrimental kind of 
deposit in such cases. ‘This having been done, from that time 
to the present, nearly ten months, there has been no further 
trouble with either boiler. 

“ Another boiler which sustained injury from the same cause 
was about two years old, and of the following dimensions, viz., 
18 ft. long by 5 ft. 2 in. diameter, with one internal furnace flue 
2 ft. 84 in. diameter, made of ,7, plates of good average quality. 
It was seated on a midfeather, the flues being so arranged that 
the products of combustion passed first along the left-band 
side towards the front, thence returning by the -right side 
to the chimney. ‘The boiler was worked at 75 1b. to 80 lb. 
pressure to supply steam to a high-pressure engine, the exhaust 
steam from which entered a small cistern containing the feed 








the premises. From this pipe there was a branch to the main 


water, which was thus heated previous to entering the boiler 
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One night, when working as usual, with a pressare of about 
75 lb, per square inch, the attention of the fireman was at- 
tracted by a sound of escaping steam, which appeared to him to 
proceed from some detect in the flue beyond the bridge, but 
could not be seen. Observing by the glass gauge that the 
water was lowering, he went to seek the engineman for advice, 
and finding on his return that no water was visible in the glass, 
he immediately drew the fire and left the boiler til] the morning. 
On the following day, having received a telegram informing me 
that the boiler had exploded, I went to examine it, expecting, on 
account of the high pressure, to find the whole place in ruins, 
I was a bly surprised, however, to find on my arrival that 
neither buildings nor boiler were disturbed, nor was there any 
evidence of an explosion having occurred; for, excepting that 
the engine was not at work, and no workpeople about, all 
appeared to be in the usual order. 

* In a short time the fireman made his appearance, and J in- 
quired what was the cause of the stoppage. He informed me 
there was a fracture on the under side of the boiler, and having 
brought me a candle, I found that on the left-hand side, within 
about 2 ft. of the end of the boiler, a fracture extended diagonally 
through a longitudinal seam, about 5 in, in length in one plate, 
and 6 in, in the other, These plates had evidently been red hot 
over a surface of about 3 square feet area, and were bulged out- 
wards about }in. at the worst part. ‘This overheating could not 
have been attributable to deficiency of water, the flue being un- 
injured. I therefore surmised, that it must have resulted from 
the presence of grease, and on examining the engine, 1 faund the 
arrangement for heating the water as above described. Upon 
the surface of the fractured plates inside was found a thick 
greasy substance, from 4 to if in. thick, somewhat resembling 
pitch, completely charred where in eontact with the plates. 
This substance, which was inflammable, consisted of vil or 
tallow, mixed with a little earthy matter, the deposit from the 
water. 

“ These, and many other examples which I could adduce, 
clearly show the evil effects of admitting oil, grease, or tallow 
into a boiler, more especially if the water contain much carbonate 
of lime. In such cases small round balls of various sizes, com- 
posed of grease and deposit, may generally be found at the bottom 
of the bviler.” 

[f, instead of the labours of a local association, and 
the reports of an engineer having no official position 
under Government, we had had a — Commission, 
and after twelve months’ inquiry an official report oon- 
taining the faets given in Mr, Longridge’s, the subject 
would have been taken up in almost every newspaper 
in the kingdom, it would be discussed in clubs, and at 
public meetings, and at public dinners; and we should 
not hear the last of it until means adequate to the cor- 
rection of such great evils had been provided by 
Government, and enforced by law and public opinion. 
We have had commissions of inquiry into mine acei- 
dents, ventilation, the strength of iron for railway 
structures, the working of railways, &e., aud it eannot, 
we think, be long before the startling facts in Mr. 
Longridge’s report for 1865 will obtain that degree of 
publi¢ attention which will secure due public ynquiry 
and improved legislation. Sir George Grey, in answer 
to Sir Robert Peel, stated in the House of Commons, 
on ‘Tuesday evening, that it was desirable to extend 
the operation of the Metropolis Smoke Prevention Act 
to the whole country. Now, as no one perhaps has 
heen killed by the smoke escaping from chimneys, it 
would be of stall greater consequence to introduce some 
kind of legislation with reference to boiler explosions. 
Upon the general evidence of engineers they appear to 
be nearly, if not quite, preventible, 


THE MONT CENIS RAILWAY, 


A rattway up Ben Ledi, or Snowdon would per- 
haps be considered no more remarkable than that to be 
constructed over Mont Cenis. Wherever there is traflic 
for a railway it is probable that it can be made so 
long as there is hard ground or roek to work upon, 
and we are not certain that engineers and contractors 
might not be found to construct and work a line up 
the Matterhorn, or Chimborazo itself, if there were 
goods or passengers ‘o be conveyed. In the case of 
Mont Cenis, however, something of the interest is lost 
because of the fact that the proposed railway has 
merely ta be laid down along side of a carriage road 
already made and in constant use, Up the steep side 
of the mountain, on the Savoy side, the line rises in 
zigaags, joined by two-chain curves, an ascent of 
about 1700 ft. being overcome in a total distance of 
four miles, although a direct line from the head to the 
foot of the inclines is hardly qne-fourth of this length. 
The laying of the narrow gauge railway (3 ft. 7§ in. 
between the rails) will be a simple matter, and the 
real interest will turn upon the working of the engines, 
designed by Mr, Fell and Mr, Alexander, for gripping 
a mid rail in addition to the ordinary adhesion of the 
driving wheels. This mode of traction has been pro- 
posed fram time to time, during the last thirty-six years, 
and it was carried into practice on two American rail- 
ways, but it had attained no permanent success up to 
the time of the experiments made to fix the construc- 
tion of the Mont Cenis engines. The plan of these 





detail, but it is probable that the principle may be fur- 
ther worked out so as to give still more satisfactory re- 
sults. 

The French and Italian concessions having both 
been obtained some time since, a London company has 
been formed to carry out the work, which is to com- 
plete the last link in the railway communication from 
Calais to Brindisi, a distance of about 1400 miles. 
The Duke of Sutherland is chairman of the company, 
and among the directors are Mr. Brassey, and Sir 
Morton Peto, Mr. Brunlees is the engineer, and it 
is probable that the line will be in working order 
within little more than a year from this time. 








THE MANCHESTER STATION ROOF. 


A rortion of the roof of the London-road Station, 
at Manchester, fell on the 22nd ult., causing the 
deaths of two men, and the injury of nearly thirty 
others, mostly workmen and labourers engaged upon 
the station, still in course of erection. At the 
adjourned inquest, Mr, Brunlees, C.E., of Victoria. 
street, Westminster, and Captain ‘Tyler, R.E., of the 
Board of Trade, made each a report for the guidance of 
the coroner’s jury, which gave a clear insight into the 
cause of the disaster. The roof in course of erection 
was 656 ft, long and 190 ft. wide, divided longitudi- 
nally into two spans of 95 ft. each. The roof itself 
was supported, longitudinally, upon three girders, 
each 6 ft. deep, those on the outside resting upon the 
station walls, while the middle line of girders rested 
upon nine columns, dividing it inta eight bays. Six of 
these bays, towards the west end of the station, 
averaged 77 ft. each, while the two towards the eastern 
end of the station were, each, 88 ft. 4 in. in a span. 
Mr. Brunlees carefully took out the weight of the 
roof, and made a liberal allowance for the vertical 
pressure due to snow and wind, and he found the 
principals to be sufliciently strong. The girders 
already meutioned, and upon which the roof rested, 
were somewhat. overstrained under their full load, but 
there was nothing to show that they failed, as girders, 
from overloading. The defect was clearly in the mode 
of their attachment to the columns. The ends of the 
girders were cast-iron struts. These end pieces had 
to carry but about 3 tons 6 ewt. vertically per square 
inch of section, but, with the deflection of the girders— 
and they did deflect—they would be subjected to 
severe cross strains, which they were never designed 
to withstand. The real souree of weakness was in 
the connexion of the girders with the columns, and we 
may here quote the words of Mr. Brunlees’s report :— 

“The ends of the girder are formed of cast-iron 
* vertical struts, whieh are attached to the top and 
“bottam flanges hy 1} in. bolts passing through the 
“angle irons and the struts. The girder rested ou 
“a projection on the column 3in. wide, and was 
bolted to the column by four 1}in. bolts passing 
* through lugs on the end casting, through the column, 
“and through similar lugs on the end casting of the 
“ girder of the next bay. After the girder was in its 
“place and bolted up, a wrought-iron key was driven 
** m grooves formed for the purpose between the column 
“and the end casting. The ultimate cause of the ac- 
* cident was the fracture of the end castings, which 
“left the girder unsupported except by the small pro- 
“jection on the columa under the bottam flange, which 
“was of no value, inasmuch as the whole vertical 
** pressure is taken at the top of the end castings. Al- 
* though the ultimate cause of the accident is apparent, 
“ we have no actual evidence to show the primary causes, 
“but these may be assumed to be threefold. First, 
* we have a girder with a tendency to deflect to a great 
“extent from the very flat angle at which the diagonal 
“bars are placed, and the small amount of metal in 
“these bars, Second, the girder is weak laterally, and 
“buckling may have caused an undue strain on the end 
“eastings. ‘Third, the high gales immediately pre- 
“eeding the aceident may have bent the girder late- 
“rally, and produced a nipping strain on the castings. 
* In my opinion any one of these causes, or probably 
“all of them combined, acting with the leverage due to 
“half the length of the girder, have produced sueh an 
“undue strain upon the end castings as to cause their 
“fracture. But, whatever may have been the circum- 
“stances which immediately produced the failure of the 
“ girder, it is evident that the introduction of cast iron 
‘was the main defect in its construction, and led to 
“the aeeident.” 

Still, cast irouw has been employed before now, in 
girders and Mr. Brunlees felt it only right to add as 
follows :—“ In conclusion, I think it only fair to state 
“ that although I do not myself approve of the use of 
“cast iron in girders of this kind, that material has 
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* nevertheless been largely and successfully used in 
exhibition and other buildings, but in most cases the 
“ span and depth have been much less than in the 
“ girders we have been considering, and hence the 
“ risk of failure has been much smaller.” Mr. Brun- 
lees then explained from a model that the cause of the 
accident was the fracture of one of the end castings 
or struts, by which the girder was fastened to the 
pillar, and judging by the remains, he said he believed 
that the casting at the east end was the first to give 
way. Another cause would be the tendency of the 
girder to bend or wobble. The only thing ‘that had 

een introduced to prevent that wobbling or buckling 
was the introduction of the vertical struts that ran 
from the top of the bottom flanges. He considered 
that the sind was too narrow in its cross section, for 
its length, to prevent lateral deflection. The action of 
the wind would have the effect of causing the girder 
to buckle. When the top flange got displaced from 
the casting adjoining the end strut, the bottom flange 
would give way. In addition to causing a buckling of 
the girder, the wind might so act upon it as to cause 
the angle irons under the top flange to nip or break 
that casting into two, 

Captain Tyler’s report quite bore out that of Mr. 
Brunlees, although it was not of the same analytical 
character, Yet it brought out the fact that nearly a 
fortnight before the fall of the roof, the girders had al- 
ready deflected from 23in., to 44in. Enough, one 
would suppose, to bring upon the cast iron end struts, 
a cross strain sufficient to fracture them, A rumour, 
for it was nothing more, was embodied in Captain 
Tyler’s report, that the Messrs. Rankins, the con- 
tractors, had called the attention of Mr. Murgatroyd 
the architect, to the insufficient fastening of the girders 
tothe columns. One of Messrs. Rankin’s foremen had 
called his masters’ attention to the weakness of the end 
castings of the girders, hut nothing came of the sug- 
gestion. Professor Airy informed Captain Tyler that 
the force of the wind registered at Greenwich Ob- 
servatory, a few days before the accident, amounted to 
33} lb. per square foot, or nearly 4 oz, per square inch. 
It was very reasonable to suppose that the ‘Selaciions 
of the girders, conformed wah the force of the wind, 
caused the cast-iron connexions of the girders with the 
columns to break away, and it was, indeed, proved that 
the girders, carried by the roof, had shifted, early in 
January, under the force of the wind, : 

The conclusion of the inquiry, resulting in a verdict 
of “accidental death,” was that the girders broke 
away from their cast-iron fastenings. Had these been 
of wrought iron, the girders might have worked out of 
shape, but they could hardly have broken short off as 
they did. Such a warning should operate as a caution 
to engineers, not to introduce cast iron into wrought- 
iron girders, and especially to guard fully against 
maximum strains. It is as well to bear in mind that 
we live in an age of publie confidence and forbearance. 
In former periods of history, the designer of a work of 
construction, which fell by its own sheer weakness, 
would not have escaped so easily. 








Tux Inatirution or Nava Arcurrectrs.—The Seventh 
Annual Meeting of the Institution of Naval Architects will 
take place on Thursday, Friday, and Saturday, the 22nd, 28rd, 
and 24th of March next, at the hall of the Society of Arts, 
John-street, —_— London; morning meetings at 12, and 
evening ditto at 7. Papers on the Principles of Naval Con- 
struction; on Practical Shipbuilding; on Steam Navigation; on 
the Equipment and Management ef Ships for Merchandise and 
for War, will be read at this meeting. Naval architects, ship- 
builders, naval officers of the Royal and merchant services, and 
Engineers who propase to read papers before the Institution, 
are requested to send immediate notice of the subject and title 
of the paper to the secretary; and it is requested that the 
paper itself with illustrative drawings, be deposited at the offices 
of the institution, on or before the Ist of March next. Candi- 
dates for admission as members, or as associates, must send in 
their eee on or before the Ist of March next. The an- 
nual subscription of 2/ 2s. is payable cn admission, and becomes 
due at the commencement of each succeeding year. Volume 
VI. of the Transactions is now complete, and its delivery to the 
members and associates will take place immediately. 

CanNEL CoA 1N AustraLia.—The Melbourne correspon- 
dent of the Times says:—‘ Immense deposits of a kind of 
substance resembling cannel coal have been found at Hartley 
and Wollongong, in New South Wales, yielding 147 gallons of 
oil to the ton. A company has been formed for the manu- 
facture and sale of the oil, which we are told will, by rea- 
son of the proximity of the Hartley deposits to the Sydney 
market, affurd a good profit at a price less than that 
of the imported American article, I have had some fine 
specimens of the substance sent to me, and on exposillg 
it to flame it-instantly kindles, and continues to bum 
with a clear, bright flame, which at once shows its excessively 
oleaginous character. Wollongong is already lighted with this 
oil, and if another Petrolea should arise in the territory of our 
neighbours you will be sure to hear of it. Beyond question the 
New South Wales discoveries are a most important addition 
the curiously various resources of this great south land.” 
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EXPRESS ENGINES. 

Most of our principal railway companies have now 
fixed upon a standard class of engines for working their 
fast passenger traffic. Thus the London and North- 
Western, and the Great Eastern Companies, use out- 
side cylinder single engines, with wheels respectively 
7 ft. 7} in,, and 7 ft. 1 in. in diameter; and the London 
and South-Western Company, outside cylinder coupled 
engines with 7 ft. wheels, On the Great Northern and 
South-Eastern, inside cylinder single engines are em- 
jloyed, the diameter of the driving wheels being, we 

lieve, in both cases, 7 ft. The Caledonian atew 
Company employ outside cylinder single engines, with 
wheels § ft. 2 in. in diameter. 

The London and North-Western express engines are 
of the same class as the engine “ lads of the Lake,” 
shown in the International Exhibition of 1862. Their 
leading and trailing wheels are 3 ft. 7}in. in diameter, 
and the driving wheels are, as we have already stated, 
7 ft, 74 in. in diameter, the cylinders bei 6 in. in 
diameter, with a stroke of 24in., and 6 ft. 
apart from centre to centre, The boilers are made 
with “flush” fireboxes, the firebox casings being 
4ft. lin. wide, and 4ft. 9in. long. The barrels of the 
boilers are 10 ft. 6 in. long, the diameter varying from 
4ft. Ofin. at the firebox end, to 3 ft. 103m. at the 
smokebox end ; oa contain 192 tubes, 1gin. in 
diameter outside. e heating surface of the firebox 
amounts to 85 square feet, and that of the tubes to 
1013 square feet, the firegrate area being 14.95 square 
feet. “The wheel base is 15 ft. 5 in, the distance be- 
tween the leading and driving wheels being 7 ft. 7 in., 
and that between driving and trailing wheels, 7 ft. 10 in. 
The engines have single frames, and consequently 
inside hearings only on all the axles, The frames are 
lin. thick, and 11 in. deep for the main portion of their 
length. They are placed at a distance of 4 ft. 2in. 
apart, and the hornplates are made in one piece with 
them. The link motion is of the ordinary shifting link 
kind, with screw reversing gear, and the boilers are fed 
by two of Giffard’s injectors. The coal burning ar- 
rangement is that generally used by Mr. Ramsbottom, 
and already described at page 70 of this journal. The 
weight of the engines in working order is 27 tons, of 
which 9 tons 8 ewt. are on the leading, 11 tons 10 ewt. 
on the driving, and 6 tons 2 ewt. on the trailing wheels. 
The tenders are fitted with Mr. Ramsbottom’s arrange- 
ment for picking up the supply of water while run- 
ning. 

The express engines used on the Great Eastern 
Railway, and which were designed by Mr. Sin- 
clair, have driving wheels 7 ft. 1 in. and leading 
and trailing wheels 3 ft. 7in. in diameter. The dis- 
tance from centre of leading to centre of driving 
wheels is 7 ft. and that from the centre of the driving 
wheels to that of the trailing wheels 8 ft., making the 
total wheel base 15 ft. The boilers are 4 ft. in diameter 
outside and 11 ft. 9im. long from the firebox to the 
front tubeplate, the firebox casings being 5 ft. 2 in. 
long, and raised 5} in. above the barrels of the boilers. 
The boilers contain 190 tubes 14 in. diameter outside, 
and 12 ft. 04in. long between tubeplates. The heating 
surface of the firebox is 82.3 square feet, and that of 
the tubes (internal) 969 square feet. The firegrate is 
inclined 11 in, in its length and the depth of the ash- 
pan is reduced at the trailing end so that the trailing 
axle can be placed underneath it. The cylinders are 
l6in. in diameter with a stroke of 24in. and are 
placed at the angle of 2 in 16, the distance apart from 
centre to centre being 6 ft. The engines have double 
frames, the leading axles being furnished with both 
outside and inside bearings. ‘The trailing axles are 
also made with double bearings so that the wheels can 

e changed with the leading wheels, but axle boxes are 
fitted to the outside bearings only. The driving 
Wheels have of course inside bearings only. The in- 
side frames are 10 in. deep between the hornplates, 
and 14 in. thiek ; the outside frames are 8 in. deep for 
pe a portion of their length, in. thick where 
thet orm the leading and trailing hornplates, and in. 
. be part which is opposite the driving wheels. 
with rv tes are in all cases formed in one piece 

rames. The inside frames are 4 ft. 1} in. 

rape. and the outside frames 6 ft. 10 in, from outside 
ki r ge The valve motion is of the stationary link 
fitted “a ae reversing gear. The engines are 
peenthed anergy s smoke-burning arrangement, 
ie m the article on “Coal Burning im Loco- 
‘i Ves, on page 70 of this journal, to which we have 
ag referre . The axles, tyres, crank pins, piston 
od spindles, and guide bars are all of Krupp’s 
of ths = axle-box guides are of cast steel also, those 
riving axle boxes being furnished with adjust- 





ing wedges. The engines are fitted with two of Gif- 
ford’s No. 8 injectors, no pumps being used. 

These engines weigh in working trim 30 tons, this 
weight being distributed upon the various wheels as 
follows; leading 10 tons, driving 114 tons, trailing 
84 tons. The tenders of the engines now running have 
wooden frames, but some similar engines in course of 
construction will have iron-framed tenders. The tenders, 
which weigh about 13 tons when empty, can carry 24 
tons of coal or 3 tons if it is heaped up, and the tanks 
hold nearly 1800 gallons of water. 

The express engines employed by Mr. Connor on the 
Caledonian Railway have cylinders 17} in. in diameter 
with a stroke of 24 in.; they are placed horizontally at 
a distance apart of 6 ft. 2m. from centre to centre. 
The leading and trailing wheels are 3 ft. 8 in., and the 
driving wheels 8 ft. 2 in. in diameter. The engines 
have double frames, the inside frames being 1} in. thick, 
and 12 in. deep, except where they are deepened to 
form the driving hornplates, and at the iealien end 
where the oylindane are attached. The wheel base is 
15 ft. 8 in., the distance between the centres of the 
leading and driving wheels being 7 ft. 2 in., and that 
between the drivmg and trailing wheels 8 ft. 6 in. 
The driving axle has of course bearings on the inside 
frame ; the leading and trailing axles have outside bear- 
ings only, 

The boilers are made with firebox casings raised 
6} in. above the barrels; the length of the firebox 
casings being 4ft. 8in., the width 4 ft., and the 
4ft. 7in. below centre line of boiler, The er 
barrels are 3 ft. 10 in. in diameter inside, and 11 ft. 
Sin. long from the inside of the smokebox tubeplate 
to the front of the firebox casing. They contain 192 
tubes 13 in. diameter outside, the external tube heating 
surface bemg 1094 square feet, and the firebox surface 
96 square feet. The boilers are fed by one injector 
and one pump, the latter being worked by one of the 
back gear eccentrics. The engines are fitted with 
“ stationary” link-motion, and the boilers are recessed 
to clear the eccentrics so as to reduce the height of the 
boiler above the rail level. The weight of these 
engines in working order is 30 tons 13 ewt., and of 
this weight 14 tons 11 ewt. rest upon the driving 
wheels, 

These engines, like those on the Great Eastern Rail- 
way, which we last described, are used for working 
both express and stopping trains. They have frequent] 
taken a train of fourteen carriages up the Beattoc 
incline, which rises 1 in 84 for four miles, and 1 in 75 
for six miles, in 20 minutes, or at the rate of 30 miles 

er hour. One of these engines was exhibited at the 
uternational Exhibition of 1862. 

We must now give a few particulars of some of the 
coupled engines which are in regular use for working 
fast traffic. Some of Mr. Beattie’s engines on the 
South-Western Railway, to which we have already 
alluded, have four coupled wheels 7 ft. in diameter, the 
leading wheels being 4 ft. in diameter. The wheel 
base is 14 ft. 3 in., the centres of the coupled wheels 
heing 8 ft., and those of the leading and driving wheels 
6 ft. 3in. apart. The cylinders, which are outside, are 
17 in. in diameter, with a 22in. stroke. The boilers 
are specially constructed for coal burning, according 
to Mr, Beattie’s patent. The firebox is divided into 
two by an inclined transverse water space or mid 
feather which slopes backwards and upwards for about 
two-thirds of the height of the firebox, and is nearl 
met by another transverse water space which descends 
from the crown of the hox: both water spaces have 
tubes through them. Firebrick arches are also plaeed 
across the en, one just under the tubes and ano- 
ther reaching from the top of the sloping midfeather to 
the back of the firebox. Whe fire is supplied with fuel 
through two firedoors, one above and one below the 
brick arch last mentioned, the upper one being used 
for feeding the grate in front of the sloping water space, 
and the under one for feeding the grate behind it. 

From the firebox the flame is led through a number 
of tubes, about 7 in. long, into a combustion chamber, 
about 4 ft. 7 in. in length, formed within the barrel of 
the boiler. This chamber has a vertical midfeather 
ene Ng through it longitudinally for a portion of its 
ength, and from it, tubes lead to the smokebox in the 
ordmary manner. The firebox easing is 5 ft. 6in. 
long, 4 ft. wide, and is raised above the barrel of the 
boiler, this latter being 10 ft. long, and 4 ft. in diameter. 
The engines have single frames only, but the leading 
axles are provided with both inside and outside bear- 
ings, the springs connected with the axle boxes of the 
latter being attached to the lower guide bars, which are 
made in the form of a deep angle iron, in order to bear 
the strain. The boilers are fed by long stroke pumps, 
worked from the crossheads, and a donkey pump is 


also fixed u the footplate, the feed water being 
heated by Mr. Beattie’s patented arrangement. The 
engines are fitted with Allan’s straight link motion. 

Sune passenger engines with large coupled wheels 
are also in use on the Stockton and Darlington Railway. 
These engines, which are fitted with bogies, have two 
pairs of coupled wheels, 7 ft, 0} in. in diameter, and 
two pairs of pe ed oe wheels, 3 ft. 6 in. in diameter, 
the coupled wheels being 7 ft. 5in., and the bogie 
wheels 6 ft. ] in, apart from eentre to centre. The 
distance from the centre of the driving wheels to the 
centre of the bogie pin is 9 ft. 62 im., and as this pin 
is midway between the two pairs of leading wheels, the 
total wheel base is 20 ft. 0} in. 

The cylinders are 16 in. in diameter with a stroke of 
24 in., and they are fixed horizontally at a distance of 
6 ft. 1 in, apart from centre to centre. The boilers 
are made with “ flush” fireboxes; the barrels are 
4 ft. in diameter, and 10 ft. 2 in. long, and the fire- 
box casings 4 ft. 11 in. long and & ft. 04 in. deep 
below the centre line of the boiler, The engines have 
double frames, but hornplates are formed on the inside 
frames only, the outside frames merely carrying the 
footplate and stiffening the engines. The inside 
frames are 12 in. deep, except where the cylinders and 
buffer beams are attached, and where they are deepened 
to form the hornplates for the cou wheels, and 
they are we believe 1 in. thick; they are — at a 
distance of 4 ft. 2 in. The outside frames are 
6 in, and about 4 in. thick; the width outside 
them is 8 ft. The bogie frame plates are 12 in. deep, 
except where they form the leading hornplates, and are 

laced at a distance apart of 3 ft. 4in., the leading axle 

x guides being bolted to the outside of them. They 
are connected by three transverse plates, and also by 
er plates carrying the socket upon which the 

of the bogie pi . The guides of the driving 
and trailing axle | he are fitted with adjusting wedges. 
The link motion is of the shifting link kind, and the 
driving axle is fitted with two independent eccentrics 
for working the pumps by which the boiler is fed. 
The sand boxes are self-acting, the pipes being fitted 
with valves worked from the footplate. The engines 
are fitted with a tank and a heavy cast-iron weight 
under the footplate at the trailing end in order to 
equalise the weight. ¥ 

We have now given our readers a few particulars of 
the principal outside cylinder express engines now in use 
on our English lines ; on some future oceasion we shall 

ive a similar account of the inside cylinder engines. 

he construction of coupled engines with wheels of 
large diameter, and consequently adapted for working 
fast traffic, is now becomin: very general. Inaddition 
to the examples we have already given, we may men- 
tion the engines with 6 ft. eoupled wheels, 17 in. 
cylinders, and 24in, stroke, which were designed by 
Mr. Sinclair, and are now used on the Great Eastern 
Railway for working both fast passenger and general 
goods trains. These engines are quite capable of 
working any express traffic, although it is doubtful 
whether they or any other coupled engines work so 
easily at high ts 8 as single engines with the same 
sized wheel. Large-wheeled coupled engines are, how- 
ever, well adapted for working the fast excursion trains 
now run on most lines, the adhesion required in such 
cases being generally more than can be obtained in a 
single engine without placing an excessive load upon 
one pair of wheels. 








THE ENGINES OF THE AGINCOURT. 


Tue engines which form the subject of the present notice, are 
those eonstructed by Messrs. Mandslay, Sons and Field, for 
H.M.S. Agincourt. “They are of the horizontal cylinder, return 
connecting-rod class; the eylinders being arranged on one side of 
the keel, with the condensers and air pumps opposite to them. 
In our illustrations, which were prepared from drawings kindly 
lent by Messrs. Maudslay and Field, Fig. 1 is a section across 
the vessel through one of the cylinders, Fig, 2 a half plan of the 
engines, and Fig. 3 a section taken partly through a condenser and 
air pump, and partly through a cylinder and steam chest, whilst 
Figs. 4 and 5, show respectively the arrangements of the expan- 
sion gear and link motion. Fig. 6 shows the mode of tightening 
up the gland nuts, ‘ 

The cylinders are 8 ft. 5 in. in diameter, and accommodate a 
stroke of 4 ft. 6in. They are not jacketted, but the back covers 
are made double, as shown in Fig. 1, so as to check radiation 
The front end of each cylinder is cast in one with the cylinder, a 
manhole 3 ft. 4 in. in diameter being formed in the centre. The 
back cover is furnished with two manholes, each 1 ft. 8 in, in 
diameter, placed one opposite each piston rod. The piston —_ 
ing consists of cast-iron rings with steel springs at the back. | 

The two piston rods of each cylinder are placed 5 ft, 9 in. 
apart from centre to eentre, the centre of one being 1 ft. 34 in. 
above, and the other the same distance below the centre line of 
the cylinder. The rods are 9 in, in diameter for a length of about 
6 ft.8 in. from the piston, and are then reduced to 8} in. in 
diameter for the remainder of their length. Each rod is formed 





with a collar 11 in. in diameter and 4in. thick, recessed into the 
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front of the piston, and from this collar the diameter of 9 in. is 
continued. The rods are secured by nuts at the back of the 
piston, a key being let into the rod where it passes through the 
piston to prevent it from turning round. The piston rods are 
also secured to the crossheads by nuts at their extremities. 

The form of the crossheads is shown by the sections Figs. 1 
and 8. The guides are in the shape of a dovetail groove as 
shown in Fig. 3, the pressure caused by the angularity of the 
connecting rod being in a downward direction when the en- 
gines are moving a-head. The crosshead is made with a liner 
on the underside, which can be readily removed and packed to 
take up the looseness caused by wear. ‘The slides are 1 ft. 6in. 
wide and the crosshead block is 3 ft. 6 in. long, giving a bearing 
surface of 756 square inches to resist downward thrust. The 
surface for receiving the upward pressure when the engines are 
moving astern only amounts to half this quantity or 378 square 
inches. 

The connecting rods are of round section, 10 in, diameter and 
11 ft. Sin. long from centre to centre, or five times the length of 
the crank. The bearings at the crosshead end are 1 ft. 5in. in 
diameter and the same in length, and those on the crank shaft 
are 1 ft. 8in. in diameter, and 1 ft. 7} in. long. The connect- 
ing rod is made with the ordinary bolted caps at each end as 
shown in Fig. 1. 

The main body of the crank shaft is 1 ft. 8in. in diameter 
and the cranks are 9 ft. 8 in. apart from centre to centre. The 
shaft has four bearings, the after and two central bearings 
being 1ft. 8in. in diameter, and made without end collars, 
whilst the forward bearing is 1 ft. 5in. in diameter. The for- 
ward and after bearings are each 2 ft. 9 in. and the central bear- 
ings each 1 ft. Zin. long. The caps are furnished with separate 
chambers and passages for supplying oil or water to the bear- 
ings. ‘The general arrangement of the bearings with the engine 
frame is shown by Figs. 1 and 2. On the after end of the 
crank shaft, outside the engine frame, is fixed a worm wheel, 
8 ft. 6 in. in diameter over pitch circle, and furnished with a re- 
movable worm on each side for turning the engine round by hand. 

The air pumps and condensers are, as we have already stated, 
opposite the cylinders. The section through them given on 
the left-hand side of Fig. 3 shows their general arrangement, 
together with the position of the air-pump valves, these latter 
being of india rubber. The air pumps, which are double 
acting, are 2ft. 8in. in diameter, and are lined with gun 
metal, They are each worked by a rod, 5 in. in diameter, 
attached to the opposite piston at a point 2 ft. 4 in. below the 
horizontal, and 2 ft 7 in. outside the vertical centre line of the 
cylinder. The rod is made in two pieces, each cottered into 
a coupling —_ about the middle of itslength. The injection 
water is led into the condenser through a slotted pipe ranning 
nearly the whole length of each condenser near the top. This 
pipe is about 9in. in diameter for part of its length, and 7 in. 
diameter for the remainder; its position, and that of the injec- 
tion valve is shown by the plan, Fig. 2. The bilge and feed 
pumps are also shown on the plan. ‘They are worked from the 
crosshead, the plungers, which are 8} in. in diameter, being 
connected to brackets attached to ‘the arths of the cross- 
head, above the upper and below the lower piston rod of each 








cylinder. The valves are arranged in chambers at the outer 
ends of the pump barrels, so as to be easily accessible. 

We must now describe the valve gear. This consists of the 
ordinary link-motion for working the slide valves, together with 
a train of spur gearing working separate rotary expansion valves. 
The link motion is of the shifting link kind, each pair of eccen- 
trics being fixed on the crank shaft outside the engine frames: 
its arrangement is shown by Fig. 5. The eccentrics have a 
throw of 5 in., and the eccentric rods, which are about 4 ft. 10 in. 
long, are attached to the link at points 2ft. 3 in. apart, and 
llin. from the centre line of the slot. The lifting links are 
attached to the expansion links at the middle of their length, 
and their lower ends are connected with lifting levers carrying 
the balance weight, as shown by Fig. 5. To the ends of these 
lifting arms are coupled links screwed at their upper ends, and 
passing through nuts carried by brackets attached to the steam 
chests. These nuts are fitted with bevel wheels, gearing into 
other bevel wheels fixed on shafts extending diagonally across 
the engines to the foot-plate, and furnished with hand wheels at 
their extremities. This arrangement of reversing gear will be 
understood by reference to Figs. 2 and 5, the gear for each 
engine being independent. The lifting links are made with long 
holes at their lower ends, so that when the engines are in full 
gear forward, the expansion links rest upon the top of the sliding 
blocks. The expansion links are 5 in. thick, and the sliding 
blocks, which have bearing surfaces about 105 in. long, are 
carried by pins projecting from a cross bar connecting the two 
valve spindles with which each slide valve is furnished. The 
slide valves are of the double ported class, and cover ports 
7 ft. 3 in. long. They are relieved from the pressure of the 
steam by means of circular projections formed on the back of 
them, and furnished with packing rings working against a face 
formed on the steam chest cover. The spaces enclosed by these 
packing rings are connected with the condensers by means of 
holes formed in the valves, and communicating with the exhaust 
passages. The arrangement is shown by the right-hand portion 
of the section Fig. 3. 

The expansion valves are rotary, and are contained in double 
cylindrical casings fixed one above each steam chest, A section 
through one of them is given on the left-hand side of Fig. 3. 
The steam pipes are connected with the ends of these casings 
nearest the side of the vessel, and the steam is led into the centre 
of each valve and passes out through four ports into the space 
between the inner and outer casings, from which space it flows 
into the steam chest through the passages shown by Fig.3. The 
expansion valves, which fit easily into the inner cylindrical 
casings, are carried by central spindles passing through stuffing 
boxes and guides at one end of the casings, and furnished at 
their extremities with bevel wheels. The bevel wheels gear 
into others, of half their diameter, fixed upon shafts which 
slope downwards towards the centre of the engines in the 
direction shown by the single line in Fig. 3. The lower end of 
each of these shafts carries another bevel wheel gearing into a 
bevel wheel of equal size, fixed upon a shaft running paraliel 
with the centre lines of the cylinders, and driven by means of a 
bevel wheel at its other end gearing into a similar bevel wheel 
connected with the train of three spur wheels shown in Fig. 4, 











the lowest being fixed upon the crank shaft. These spur wheels 
are of equal diameter, and as all the pairs of bevel wheels are 
also of equal size, except the pairs which are at the end of the ex- 
pausion valve spindles, and which are in the proportion of 1 to 2, 
each expansion valve makes one revolution, and thus opens and 
closes the four ports four times during every two revolutions 
of the crank shaft. 

If no means of adjustment were provided, the expansion 
valves, driven in the manner just described, would always cut off 
the steam at the same points in the revolution of the crank shaft, 
the position of these pomts depending upon the relation which the 
position of the expansion valve upon its spindle bore to the 

sition of the cranks. Jn the engines of the Agincourt the ad- 
Justment of the valves, so that the points of cut-off can be varied, 
ls effected in the following manner. Each of the shafts which 
transmit the motion of the engines from the spur gearing to the 
inclined shafts leading to the expansion valve spindles, is formed 
in two parts united by the coupling arrangement shown at the 
upper part of Fig. 4. 

The coupling consists of a long coupling box sliding over the 
junction of the two parts of which each shaft is composed, and 
furnished with spiral grooves cut through it. Around esch 
coupling box is placed a ring which revolves in bearings carried 
by a sliding rest and is furnished with projections passing 
through the grooves in the coupling box and connected with a 
groove found in that portion of the shaft which is connected 
with the spur gearing. ‘The coupling box revolves with this 
portion of the shaft, being driven by means of the spiral grooves, 
and it can aiso be made to rotate upon the shaft by shifting the 
sliding ring backwards or forwards along the line of the shaft. 
This traverse of the ring can be given by means of the screw 
and small hand wheel shown on Fig. 4. The motion of the 
part of each shaft which is connected with the spur gearing 1s 
communicated to the other portion by means of a clutch sliding 
on this second portion and taking hold of a pin inserted ina 
dise at theend of the coupling box already mentioned. By these 
clutches either expansion valve can be thrown out of gear when 
required. The points at which the steam is cut off by the ex- 
pansion valve are varied by traversing the sliding ring along the 
coupling box and thus, in the manner already described, rota- 
ting the coupling box on the shaft and through the clutch 
altering the position which the expansion valve occupies in rela- 
tion to the crank. 

The arrangement used for tightening up the nuts of the 
principal glands, which is an excellent one, is shown by Fig. 6. 
A short shaft carried in bearings fixed to the gland, has upon It 
two worms, taking into the worm wheels with which the nuts 
are furnished. The nuts are tightened up by means of a key 
fitting on a square formed at the end of the short shaft. 

The engines of the Agincourt are nominally of 1350 horse 
power, but on the occasion of their trial, they worked up to a” 
indicated power of 6867 horses; probably the greatest Powe 
ever exerted by one pair of cylinders. When working with hai 
boiler power, the indicated power was 4426 horse power. = 
highest speed at which the engines were worked during “a 
trials, was 61} revolutions per minute, giving a piston speed 
5534 ft. per minute. 
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H.M. STEAM FRIGATE AGINCOURT. 


Iy connexion with the engines of the Agincourt, we are able 
to give illustrations of the manner in which the stern-frames of 
this class of ship, for receiving the screw propeller, are formed. 
Fig. 1 is a side elevation; Fig. 2, a transverse view of the after 
or rudder post; Fig. 3, a view of the foremost post, through 
which the screw shaft passes; and Fig. 4, a plan view of the 
lower or keel piece. These figures show how the connexions of 
the various partsare made. ‘The after post (Fig. 2), is connected 
to the keel piece by a dove-tail, and by thirteen through bolts, 
and the foremost post (Fig. 3), to the same piece by a Y-scarph, 
carefully welded. ‘The heads of the two posts are connected b 
a connecting ye formed with a hook-scarph at either end, 
through-bolted. The whole weighs about 42 tous. The weld 
of the foremost post to the keel piece was made in the forge by 
means of the Hercules, as usual, in the eases of the Agincourt and 
Minotaur; but in the case of the Northumoerland, building at 
the Millwali Company’s, this was effected with the parts in place at 
the ship, in the manner shown in Figs.5 and 6. The posts were 
first forged roughly to size, then reduced under the planing 
machine to their proper dimensions and form, as given by the 
mould from the mould loft. The boss of the foremost post (or 
“body post”), was forged solid, the hole for the shaft drilled out, 
and the lower end Yd, as it is technically termed. The weld 
was then effected in the following manner. ‘Ihe keel piece, with 
the stump of the body post forged on to it, and Y'd correspond- 
ingly, was first placed in its proper position upon the blocks on 
which the ship was being built. The body post was next hoisted 
into its place, the y’d parts being brought together, as shown in 
Figs. 5 and 6. Two sinall coke furnaces were then built, one on 
each side of the stern post, with a blast leading to them, and 
coke fires were made. When a good welding heat was obtained, 
the upper piece, or body post, was pressed heavily down by two 
Screw rods and chains, in addition to its own weight, while in the 
fire, until it had contracted about 3 inches in length. The 
crowns of the furnaces were then suddenly removed, and two 
monkeys or iron battering rams, one on each side, were worked 
upon the heated part until it was welded. The crowns of the 
furnaces were then rebuilt, and another welding heat obtained, 
when the operation of beating the welded part with the batter- 
ing rams was repeated, care being taken at this beat to get the 
Stern post to the proper length, it having been ascertained after 
the first heating how much it would contract in cooling 
hetween the centre of the boss and the keel piece. On the com- 
pletion of the welding, the surplus iron was chipped off, and the 

post made fair (see dotted lines in Fig. 3). 
; This somewhat singular operation was carried out very 
satisfactorily in the case of the Northumberland, but we do not 
see that the plan of welding the V-scarph in place, presents any 
considerable advantage. The stern frames of ull these ships are, 
lowever, very fine specimens of large class forgings. 

Jn a future occasion we propose to explain the manner in 
Which these enormous masses of metal (which are not only so 
weighty of themselves, but have to withstand the strains put 
upon them by screw propellers, 24 ft. in diameter, driven by 
engines developing from 6000 to 7000 indicated horse power, 
and of rudders 26 ft. deep beneath the water) are connected 
with the genera] plating and framing of the ship’s hull. 
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West Hartiepoot Suiesui.pinG.—Iron shipbuilding at 
West Hartlepool is on the increase. At Messrs. Pile, Spence, 
and Co.'s (limited), the keels of two very large screw steamers 
have just been laid down for the West Indian and Pacific Navi- 
gation Company. One of them is to be 300 ft. long, and about 
4000 tons burthen; and the other, 325 ft. long, and 4,300 tons 
burthen. No less than 14,000 tons of shipping were produced by 
this firm — Jast year. They have recently completed con- 
tracts for the building of four other large vessels, which will 


The! splendid new steamer Carribbean, double engined to 200 
horse power, by Hawthorne, 1853 tons register, and built by the 
same firm, left West Hartlepool port last week to be added tu the 
fleet of the West India and Pacific Steam Ship Company. 
Messrs. J. H. Pile and Co. are fitting up and altering a successful 
American blockade runner, the Vulture, of Nassau. She is a 
paddle steamer, and was capable of going at the rate of 18 knots 
per hour. She is intended for the cattle trade, and is having a 
spar-deck from stem to stern put in her. The ironworks of the 
district continue fully employed. 

Heavy Forornes.—Mr. Clay, of the Mersey 
pany, has patented the application of Siemens’ furnaces to 
puddling and for heating iron for heavy forgings. We are 
unable, however, to see the special novelty of the application, 
nor anything, indeed, not already covered by Mr. Siemens’ 
patents. 

Sreet Tyres.—Mr. Allen, of the Bessemer Steel Works, 
Carlisle-street, Sheffield, has for some time practised an improved 
mode of making Bessemer steel tyres, without weld. An “ingot” 
being cast in the form of a ring (although we can hardly call a 
ring an ingot), this is supported upon a projection on the inclined 
side of the anvil block, and hammered so that the cross section 
of the ring, instead of being of rectangular section, shall be 
thicker on the side corresponding tothe flange. The tyre is then 
rolled with comparative ease to the intended section and diameter. 
Tyres thus made are now in extensive use, and are found to pos- 
sess extraordinary strength and durability. 

» Spanish Rartways.—The Spanish railways have for the 
most part endured grievous losses during the last season. The 
line of Saragossa and Alicante, though it has extended from 
1163 to 1252 kilometres, has suffered a diminution in its 
receipts of about 60,0007. That of Seville and Xeres a falling off 
of 20,0002.; the Great Northern line, from Madrid to Irun, the 
receipts of which were 681,778/. in 1864, has experienced a 
trifling rise in 1865, realizmg 688,532, far inferior to the 
increase it had exhibited in previous years. The Catalonian 
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have the effect of making this company’s works exceedingly busy. b 





lines, however, show somewhat more cheering results. 

















































































Tue TrepEGAR Ironworks.—A suit was brought, last 
week, by two of the partners, in the company owning the 
Tredegar Ironworks, against the remaining two partners, to 
restrain them from selling their shares otherwise than to the 
plaintiffs. It appears that the Tredegar Ironworks were owned by 
Messrs. Samuel and Watkin Homfray, Rowland Fothergill and 
W. H. Forman. The capital of the company is divided into 
24 shares, of which four were held by each of the Messrs. 
Homfray, five and a half by Mr. Fothergill, and ten and a half 
y Mr. Forman, The shares represented 16,3751. each, or 
393,000/. in all. An agreement existed whereby any partner 
wishing to dispose of his shares was bound to first offer them 
to his partners at the price above named, and only upon their 
declining to take them, could he offer them elsewhere. Mr. 
Forman had offered his shares to his partners but they had 
collectively declined them. Upon a further clause in the 
agreement, requiring that the shares, before being offered 
publicly for sale, should be offered to the other partners in- 
dividually, Messrs. Homfrays have now obtained an order whereby 
they will acquire Mr. Forman’s shares on payment of the agreed 
price with interest. 

HeatineG Stoves ror Biast Furnacrs.—The late Mr. 
Neilson, when he first introduced the hot blast, commenced with 
a temperature of 300°. This was afterwards increased to 600°, 
at which the hot blast was long maintained. More recently 
temperatures of from 700° to 1200° have been tried. For very 
high blast temperatures the cast-iron heating stoves are.soon 
burnt out, as is the case for the high temperatures required in 
gas retorts. Mr. a Cliff, of Wortley, near’ Leeds, has, 
therefore, lately patented the application of clay pipes for heat- 
ing stoves. Clay retorts in gasworks will last for years when 
kept at a bright orange heat, and it-is reasonable to og 
that clay blast pipes will prove correspondingly durable, Mr. Cliff 
is well known as a large maker of fire-clay goods. 

Crosse. D GuipKs.—Messrs. Chaplin employ for their con- 
tractors’ eng, es, and for the engines of their steam cranes a 
very simple form of crosshead guide. ‘The guide bars are cast 
in one piece, with the front cylinder cover, and are finished by 
boring them out with a cutter fixed to a boring bar passing 
through the piston-rod stufling-box, and the ring by which the 
outer ends of the guide bars are connected, The surfaces of the 
bars thus made sufficiently hollow to retain the crosshead in its 
place. Guide bars should always be furnished with good means 
of lubrication, and the ends of the crosshead blocks should be 
rounded off with a very small radius, so that they may not scrape 
the oil from the bars as they work to and fro. 
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STEAM ENGINE CONSTRUCTION, 


No one doubts the exact sciences, and there are 
many who prefer to believe that the science of steam 
engineering is as thoroughly established as that of 
mathematics. On the other hand are those, who, know- 
ing little of steam but having large faith, are always 
declaiming that “steam is in its infancy.” Now our 
knowledge of steam is, no doubt, gradually increasing, 
and yet we say this rather as a willing concession to 
the labours of so many painstaking philosophers who 
are constantly seeking to improve our knowledge, 
than from any conspicuous discovery, or ascertained 
truth, which has attended their later labours. It may 
be that we have had established only lately the first and 
the second law of thermodynamics, but it is a little 
doubtful whether we have, in consequence, obtained a 
knowledge of steam giving us better results than 
we had attained before. There were Cornish 
engines, years ago, which worked with a consumption 
of coal of but 2 lb. per effective horse power exerted 
per hour. We may set this down as corresponding to 
about 1] Ib. of coal per indicated horse power, the 
standard now commonly adopted. It has been as- 
serted of certain engines, —— within the last six or 
seven years, that they have worked down to 14 Ib. 
of coal per indicated horse power per hour, but, 
supposing this to be the fact, we know that these 
engmes worked with from 100 lb. to 130 lb. steam, 
oa that they expanded this within a low pressure 

cylinder, working in connexion with a surface 
condenser. It is not, however, quite an assured 
truth that this result was ever obtained. All that we 
have seen authenticated by a responsible name was the 
certificate of a professor of engineering in a northern 
university, who once saw a steam vessel working for 
about an hour at this estimated rate. Most engineers 
will say that an hour’s performance can go for but 
little. There is the difficulty of settling the question 
whether the coal remaining on the grate at the end of 
the trial be equal to that of the beginning, and, too, a 
very slight difference in the steam pressure might re- 
present a comparatively large quantity of steam 
worked out of the water already heated in the boiler, 
and therefore not due to the evaporation during the 
time of the trial. 

All the theoretical means of economy have, however, 
been known for a long time, if not since the days of 
Watt. He understood and practised expansive work- 
ing, and he was aware that high pressure steam per- 
mitted of a greater degree of expansion than low pres- 
sure steam, although, for practical reasons, he pre- 
ferred the latter to the former. Trevithick and Woolf 
both set the example of high pressures, and Woolf left 
a specification upon record which proves that his 
notions of expansion were even beyond, and very 
greatly beyond, the truth. Evans, too, in America, 
worked up to pressures, in large pumping engines, of 
from 150 lb. to 2201b., and after him were Jacob 
Perkins and Dr. Alban, who went much higher, 

Superheating was proposed many years ago, and the 
ulvantages of keeping the steam dry have long been 
known. Indeed, the steam jacket and the thickly 
clothed cylinders of many of the older engines show 
how careful were the early engineers in this respect. 
Surface condensation was practically in use thirty years 
ago, but we do not refer to this for the purpose of 
placing it among the means of steam engine economy, 
except at sea, where it saves the water otherwise blown 
out of the boiler to prevent saturation with salt. Even 
here, the saving by surfuce condensers cannot, where 
one-half of the water in the boilers is blown into the 
sea, be more, theoretically, than about one-seventh of 
the coal burnt when working with injection condensers. 
Practically, the tubes or flues of marine boilers, work- 
ing salt water, become more or less incrusted with 
sulphate of lime, and this incrustation causes a farther 
waste of heat. 

if there be any one of the theoretical means of 
economy in steam which was not employed by the 
earlier engineers, it must be high piston speed, although 
we are not so sure that even this is a recent innova- 
tion. Regulating the amount of expansive working 
by means of the governor was tried by Watt, it was 

patented by Richard Roberts in 1832, and it was long 
ago employed by Mr. Brownlee of Glasgow and by 
Mr. Petrie of Rochdale. . 

We are inclined to believe that there are, propor- 
tionally, more good and economical engines working 
now than there were thirty or forty years ago, but this 
has been due chiefly to a moderate increase in the 
wressure of the steam, and to improved workmanship. 
f the sole object in improving an engine were to dimi- 


cated horse power, nearly every steam engineer of con- 
siderable practice could guarantee this result. But, 
somehow, the engines that accomplish this are not in 
great favour. It is idle to say that employers of steam 
power are insensible to their own interests, and do not 
value a saving of coal, which directly represents a 
definite saving of money. But they de consider as 
well the question of interest upon first* cost, and the 
cost of attendance and oil, and oqomaty of repairs. 
Suppose a manufacturer to obtain his coal at 8s. per 
ton, and that he works his engine at 100 indicated 
horse power for 57$ hours a week. The difference of 
1 lb. of coal per indicated horse power would, in this 
ease, represent a difference of 53/. 8s. per annum. 
Suppose, however, that the engine which saves this 
sum costs 1000/. more to begin with. The saving is 
at once eaten up in interest. Many will say “but 
“surely it does not take 1000/. extra to provide a 
“ steam jacket, or a superheater, or improved expan- 
* sion gear, or even all of these together.” Perhaps 
not, but most of the improved engines are nevertheless 
costly. In the States, Mr. Corliss has built up a vast 
trade in improved engines, and he has done so by con- 
tracting, as Watt had to do in his time, to receive in 
payment only the value of the coal saved in a series of 
years. At least, this was done in many cases at the 
commencement of Mr. Corliss’s career. Mr. Douglas, 
of Kirkealdy, N.B., is now making engines, much after 
the pattern, we believe, of that set up by Mr. Corliss 
himself at Messrs. A. Pirie and Son’s paper mill at 
Stoneywood, Aberdeen, but we do not suppose that 
Mr. Douglas consents to receive the saving in fuel in 
payment for his work. We understand, however, that 
a ae der firm manufacturing an improved form of 
engine offer to do this, and we mention the fact as one 
of interest to users of steam power. 

The manufacturer, seeking the best engine for his 
purpose, generally finds that the so-called improved 
one are mostly in an experimental stage. No one 
has giver us the commercial results of working them 
over a long period. We do not say this with any 
thought of decrying improvements, but because it is a 
fact. The saving in coal is one thing, but the manu- 
facturer has to consider other points as well. If, he 
says, such or such an engine requires more careful 
attendance, or a specially skilled engineer, the mg 
of increased wages comes in. If it have superheaters, 
or any considerable extra number of joints and wearing 
surfaces, there is the cost of repairs to look to, and it 
is not only their cost, but the interruption which they 
cause by the stoppage of large works is a far more 
weighty consideration. What has a manufacturer with 
a mill full of orders, and working 300 or 500 hands, to 
say to an engine which may fail him at some wnlucky 
moment ? With this dread of untried plans, or of those 
which haye had but a partial adoption, he will be sus- 
picious of the engine which has a superheater or a 
surface condenser, or which works at an uncommonly 
high speed. 

We know that there are those at work in the field 
of steam engine improvement who are striving to com- 
bine all the economical qualities desirable in steam 
engines, and we are disposed to believe that some of 
them have already attained great success. But there 
are but few—very few—which have given the public 
an opportunity of judging whether the improved engines 
are really and permanently successful or not. We 
could refer to one or two types of engines, of which a 
good deal has been heard, but of which, after some 
years of probation, no definite and satisfactory infor- 
mation has been made public. The obvious presump- 
tion is that the practice, thus far, has not been all that 
could be desired ; but we offer no opinion of our own 
upon this point. We only mention the matter to show 
that a degree of uncertainty still attends the improved 
engines. Where steam of high pressure is required, 
there is a further uncertainty as to the boiler. We have 
not quite sueceeded in perfecting a high pressure boiler 
for manufacturing purposes. The multitubular boiler 
is costly, and is fab e to choking with scale. The 
Lancashire boiler, with two flues, cannot well be made 
small enough to be safe at very high pressures. We 
know, however, that Mr. Adamson has made 64 ft. 
boilers of Bessemer steel, which have worked at Messrs. 
Platt’s, at Oldham, at 100 Ib. per square inch. But we 
cannot think that millowners are quite prepared to 
follow up this practice. Steel, even yet, is an uncer- 
tain material for boilers, especially for those parts ex- 
posed to the fire. The Harrison cast-iron boiler has 
proved a complete failure in this country, and thus we 
are still in a great measure dependent upon the single 
flue Cornish, or the two-flue Lancashire boiler tor 
generating steam. ‘There are many other ingenious 
forms of boilers, but, although one hears of them, it is 


difficult to obtain authentic information as to their 
continued actual working. 

As for high piston speeds, we have little published 
and authenticated information as to what has been or 
is being done. Occasionally marine engines work, on 
trial trips, up to 500 ft. or more, but this is not main. 
tained in ordinary working, and, as it is, every care 
has to be taken to prevent heating. For land engines 
it appears doubtful whether the high speeds often 
recommended have yet been attained with permanent 
success. If those who advocate a reformed practice in 
steam engines, and who are actually practising what 
they profess, could but know how much mistrust is 
caused by their neglect (for we will not call it inability) 
to give public information, establishing the correctness 
of their practice, they would soon speak out. 








Tue VENTILATION oF Srewers.—The urgency of the 
question of sewer ventilation induces us to give here the 
substance of a letter not long since addressed by Mr, 
Rawlinson, C.E., to the Times. He says:—“*I beg to 
enclose certain ‘Instructions and Suggestions,’ drawn up 
by myself, with respect to main sewers, drains, and water- 
works. Clauses No. 14 and 15, having reference to house 
drains, sinks, and water closets are generally neglected. In 
nearly all cases in London, drains traverse the basements of 
houses, and have no adequate means for ventilation. There is, 
or should be, a flap valve on the drain in the sewer, but this is 
not gas tight. Very few water closets have fixed openings for 
ventilation independent of the windows. These imperfect 
arrangements allow sewer gases to flow back through the drains 
into the houses and water closets. In 1859, when disinfectants 
were used freely in some of the London main sewers, the smell 
of the said disinfectants was found to pervade all the houses in 
the district connected by drains with the sewers, showing to 
demonstration that such houses must at all other times be 

rvaded with diluted sewer gases. ‘There is no safety but in 
Cradles the connexion between sewer and house drain outside 
the walls of the house, and allowing an external escape to: 
sewer gas rather than internal. This has been done at Windsor 
Castle, at Marlborough-house, and at Bowood, the seat of Lord 
Lansdowne. The ‘Suggestions’ spring out of a wide ex- 
perience, obtained in devising and executing sewerage works in 
many towns and places. Reasons at considerable length could 
easily be given for every clause. They are, however, addressed 
to resident engineers and local surveyors, who are supposed to 
have had some experience in such works, The ‘Instructions’ 
have been in use throughout the distressed cotton district. 
With respect to main sewer ventilation and the use of charcoal 
for disinfecting the gases, I think I can fairly claum to have first 
matured plans and details for such purposes. On the main 
sewers at West Ham there are 251 ventilating shafts, so 
arranged as to prevent road drift falling into the sewers and 
impeding the flow of sewage. Wire baskets and trays contain- 
ing charcoal are also so urranged as to render the sewer gases 
innoxious, I have used many hundreds of these charcoal dis- 
infecting arrangements on other town sewers, and have also 
furnished plans and details to the Lancashire engineers and 
surveyors, and others acting under the Local Government Act, 
as also to engineers from France, Prussia, and America, and for 
use in India. The metropolitan ventilation of sewers is for 
the most part by a shaft direct from the sewer to the open air 
in the street, square, or place, without any intervention of 
charcoal. ‘This defective arrangement allows dirt from the 
street surfaces to grind through the open gratings to the inverts 
of the sewers, and so form a barrier to the fluid sewage below, 
and the gases of decomposition to rise in their full strength to 
the atmosphere above. A vast work remains to improve the 
inverts of hundreds of miles of metropolitan sewers, which now 
regularly retain foul deposit, and every sewer ventilator ought 
to be made filter to the sewer gases through charcoal. 14. House 
drains should nut pass direct from sewers to the inside of 
houses, but all drains should end at an outside wall. House 
drains, sink pipes, and soil pipes should have means of external 
ventilation. The largest block of buildings may have every 
sewer outside of the main walls. No foul water drains or 
cesspit should be formed beneath any house basement. All 
fluid refuse should pass, at once, from the drains to the 
sewers and from the sewers to the outlet. 15. Sinks 
and water closets should be against external walls, so that 
tho refuse water, or soil, may be discharged into a drain 
outside the main wall. Down spouts may be used for 
ventilation, care being taken that the head of such spout 
is not neara window. Water closets, if fixed within houses, 
and having no means of direct daylight and external air 
ventilation, are liable to become nuisances, and imay be injurious 
to health, 22. Tall chimneys may be used, with advantage, 
for sewer and drain ventilation, if the owners will allow a coa 
nexion to be made. It is of the utmost importance to impress 
upon local surveyors the necessity of care in setting out main 
sewerage works and house drains with acccuracy, in choosing 
sound materials, and in properly superintending the works during 
their progress. House drains should be so arranged as to be 
capable of removing all water, soil, and fluid refuse from yards, 
roofs, and interiors of houses to the sewers, without any risk of 
gaseous contamination to such houses. Street sewers should be 
capable of conveying all sewage to some common outlet without 
retaining sediment in them. All sewers and drains should have 
arrangements for full ventilation, at such points and in such 
manner as not to cause any nuisance. Charcoal (as proposed 
by Dr. John Stenhouse) may be used to filter and disinfect 
sewage gases at all manholes and other ventilators. Water closets 
should have a daylight window (not a ‘borrowed light’), and 
fixed means of ventilation, which can neither be seen nor be 
tampered with. Permanent openings, equal to a slit 12 in, in 
length and 1 in. wide, should be provided, The cover, or lid of 
the seat, should be made to close and leave the valve handle free, 
so that the contents of the closet may be discharged with the lid 
closed down. At all times when a water closet is not in use the 
lid or cover should be closed.” 
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THE FIRE BRIGADE. 

Tne Metropolitan Board of Works, who now have 
the control of the Fire Brigade, have not yet deter- 
mined upon its future extent. Captain Shaw, some 
time since, submitted a scheme for the protection of 
London from fire, and which, it is to be hoped, may be 
ultimately carried out. His plans, contemplating the 
protection of 900,000,000/, worth of property, embrace 
an area of 117 square miles, which he proposes to 
divide into four districts, with principal stations re- 
spectively in Westminster, Farringdon-street, Well. 
close-square, and at the Elephant and Castle, In all 
there would be 21 large stations, $1 smaller stations, 
and 37 outlying stations, which last Captain Shaw pro- 
poses to have worked by contract. There would thus be 
$9 stations in all, as compared with 17 stations of the 
present brigade, Hach district would be under the 
charge of a district engineer or foreman, who would 
communicate by telegraph with the chicf stations, and 
also with all the large stations in his own district. 
Fach of the four district stations would have one large 
land steam fire engine, delivering about 500 gullons 
per minute, besides from two to three smaller engines 
capable of throwing about 200 gallons per minute, In 
all four large and twenty-seven small land steam fire 
engines would be employed. Besides these, there 
would be thirty-seven large manual engines to be 
drawn by horses, and having 6 in, to 7 in. cylinders, 
and fifty-seven smaller manual engines, to be drawn by 
hand, and throwing about 20 gallons per minute. There 
would be four large floating steam fire engines, one in 
the river in Westminster, one at. Southwark-bridge, 
one at; Rotherhithe, and one at the Limekiln Dock; 
and there would thus be 129 engines of all classes. 
The total number of officers and men of the brigade 
would be 350. 

The change, as compared with the present brigade, 
would be as follows : 














Present | Proposed , 

Brigade. | Brigade. | *P°™®48* 
Number of Stations ... .« «+ 17 = | # 
Da of Hames ce: yl 181 850 219 
Area over which Stations ex- } 

tend, square miles... j 10 100 90 

Floating Steamers «4. we ae 2 4 2 
Large Land Steamers... ... 2 4 2 
Genall Ge, cee cee see 6 27 21 
Manual Engines... ... ... «| 88 94 61 
Total Number of Engines... ,..| 48 129 86 








The whole cost of the first establishment due to the 
increase of the brigade, is estimated by Captain Shaw 
at 42,000/., and of this he believes that 12,000/. may 
be saved by purchasing partly used engines and other 
gear from some of the parishes, bringing down the net 
cost to 30,000/, In his estimate of cost, the large 
floating engines are put down at $000/. each, the large 
land steamers at 800/., the small land steamers at 
3802, the large manual engines at 100/., and the 
smaller manual engines at 30/, Of the latter Captain 
Shaw says; “ They should be made almost as light as 
“ wheelbarrows, aud should be provided with a hose 
“ and coupling screws, with a water way not exceeding 
‘one inch and a half, the whole of the gear being of 
‘corresponding lightness, so that one man would be 
‘able not only to run this class of engine to a fire at 
“the rate of six or seven miles an hour for the short 
‘distance he would have to go, but he could, on 
“arrival, go to work by himself, without waiting for 
“further assistance than what is required, and is 
“ always forthcoming, for driving the pumps.” 

_ The annual cost of earrying on the enlarged brigade, 
is estimated by Captain Shaw at a minimum of 50,0002. 
This sum will have to be provided by a rate of $d. in 
the pound upon the assessment for poor-rate of the 
Metropolitan district, which will produce about 30,000/. 
per annum, and by a charge of 35/. per million of in- 
surances, amounting at present to about 10,000/, 
annum, which the Insurance Companies have agreed to 
contribute, as well as to hand over their buildings and 
staff, free of charge, to the new brigade. These sources 
of revenue will produce 40,000/. per annum, leaving a 
balance of 10,0002. per annum, which, if voted by 
I arliament, would complete the total of 50,000/., which 
is required. 


Tue Great Western AND Nortu-Easrern Rawways. 
—The Great Western has for some years been the second 
greatest line in the kingdom, It seems probable, however, that 
it will be replaced in that position by the North-Eastern, the 
traflic of the latter now inereasing steadily, The mileage of the 
Great Western is now 1280, and that of the North-Eastern 
1208 miles; whilst the traffic receipts of the two lines were, for 
the past half-year, 1,865,000/. and 1,860,0002. respectively. 


NEW RAILWAY AND ENGINEERING 
SCHEMES AT BIRKENHEAD. 

Ix a previous article on the subject of the projected 
railways for Liverpool, we noticed the vast importance 
of connecting both sides of the river M , in order 
to give increased facilities for the transit of goods and 
passengers without the necessity of goin round by 
Garston. Among the new lines in whi¢ Birkenhead is 
interested, may be named the Birkenhead and Bidston 
Railway, of which the London and North Western Com- 
pany are the promoters, and which will be connected 
with an important, though short, line called the Hoylake 
Railway, now almost completed, and a branch of which 
is torun to New Brighton. The proposed line will 
form a junction with the Birkenhead Railway Exten- 
sion to the Docks, underneath the double bridge, at 
the point of connexion between Market and ‘Adelphi 
streets, and proceed by an open cutting under twenty. 
four streets and public highways merry it reaches the 
north side of the Britannia Works ; and afterwards by a 
— course it follows the course of the Dock line— 

eing about 50 yards distant therefrom to a point near 
the junction of Price-street and Corporation-road. 
The two lines here diverge—No, 1 running parallel 
with Beaufort-road, and being carried forward upon an 
embankment at a point about 130 yards south-west of 
the Canada Works, terminates about 200 yards north 
of the Hoylake Railway No, 2, and about 550 yards 
west of the Wallasey Bridge-road. No. 2 railway 
takes a course in the direction of the Dock cottages, 
and proceeding over Wallasey Bridge-road, south of the 
fender sluice, it takes a course parallel with the open 
fender at 40 yards therefrom, and joins the Hoylake 
Railway near where the latter crosses the open fender. 
In consequence of an embankment extending between 
Beaufort-road and Corporation-road, and Ilchester- 
road, two new streets proposed to be laid out by the 
Birkenhead Commissioners will be closed up. ‘It is 
probable that the Commissioners will find it necessary 
to oppose this scheme of the London and North. 
Western on account of its course preventing new streets 
from being laid out between Corporation-road and 
Beaufort-road at the junction referred to. This is a 
very important scheme and we hope it may not be 
frustrated by a collision between the promoters and 


will be very successful, especially during the summer 
and autumn months, and as the Birkenhend tramway 
will convey gers from Woodside ferry to the 
point where the extension terminates by the elegant 
and commodious saloon cars, constructed on the 
American principle, it will be almost as great an advan- 
tage to the Birkenhead Commissioners as to the public 
themselves. 

The only objection which Mr. Thorburn, engineer 
to the Commissioners, offers to the Mersey Pneumatic 
railway is that, according to present ag it will inter- 
om and interfere with the Woodside flushing sewer 
which it crosses at Shore-road, the roof of the tunnel 
here being 30 ft. from the surface, so that the sewer 
would be very little above it. Mr. Thorburn is strongly 
of opinion that the sewer is in such a position that it 
cannot be either diverted from its present course, or 
raised so as to pass over the tunnel. The Mersey Docks 
and Harbour Board can alone deal with the matter, as 
the sewer was constructed by them, and if they can be 
brought to act in harmony with the promoters’ of the 
Pneumatic line, it may be lowered or syphoned so as 
to flow under the tunnel. 

The Dock Board intend to close the low-water basin 
and convert it into a wet dock. They also propose to 
enclose the basin belonging to the Morpeth Doek and 
turn it into a wet dock, 

The Wrexham Mold and Connah’s Quay Railway 
Company propose to construct a new line to form a 
junction with the Hoylake railway in the Bidston 

arshes, which will give them a direct entrance to 
Birkenhead, The total length of the line-will be about 
16 miles. There is great necessity for increased facili- 
ties for conveying minerals and passengers from the 
North Wales district into Birkenhead, and the line to 
which we refer is likely to receive general support. It 
will cross the River Dee by a tunnel half a mile or so 
above Connah’s Quay, and after taking @ northerly eir- 
cuit through the distriet of Wirral will form # jenetion 
with the Hoylake line at Bidston Marshes as above 
described. The Birkenhead Commissioners will pro- 
bably give this project all the support in their power, 
as it will materially increase the value of their property 
at the north end of the town. 

The projects now referred to will, notwithstanding 
their apparent imsignificance, tax the ability and energies 





of some of our best engineers. But the difficulties are 


the Birkenhead Commissioners, The Hoylake Railway | N 


not quite so great as in some other schemes in which 
Liverpool and Birkenhead are interested, and in which 
they will have to play a very conspicuous part. 








THE LATE MR. DAVID ELDER. 


Few men have done more for ocean steam naviga- 
tion than Mr. David Elder, who died lately, at a ripe 
age, and full of local honours, in Glasgow. Although 
his name was not publicly connected with that of Mr. 
Robert Napier, Mr. Elder was associated with that 

+ engineer for nearly half a century, and shared 
with him—in the estimation of those who knew him 
best, and who were best able to judge of his works— 
the credit for that wonderful impulse which the prac- 
tice of the Lanceficld Foundry gave to shipbuilding 
and marine engine construction on the deals of the 
Clyde. 

Mr. Elder was born in a small hamlet near Kinross, 
January 18th, 1785. His father and grandfather were 
country joiners, wheelwrights, and house builders. 
The grandfather’s manuscripts, still preserved, exhibit 
superior knowledge for his time, and comprise many 
neatly written memoranda, showing—when it is remem- 
bered that they are nearly » centtry and a half old—a 
remarkable proficiency in mathematics and the princi- 
ples of mechanics. 

At the age of twenty-three, David Elder succeeded 
to his father’s small business, and, marrying in 1812, 
he then removed to Paisley. Here he was engaged for 
three years in designing the buildings and machinery 
of a large thread mill, now owned by Messrs. John 
Clark jun. and Co. In 1817 he removed to Glasgow, 
where he designed and directed the construction of 
some of the largest cotton mills in the west of Scot- 
land, including those of Messrs. Dunlop at Broom- 
ward, Messrs. Gillespie at Woodside, portions of 
Messrs. Tennant’s chemical works, alum works, thread 
mills, &e. In 1820, at the age of thirty-five, he had 
ora a wide reputation in the north as a skilful 

esigner, and an energetic and successful director of 
large works. It was then that he formed a business 
connexion with Mr. Napier, who had then established 
a foundry at Camlachie, at the east end of Glasgow. 
Within a ‘hoe rep Elder, as the ae te 
8 ing works, designed his 
first pair of marine sieiies, foe the Leven, a steamboat 
built to run from Glasgow to Dumbarton. Possessed 
of superior taste, Mr. Elder succeeded in giving anew 
character to this class of work, and Mr. er’s 
factory was soon filled with engines for a number of 
steamboats, not only for the Clyde but for service 
between Glasgow, Belfast, Londonderry, and Liver- 

1, and between Aberdeen and London, and Dun- 

ee and London. In 1838 Mr. Elder laid down the 
plans for the engines of one of the first Atlantic steamers, 
the British Queen, of 2000 tons, 500-horse power, 
and having the late Mr. Samuel Hall’s surface con- 
densers ; then came the world-famed Cunard steamers, 
of which Mr. Elder also designed the engines—increa- 
sing in size and improving in construction from those 
of the Britannia and Hibernia, the’Cambria and Acadia, 
on tothe America and Europa, the Canada and Niagara, 
again to the Asia and the Africa, and thence to the 
culminating grandeur and finish of the great engines of 
the Persia. We are giving to the late Mr. Elder only 
the eredit which is accorded him in Glasgow, and we 
have no wish to detract in the least from the acknow- 
ledged talents and long established reputation of his 
great chief, Robert Napier, a name of which almost 
every man in as well as thousands in England, 
and in other eountries, are now proud. For nearly 
twenty-five en Mr, Vader had a fixed sum per horse 
power for all the engines he designed, and of which he 
superintended the construction at the Lancefield 
Foundry. Here he worked on, meeting and _over- 
coming difficulties as they arose. Whether he had to 
scheme new tools and novel plant, or to deal with men 
ready as now to strike, he was successful. But he 
sought no public fame, and it is doubtful whether one 
in a hundred of those who, in all parts of the world, 
have seen and admired his works hove ever heard of 
David Elder. His example has not been lost, however. 
He trained up many men, who are now in business for 
themselves, and one of his sons, a partner in the firm 
of Messrs. Randolph, Elder and Co., is now one of the 
largest shipbuilders and marine engincers in the 
kingdom. David Elder lived through a long and 
laborious life; he may be truly said to have survived 
two generations of engineers, and his labours have un- 
doubtedly contributed in a considerable degree to the 
improvement of mechanical science and to the material 





progress of the nation. 
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THE ENGINES OF HM.S. “AGINCOURT.” 
(For Description, see Pages 99 and 100). 
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PUBLISHER’S ANNOUNCEMENT. 

It is requested that any delay in the delivery of this journal 
to its subscribers who receive their papers direct from this 

may at once be made known. 

The sixteen pages forming the reading matter of this 
‘ 1 will, in a short time, be printed upon heavier paper, 
giving more clearness to the type and woodcuts. 

It is hoped that the correct title of this Journal will be given 
to it by its friends and correspondents. The title is not “‘ The” 
ENGINEERING, nor “ The ENGINEERING Journal,” but is 
comprised in one word only. It is the more desirable that this 
should be borne in mind, as the title may otherwise be confused 
with that of another Journal having a somewhat similar name. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

All letters connected with the business department of 
this paper to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, London, W.C. All 
other letters to be addressed, there, “‘ To the Editor.” 


Cheques and money orders to be made payable to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 

No sums of money are to be paid on account of ENGI- 
NEERING except to the written order of the Publisher, Mr. 
Charles Gilbert, no other person having any authority to 
make collections on account of the Proprietor. 

Mr. R. S. Mackenzie has ceased to be connected with this 
journal. 


ENGINEERING is registered for transmission abroad, 


Tue INSTITUTION OF CrviIL EnGineERS.— Tuesday, February 20th, at 
8 vp.m.—Discussion on “ Railway Stations, Repairing Shops, Engine 
Sheds, 4c.” 

Society or Enorveers —Monday, February, 19th, 1866.— Dis- 
cussion on Mr. Thomas Adams’ paper ** On the friction of the slide 
valve,” at 7 o'clock. 
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RAILWAYS AND GOVERNMENT. 


Mr. Cuapwick, on the reading of his paper, the 
other evening, at the Society of Arts, could not find 
one person to agree with him that it was expedient to 
place the management of railways in the hands of the 
Government. Every one who spoke at all contro- 
verted his arguments. There were two or three, 
including Mr. Allport, the manager of the Midland Rail- 
way, who went at some length into the reasons 
opposed to Mr. Chadwick’s proposition, while the 
chairman, Mr. Hawkshaw, dismissed it much as one 
would a scheme which was too preposterous for dis- 
cussion. Mr. Chadwick endeavoured to show that 
the opinions of the late Mr. Stephenson and Mr. 
Locke and those of Mr. Bidder and Mr. McClean 
tended to support the superiority of Government 
management of railways; “but,” said Mr. Hawk- 
shaw, “ Mr. Chadwick has no right whatever to bring 
“the names of those gentlemen forward as supporters 
“of his views. I knew well Messrs. Stephenson and 
“Locke, and I know as well Mr. Bidder and Mr. 
“McClean. Two of them are no longer alive to 
“speak for themselves, but I really don’t know 
“of anything more likely to bring them out of 
“their graves, if that were possible, than the 
“fact of Mr. Chadwick leading a public meet- 
“ing to infer that they had ever been advocates 
“for the Government of this country taking the 
“management of the railways. With regard to the 
“other two gentlemen, they are both alive, and will 
“probably read what Mr. Chadwick has said, but I 
“am certain 1 may now say for them that I do not 
“know two men further removed from any. such views 
“as those advocated by Mr. Chadwick. When they 
“are told that they are advocates of the Government 
“management, of railways, I am certain that they will 
“be very much astonished.” Mr. Hawkshaw’s opinion 
is, that it would be one of the most destructive mea- 
sures ever brought forward, if the Government should 
even propose to take the management of the railways 
into their own hands; and he states that he is quite 
certain that to oppose such a thing is but fighting a 
shadow, inasmuch as, although Mr. Galt may have 
broached such a proposition, he (Mr. Hawkshaw) is 
perfectly certain that Government has never had such 
@ notion and never will have. 


2. 





With such an illustration of professional and public 
feeling upon Mr. Chadwick’s proposition, it seems 
hardly worth while to discuss it further. He has 
made out no case in favour of centralization. There 
is everything to oppose to his views. The purchase 
of the railways would add 400,000,000/. to the public 
debt. The public would lose all the benefit of com- 
petition. The Government have never managed com- 
mercial undertakings with pecuniary success, and it is 
— that, should they take the railways in hand, 
ares would be raised instead of being lowered, and 
that there would be an annual deficit, after paying 
interest upon their purchase money, which woul 
require to be made up by taxation. The creation, too, 
of an additional public debt would assuredly lower the 
price of consols. The vast political influence which 
the Government patronage of-130,000 posts of em- 
ployment, scattered through all parts of the country, 
would give, would be most objectionable also. We 
need not, as we have already said, continue the dis- 
cussion of what has thus far been so distinctly con- 
demned, and which we may the more readily drop, as 
the subject is really one of political economy, and is, 
indeed, a political question, upon which a knowledge 
of engineering does not nevessarily throw special 
light. Should the sale of the railways to the Govern- 
ment be seriously proposed, however, in Parliament, 
we shall have good reason to return to the matter. 








STEEL IN CONSTRUCTION. 


Ir is comparatively but a few years since bridges 
were constructed only in stone, brick, or timber, 
because none knew how to plan them in other 
materials. Afterwards we had cast iron, and with its 
almost infinite facility of form, the opportunities for 
original design were greatly multiplied : especially 
after the late Mr. Eaton Hodgkinson had shown us 
how properly to employ it, both in tension and in 
compression. For iron suspension bridges, dating 
from 1823 only, wrought iron was employed as a 
matter of course. ‘I'wenty years ago there arose the 
necessity for wide strong spans, for the passage 
of railway trains, and between Mr. Stephenson and 
Mr. Fairbairn two of the grandest bridges known 
to modern times were successfully constructed of a 
material which until then had been thought wholly 
unfit for the purpose. More recently, the production 
of steel has om assimilated in cheapness and in the 
weight of single pieces, to the manufacture of wrought 
iron. The tensile strength of what is known.as mild 
steel, or homogeneous metal, and which is identical, 
when made, with much of the Bessemer steel, is at 
least twice that of wrought iron. The so-called homo. 
geneous metal (made by an expensive process, as com- 
~ with that followed in making Bessemer steel) 

as been adopted for the chains or inclined tension 
bars of the new Albert-bridge, from Chelsea to Batter- 
sea-park, and there can be little doubt that it is alto- 
gether superior to — iron. But here the metal 
is employed in tension alone. In bridge structures of 
different design, as in arches and girders, the metal is 
employed also in compression. Mr. Scott Russell, in 
a letter in our last number, has very forcibly directed 
attention to the necessity for further knowledge of the 
compressive strength of steel. At present, we know 
very little upon this point. Steel has been for some years 
spoken of and written of as a material for future construc- 
tions, but the complete Knowledge of its qualities which 
engineers should possess is yet wanting. If, as there 
appears reason at present for believing, steel has but 
little if any greater power of resistance to compression 
than wrought iron, one half of its presumed advan- 
tages for girder construction, and probably also for 
shipbuilding, have no real existence. Supposing, as 
Mr. Scott Russell has suggested, that oan can bear 
perhaps 40 tons per square inch in tension, but only 
20 tons in compression, a steel girder would require 
to have a top flange of at least twice the sectional area 
of the bottom flange. Indeed the top flange might as 
well be made of wrought iron as of steel, and the 
latter- be employed only in tension. There may be, 
indeed, an siunten in this application of steel to the 
construction of girders. But it is most desirable that 
engineers possess more complete knowledge of the 
whole nature of steel for the purposes of construction, 
and it would probably be to the interest of the steel- 
makers if they would themselves take up the task of de- 
monstrating itscapabilities under different circumstances 
of service. Steel is now made at a price approachin 
nearly to that of wrought iron, and there isa comment 
ing temptation to employ it, if it be found trustworthy. 
We have been informed that the homogenous metal ten- 
sion bars of the Albert-bridge cost but 25/. per ton, and 





we are aware that Bessemer bar steel has been quoted as 
low as 16/. and we believe it can be produced at a con- 
siderably lower price. It is now easy to conduct 
experiments upon every kind of material, so as to show 
all its properties, and such experiments should be at 
once made upon steel. It is of course probable that, 
as in the.case of the Britannia-bridge, a series of 
experiments upon steel tubes, plates, and girders, may 
be found desirable in the interest of a railway company 
undertaking some one of the great bridges now com- 
menced or contemplated. The question at present now 
remains in a most unsettled state, and whoever brings 
to bear the results of careful and appropriate experi- 
ments, applicable to all the circumstances under which 
steel is likely to be employed, will not merely render 
a timely and important service to the profession and to 
science, but will probably reap many direct advantages 
in his own practice. 








ART IN ENGINEERING. 


Tue whole question of the appearance, as well as 
the utility and security of engineering structures, 
is yet likely to come prominently into public consi- 
deration. Engineers have for years been dealing with 
the necessities, or presumed necessities, of form, 
without regard to grace or embellishment; and 
they have partly succeeded in educating the public 
taste down to their designs, rather than in 
bringing their own ideas up to those forms and pro- 
portions which through ages have given pleasure to the 
eve and the imagination. It is a more delicate 
subject than many may be aware of to take en- 
gineers to task, even for their disregard of taste, 
for although they have seldom, if ever, acknowledged 
its existence, probably every engineer prefers to have it 
presumed that he does possess and habitually exercises 
taste. In most cases, however, when the question of taste 
is raised, the engineer at once defends the soundness of 
his constructions, and insists that what is so sound 
cannot be in bad taste. Now the same argument 
might equally apply to the ugliest warehouse on the 
river. And whoever cares to follow this question 
should endeavour to dismiss from his mind all idea of 
any necessary connexion between structural soundness 
and sufficiency and taste. There is a large class who 
will have it that whatever is right for its purpose 
should please. In one sense it may. A limekiln may 
be excellent for its purpose, but it is not the most 
pleasing of objects. St. Paul’s,as a work of architec- 
ture, has, for more than a century and a half, given plea- 
sure to perhaps millions of mankind, not so much 
from its fitness for any special purpose, as for its admi- 
rable grace combined with sublimity of design. It may 
not be perfection, but it is a work with which few others 
in the kingdom can compare. A modern contractor 
would run up.a building of equal size and height, with 
abundant shelter and light, a sort of South Kensington 
affair, which would equally serve the intended purpose, 
and remain a permanent blot upon national taste. The 
difficulty in dealing with the question is in deciding 
what is taste. It is the difficulty of many who do not 
know what works are pleasing, or if so, why they 
please. Of all things, taste is most unfettered in this 
country—it is a matter of opinion, and opinion is abso- 
lutely free. Still there are rules to which even 
opinion may conform with advantage, and there 
are principles or reasons—some prefer to call them 
laws—which, in their application to forms, are found 
to afford pleasure to iaitveied minds, and to con- 
stitute what is called good taste. We must oppose 
the conviction of many that it is good taste in bridge 
construction, where the bridge is in a public situation, 
open to the view of all, to adopt horizontal girders, 
supported upon straight pile-like piers. This arrange- 
ment has never been satisfactory in its appearance 
when employed in architecture, and a bridge, no matter 
of what material it may be built, is really just as much 
a work of architecture as a house or a cathedral. We 
are not about to enter upon the discussion of the 
advantages of parallel or other girders, and we quite 
admit their absence of thrust. They are useful, eco- 
nomical, and unpleasing in appearance, not necessarily 
unpleasing to all, but to those who, with or without 
knowledge of engineering, have been accustomed 
to the finer forms and grander works of art. Nor is 
the bone and sinew style of a great deal of our lattice 
and bowstring girder construction pleasing to educated 
tastes. It may be said that every ounce of material in 
a bridge which does not assist in carrying load is in 
itself a load upon the rest of the structure. This is 
one of the oldest axioms in bridge construction. But 
this is no reason why a bridge should be all skin and 
bones, or all bones and no skin at all. Nature certainly 
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does not expose her internal structures to the eye ; and 
however the engineer may like to run through the 
apparent lines of strain, and thread them one by one 
through a grating of lattice-work, the pleasure is the 
same in kind as that which a surgeon experiences with 
a fine stalwart skeleton before him, but which can 
afford real pleasure to but very few others. It may 
be well enough that a bridge should proclaim to 
the world the skill of its designer, but it is to be 
remembered that only those in the a wg are really 
competent to judge whether the bridge be rightly or 
wrongly designed. And we think that the skill of the 
engineer should be a thing of course, and that it should 
not need the permanent exhibition of the details of his 
design to prove it to the world. We should say let 
him cover up his lattice girders, and enclose the butt 
straps, rivet heads and broken joints of his flanges. 

While we are upon it, we would protest in the name 
of art against the embellishments of the Ludgate-hill 
viaduct. An arch was perfectly admissable there, and 
with skill in design it would have been capable of even 
noble as well as graceful treatment. But instead of 
this, we have a sort of fender curb, supported upon 
chocks which would appear to be dowelled into the 
abutments. We cannot but pronounce it a work in 
bad taste, and we are free to say we would rather have 
seen even a level plate girder with an arched plate 
thrown across the flat surface of its web. 


THE LOSS OF THE LONDON. 
To tne Epitor or ENGINEERING. 

Sir,—The loss of the London is another of those 
lamentable events which have given such a painful 
interest to much of our maritime history, It is difficult 
to trace, from the conflicting evidence published, the 
immediate cause of this unfortunate occurrence. From 
what [ can learn 1 do not think the ship was so much 
in fault as the state of the rigging and decks at the 
commencement of the voyage. During the winter 
months we must prepare for the worst weather in such 
a stormy sea as the Atlantic, and, judging from the 
statements of the various witnesses examined during 
the official inquiry, I am inclined to think the vessel 
would have outlived the storm if proper care and 
caution had been observed in making all right and 
tight aloft. 1 should hesitate to give an opinion ad- 
verse to the high nautical attainments of Captain 
Martin, but from the evidence, it would appear that 
these precautions had been to some extent neglected, 
and, although Captain Martin’s great coolness and self- 
sacrifice are much to be admired, this cannot neverthe- 
less make anything like restitution for the fearful loss 
of life which took place. 

In the construction of clippers and passenger ships, 
it appears that many important sea-going qualities 
are sacrificed to speed, rapid voyages, and quick 
returns. ‘These properties indicate fine lines fore and 
aft, with narrow beam, and a knife-like prow, which 
destroys the buoyancy of the vessel, and causes her to 
cut through instead of rising on a rolling sea. It is 
true that a fine entrance at the bows, and an equally 
fine run at the stern, is the correct form required for 
high speed in smooth waters, but some modifications 
would appear to be necessary in order successfully to 
encounter the force of a tempestuous sea. Some 
reference to these facts should, in my opinion, enter 
into the calculations of the naval architect; and it 
might be desirable to make some sacrifices as to speed 
and to give a little more buoyancy at the bows, in 
order to meet all the requirements of vessels intended 
for the double purpose of carrying passengers and 
cargo. 

For several years I have endeavoured to impress 
upon the minds of naval architects, and others, the 
necessity of increased strength on the upper decks, 
and the adoption of double bottoms, on the cellular 
construction, for sea-going vessels. I have done this 
from the conviction that those are the weakest parts, 
and that several iron vessels have broken right in two 
from the constant working of alternate strains at 
midships along the line of upper decks. I have also, 
by way of illustration, comparea an iron ship to a 
hollow girder supported at each end and resting on the 
middle, to show the alternate changes to which she 
may be subjected, if stranded or placed in that 
position, and rising and falling on rocks in a heavy 
Exceptions may be taken to that position, and a 
a writer in ENGINEERING states that a vessel 
which has run upon the rocks, is apt to break 
up more from beating herself to pieces than by 
breaking down in the manner of a bridge or girder. 
This is quite true, but 
strength on the upper deck, and the longitudinal 


sea, 


the proposed increase of 





keelsons and double bottoms are the only great security 
for the ship holding together under circwnstances and 
conditions so extremely critical. 

Again, it is supposed that treating a ship as a girder 
does not apply to her rolling in the trough of the sea. 
Probably not, but a vessel well proportioned and well 
balanced in the distribution of the material, will not be 
seriously affected by her rolling motion when, in addi- 
tion to the strengthened deck and double bottom, the 
sides are united by transverse bulkheads—an important 
connexion, and essential to the security of every well- 
constructed ship. 

As regards the London, the impression on my mind 
is that the ship did not founder from any defect in her 
construction—excepting only the insecurity of the 
hatches—but from the hurried manner in which ve 
of this description are sent to sea with their decks 
crowded with coal, hampers, and a variety of articles 
always dangerous and + seme objectionable in vessels 
that are low in the water and liable to ship every suc- 
ceeding sea. If these matters and the upper rigging 
had been properly cared for there would have been no 
broken jibboom to batter to pieces the combings of the 
hatechway, and instead of the London being entombed 
with all on board at the bottom of the Atlantic, she 
would by this time have been well advanced on her 
voyage to Australia. 

I am, Sir, your obedient servant, 
W. Farrparry. 

Manchester, Feb. 12, 1866. 





STEEL AS A MATERIAL FOR SHIP- 
BUILDING. 
To tue Epitor or ENGINEERING. 

Srr,—You have kindly given insertion to my former 
letter, asking your help for the profession of civil 
engineers, in order to obtain for them such a syste- 
matic series of exact facts regarding the power of steel 
to resist compression as well as extension, as should 
enable them to proceed with certainty to the design of 
‘arge structures formed of that material. I now avail 
myself further of your kind offices, to ask, on behalf of 
naval architects and shipbuilders, similar information 
regarding steel as a material which has been often sug- 
gested, and occasionally tried, as a substitute for iron 
m the hulls of iron ships. 

Most of us have already tried the building of steel 
ships, and those who have not done so, have been sorely 
pressed to do so by those who think well of that 
material. I myself am one of those who think well of 
it, but who doubt whether we yet possess data to enable 
us to proceed with certainty to build large floating 
structures, wholly or chiefly composed of steel. 1 was 
told that by using steel plates which had a tensile 
strength of 40 tons to the inch, I should be able to 
build a ship of half the weight of a ship built of iron 
plate having a tensile force of only 20 tons to the 
square inch, and so effect a saving in weight of the 
greatest importance, whether as ‘regards draught of 
water orpower to carry cargo. 

It will be obvious to you that this argument is fal- 
lacious, and I have reason to think that several vessels 
have been built of steel in the belief that this state- 
ment was true, and that a vessel of half the thickness 
of steel would be as strong as another of double the 
thickness of iron. But these vessels have I think dis- 
appointed their builders and owners in several ways 
not anticipated, and such experiments have discour- 
aged the use of steel perhaps unreasonably, for [ am 
prepared to believe that there are cases in which ships 
of steel would be very valuable, provided we had 
sound data on which to construct them with certainty. 

Allow me to call attention to the nature of the fal- 
lacy, that a steel plate }in. thick, may be used as a 
substitute for an iron plate $ in. thick throughout the 
structure of a steel ship. At most, only half of this 
could be true in any case, but in the large point of 
view it is not even half true. The } in. steel plate 
under extension may be a sound substitute for a } in. 
iron plate also under extension, but it is not true that 
as a column under compression, a } in. steel plate 
would be an adequate substitute for a }in. iron plate, 
even if it could carry 40 tons to the square inch, be- 
cause we know that as a column of given length, the 
tin. plate could not support one-fourth the stress of 
a din. column of the same material, if so much; the 
truth being, that the diminution of the thickness of 
plate, while it diminishes the tensile force only as the 
thickness diminishes, reduces its resistance as a 
column as the square of the reduced thickness, or 
even more. 

This, therefore, is at present the formidable obstacle 
to the introduction of steel ships. They will be less 





liable to tear, but more liable to buckle and ecrinple 
than the thicker iron ships, and therefore wheii they 
meet with accidents, or with straizis, they will yield 
and break in a totally different manner from the iron 
ship, and what we want is a series of well considered 
experiments to tell us how, and to what extent steel 
plates of each variety of thickness will buckle and 
crumple under compression. These experiments. will 
be of little value a they are carried out upon such 
sizes and combinations of plates and angle iron as are 
employed in iron shipbuilding. 

The radical distinction between an engineering 
structure, like a railway bridge, and a floating iron 
structure, like a ship, is this: that in the former case 
we need only know the exact measure of resistance of 
steel to tensile force and compressive force respectively, 
and we are at once able to vary the proportions of the 
parts in compression to the parts in extension, in such 
a manner as to give each its proper work to do; but in 
a ship to sail on the high seas, no such distribution or 
proportion is possible, for the reason that no man can 
say from what direction the strain may come which might 
destroy the ship. The raging sea batters the ship with- 
out discrimination of top or bottom, side or end, and 
strikes her indifferently on the starboard bow or the 
port bow, over the poop, or broadside on. Every part 
of a ship has to stand alternately vy oa and 
extension, and must be equally ready for both. 

It remains, therefore, for those who are interested 
in the application of steel, to assist in obtaining a series 
of systematic experiments on the resistance which the 
portions of a steel ship can offer to compression 
rather than to extension, and until that has been 
done, we cannot feel our way secure to give the world 
all the benefit which it might derive from the introduc- 
tion of steel as a substitute for iron in shipbuilding, 
and which its qualities will I think one day yield, after 
the peeled values of each quality of steel have 
been specifically determined. At present the diflicul- 
ties of steel shipbuilding are more formidable than 
those of steel engineering.—I am, Sir, your obedient 
servant, J. Scorr Russet. 








ARMOUR PLATED SHIPS. 


Aw idea is entertained by several eminent authori- 
ties, that the great thickness of modern ships’ armour 
is becoming so formidable an objection, in respect of 
its cost and weight, that it must qseshaliae be 
abandoned, except for protection just above and below 
the water line. This view was, of course, often urged 
upon the first introduction of armour, and it cannot be 
said to have derived any fresh confirmation from recent 
experience. For a very large frigate, carrying 2000 
tons of armour, the cost of the iron is 60,000/., and 
the further cost of planing, fitting, and backing, 
including the adaptation of a ship’s sides and 
frames to receive such a load, brings the whole 
cost up to not far from 100,000/, irrespective of 
the hull, fittings, engines, boilers, masts, yards, 
sails, and armament. But the question of cost is 
not that upon which the discussion of the propriety 
of armour plating turns. The chief objection is that 
of its great weight, thereby preventing the ship from 
carrying as much coal, or as heavy armament as she 
otherwise would; or, if no more coal or armament is 
required to be carried, the weight of armour tells by so 
much against the ship’s speed. But for her armour, 
the Warrior might go otlese a knot or two faster, 
and thus outstrip an enemy. But this is not a sufficient 
view of the case. Armour plating represents a great 
principle in naval construction, and other nations are 
committed to it as well as ourselves. Once let it be 
established that we are wrong in the use of armour, 
and it will be left off, not only from our own ships, but 
from those, also, with which we may have to fight. If we 
then gain a knot or two in speed, so will other ships 
which may yet prove our enemies, and we shall still be 
much upon the same relative footing with them as at 
present. 

lt is true that in every attempt to obtain better 
means of defence, we find that corresponding exertions 
are made to secure superiority for the attack. If we 
protect our own ships against an enemy’s shot, they 
will but protect theirs to the same or a greater extent; 
if we fabricate guns to pierce their armour, they will 
endeavour, perhaps successfully, to obtain equally good 
guns to pierce ours. It is thus that there appears to be 
no chance of our permanently altering the chances of 
naval warfare. What we do, others will do also. But 
we think there are many reasons why we are not 
likely to leave off ships’ armour, and certain rea- 
sons why we are likely to extend it and thicken 
it. With the introduction of armour the improve- 
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ment of guns has been most remarkable. Should 
armour be left off the next step would be to 
enlarge the bore of our guns. With our present 
means of construction we could, without increas- 
ing the weight of our guns, introduce 15 in., 
20 in., and even 30 in. bores, firing shell with compara- 
tively low charges of powder, and one broadside from 
which would cut down an ordinary iron hull to her 
lower deck beams, These shells would be charged 
with segments or scraps of iron, and be made to ex- 
lode on striking, so that each would tear a fearful 
preach through any ordinary hull opposed to it. They 
would probably be charged, too, with inflammable 
compounds, which would render it impossible for any- 
thing to live upon a deck over which they were fired. 
And while we speak of this, we may say that we be- 
lieve one of the next moves in naval construction and 
armament will be the attempt to mount a gun so high 
that, by a plunging fire, it can throw its shells down 
through the decks of an iron-clad ship, scattering 
death below, and possibly tearing through the bottom 
of the hull itself. 

In the employment of armour, we know at present 
that we can successfully resist the most powerful guns 
yet made. We havea considerable amount of evidence 
too, going to show that the resistance of armour 
is as the square of its thickness, so that the resistance 
of a7 in. plate would be doubled by increasing it to 
10in. There are at present very grave doubts whether 
we can go on increasing the strength and penctration 
of our guns in the same proportion as we can increase 
the resistance of armour. If we cannot, the armour 
has the best of it, and we shall be able to send 
ships to sea proof against any and all guns what- 
ever. ‘To the objection against the increased weight of 
heavier armour, we have the resource of making Reaee 
ships. By increasing the length, width, and depth of 
a ship by one-fourth only of its original linear Sue. 
sions, its displacement is nearly doubled, whereas its 
midship section and skin resistance are increased by 
little more than one-half. Ifa ship 400 ft. long, 64 ft. 
wide, and drawing 26 ft., displaced 10,000 tons, one 
500 ft. by 80ft., and drawing 30 ft. 6in., would dis- 
lace 19,531 tons, while, if the former required 1400- 
1orse engines to drive her at a given speed, engines of 
less than 2200 horse power would drive the latter at 
the same speed. It is in the increased size, not 
perhaps within the limits just taken for illustration, 
that we have the power of employing armour of almost 
any thickness whatever. It will not suffice to say that 
such vast ships can never be required, and that we can 
never afford to pay for them. We are constantly 
making changes in the form, size, armour, and armanent 
of our ships of war, which would have been thought 
beyond the bounds of reason even ten or fifteen years 
ago, and we do not know at this moment, what the 
progress and ambition of other nations may compel us 
to do. Did we choose to do so, we could we believe, 
build a fleet of war steamers, each as large as the 
Great Eastern, covered with 12in. plates, and armed 
with forty 600 pounders, and sixty 300 pounders, and 
capable of steaming 18 knots an hour. No other 
nation could as yet do this, but no one can pretend to 
say how soon ships of this class may not be required, 
even under a Gladstone government, never too ready 
to throw away public money. 





NEW RAILWAYS IN THE CITY. 

SEVERAL new and important metropolitan railway 
schemes are now under the investigation of Parlia- 
mentary Committees, who will, if the deposited bills 
stand the severe test of examination according to the 
standing orders, and overcome the opposition of con- 
flicting interests, pass them on to other committees for 
final rejection or approval. It is scarcely to be ex- 
pected or hoped that the five principal projects of the 
present session will all be confirmed by Acts of Parlia- 
ment, which would empower the several companies to 
sppreptiate so much valuable property in the metro- 
polis. City improvements are wanted urgently enough, 
und many of the narrow and crooked lanes might weil 
€ swept away to give place to straight and sufficiently 
broad thoroughfares, but it is to be doubted whether 
such improvements would be efficiently carried out by 
aly company whose object was to construct a railway, 
and not necessarily to form new streets. 

The Mid-London, the City and London-bridge Rail- 
ways, seek to construct new lines, while the London, 
Chatham, and Dover, the Metropolitan, the Metro- 
politan District, and the Great Eastern Railway Com- 
panies, apply for additional powers over more or less 
property, to enable them to complete or extend works 
already in progress, or sanctioned by previous acts, 








The plans deposited by the Mid-London Railway 
Company in November, 1865, have reference to five 
lines, and include a junction with the West London 
Railway at Kensington, and with the Metropolitan, 
and the London, Chatham, and Dover close to tiie new 
meat market at Smithfield, now in course of construc- 
tion. The line terminated by this junction commences 
midway between Hatton-garden and Ely-place, and 
runs beneath the authorised new street from Holborn 
to Farringdon-road. It is worthy of notice that this 
company also applies for powers to form three new 
streets over portions of their lines, but the construe- 
tion of which is not to be compulsory, 

Each street is to be 60 ft. wide, the first extending 
from Bond-street to Hanover-square, the second from 
Broad-street, Bloomsbury, to the western side of 
Lincoln’s-inn Fields, and the third, a continuation of 
the second, from the north-east corner of Lincoln’s-inn 
Fields to Holborn, near the end of Chancery-lane. 

The two last-named streets would, if formed, open 
up a new line of traflic between Holborn and Broad- 
street, Bloomsbury, greatly relieving the former, as 
well as Chancery-lane, 

The City and London-bridge Railway Company 
seeks powers to construct two lines which are to connect 
the existing stations on the south side of the Thames 
with the City. This, like the Mid London, is a low 
level scheme, The first line is to commence in 
Thomas-street, Southwark, crossing under the Lon- 
don and Brighton, and _ the South-Eastern Rail- 
ways, to the river, which it passes in a tunnel, and 
enter the City, near Billingsgate; crossing Thames- 
street, it proceeds up Botolph-lane, across Eastcheap, 
Fenchurch-street, and Lime-street, at an average 
depth of 43 ft. below the surface of the ground, and 
terminate at Leadenhall hide market by a junction 
with the second line, which runs under pH mare 
street and Wormwood-street to its terminus, which is 
to be adjacent to the Liverpool-street station of the 
Metropolitan Railway extension to Tower Hill, 
authorised to be constructed in session 1863-64. 

By two bills, the London, Chatham, and Dover Rail- 
way Company seeks to obtain powers over a large extent 
of property lying between the ‘Thames and Ludgate Hill, 
on the east side of the same company’s station in 
that thoroughfare. Water-lane, Printing House-lane, 
Karl-street, and Union-street, together with several 
other public ways, and the Apothecaries-hall, are 
scheduled under these bills, od would become the 
property of the company if the scheme be sanctioned 
and passed. Itis proposed that three new streets shall 
be formed instead of the various thoroughfares just 
mentioned, which will be destroyed. The first, to take 
the place of Water-lane, is shown on the deposited 
~ to be 37 ft. wide, and 670 ft. long, commencing in 

sudgate-hill, opposite the Old Bailey, and running into 

the new authorised street from the Thames Embank- 
ment to the Mansion House. The second is an exten- 
sion of Union-street, eastward, for a length of 60 ft.; 
and the third, a street of 20 ft. wide and 117 ft. in 
length, commences on the eastern side of Church Entry, 
and terminates by a junction with the street first 
described. 

The Metropolitan Railway Company apply chiefly 
for power over property which is required for the con- 
struction of works either in progress or authorised by 
previous acts, and which has not been scheduled before. 

They also wish permission to stop up the public 
thoroughfare of Little Moorfields, it being intended 
to construct an extension station between Fore-street 
and Union-street, a frontage towards Finsbury Pave- 
ment, for the accommodation of the Metropolitan, 
Great Northern, Great Western, and London, Chat- 
ham, and Dover Railways. 

They likewise schedule additional land at Kensing- 
ton for a deviation of the authorised extension to 
Brompton. 

The Metropolitan District Railway Company apply 
for additional powers over those granted in 1364. in 
the parishes of Garlickhithe, St. Mary-at-hill, St. 
Dunstan’s-in-the-East, and Allhallows, Barking, the 
quantity of land scheduled by them being about 23 
acres. 

The Great Eastern Railway Company only apply for 
prow over 1024 square feet of private property lying 
»etween Dunning’s Alley and Sun-street in the City. 

Altogether these deposited plans of the new railway 
schemes show an area of about 23 acres scheduled 
within the City; but a considerable portion of this has 
already meuntie the hands of different companies 
under previous acts. This amount includes nearly 
84 acres of publie streets, which would be temporarily 
stopped ped restored to their present state, on the 
completion of the work beneath them, In many cases 





the additional value conferred upon a poorer class of 
property, opened up by these lines, will, it is estimated, 
nearly pay for their cost. 
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The Engineer's, Architect's, and Contractor's Pocket-Book for 
the year 1866, Lockxwoop and Co. 

Tuts is a continuation of the series of annual pocket- 
books so long published by the late Mr. Weale. The 
present edition contains fewer of the miscellaneous 
** papers” which were obtruded in former editions, and 
it is we may say, & most valuable work, But we 
may just observe, beginning at the beginning, that 
the events of which the dates are given in the 
general calendar,” are mostly of no interest what- 
ever, either to engineers, architects, or contractors. 
They are clearly from a French biographical dictionary. 
The article upon the failure of the Atlantic Telegraph, 

ives no hint of the ultimate reason why the cable was 
ost, for this was not that a fault had been found in the 
nortion payed out, but that the haloes gear was 
Fefective. But one or two points of this kind do not 
alter the real value of the principal contents of the book. 
In some places the experimental data given for engines 
and boilers might have been taken from more recent 
practice, but on the whole no considerable complaint 
can be made, There is, at any rate, enough that is 
indisputably good, to atone for far more serious 
defects than we have pointed out, 











The Builder's and Contractor's Price Book for 1866, Locx- 

woop and Oo, 

Mr. Burnett, the editor of the present edition of 
this well-known work, states that he has revised it in 
conformity with the present scale of prices for day 
work, and he has revised and altered many of the de- 
tailed prices of carpenters’ and joiners’ work, masons’ 
work, gasfitters’ work, ironmongery, &c. Many thou- 
sands of prices are given, and from the experience of 
the editor, these can no doubt be referred to with 
confidence, and with great assistance in framing esti- 
mates. 








Frencu Sreamsuie Buritpinc,—The steamship Panama, 
built at St. Nazaire for the Transatlantic service, has just made 
her last trial trip previous to her undertaking her first voyage 
to New York. Her average speed, with a contrary wind and 
heavy sea, was above 13 knots an hour. ‘Ihe speed required for 
a steam vessel carrying the mails to Mexico is 12} knots, and 
to New York 13 knots an hour; the Panaina consequently per- 
formed more than the Postmaster-General requires. She is a 
paddlewheel steamer, and her engines manufactured at the 
Creuzat, are nominally of 800 horse power. Her hull is 315 ft. 
long, 40 ft. beam, and 28 ft. deep, She is distinguished from all 
other packet ships built in France by a large «dining-room on 
her deck, measuring 80 ft. in length, lighted by 28 lateral win- 
dows, and capable a accommodating 200 gnests, This saloon, 
sufficiently ventilated, is considered to be a fortunate innovation 
for travellers navigating a hot climate The Panama is the 
fourth of six steam vessels to be constructed at St, Nazaire, for 
the Transatlantic service, under the inspection of an engineer 
of the Imperial navy. 

Cornish Pumpina Excryrs.—The average duty of 81 
Cornish pumping engines, of which the performances were 
reported in December, was 50,900,000 Ib, raised 1 ft. high b 
112 Ib, of coal, Putting this: into horse power per hour, it is 
equal to 4.86 lb. of coal per effective (not indicated) horse 
power per hour. In point of economy of fuel the Cornish 
engines have for some time been sur by many large 
marine engines, and by several varieties of land engines. 

Puncuina Wasuers.—Washers may bo very saaitly 
punched by using double punches and dies fixed in an ordinary 
punching machine, They should be placed side by side at a 
distance apart from centre to centre rather greater than the 
diameter of the washer, One of the punches should be rather 
longer than the other, and should be of the right diameter for 
forming the hole in the washer; the other should be of the 
diameter of the washer itself, and should have a rounded pro- 
jection in the centre fitting the hole made by the first punch. 
The bars from which the washers are to be formed: are passed 
into the machine from the side at which the smaller punch is 
fixed, and the central hole in the washer is thus first formed, 
and then, as the bar is passed onward, the washer itself is 
punched out, The projection in the centre of the second punch 
should be of such length that as the bar is advanced it enters 
into the hole made by the first punch before that punch makes a 
second hole, and it thus prevents the bar from being pushed 
forward too far, and avoids the waste of material between each 
washer. 

PortaBLe Encrnes.—It will be seen, on reference to our 
advertising columns, that the reduction of price of Messrs. 
Clayton, Shuttleworth, and Co.’s portable engines, to which we 
referred last week, has now been made, Without going into 
details, we may say that the reduction is considerable, and that 
with the present competition in the portable engine trade, it 
will seriously tax the resources of many makers to meet it. 
Messrs, Clayton, Shuttleworth and Co, have by far the largest 
works of their kind in existence, and their machinery and plant 
have been brought to the highest degree of efficiency for their 
special manufactures, 
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GAS RETORTS. 

Mr. Ronert M. Curistix was the first gas engineer in 
London to substitute clay retorts exclusively in place of iron. 
This was at the Commercial Gasworks, and the step was taken 
at a time when there were many doubts as to the fitness of clay for 
retorts. Not but that this had been already proved in the North; 
for the late Mr. J. B. Neilson, of hot-blast fame, had worked 
clay retorts successfully at the Glasgow Gasworks, and he is 
understood to have been the first engineer who thus applied 
them. It was thought, however, for years afterwards, that 
clay retorts cracked and leaked, and it was urged that they 
lasted no longer than iron, and that they required more coke in 
firing. The contrary of all this has been proved, and (worked 
with exhausters), clay retorts are now found to last three times 
as long as iron retorts, and to require less coke in firing. 
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We give from one of Mr. Christie's drawings, the sctting of a 
bench of seven retorts 18 ft. Gin. long, including the mouth- 
pieces. Four of the retorts are circular, 15in. in internal 
diameter, and three are oval and measure 15 in. by 21 in. The 
benches are 9ft. from centre to centre, the partition walls 
being 18 in. thick. The arches measure 7 ft. 6 in. high inside 
above the floor, and have 2ft. of brickwork over them, The 
firegrates it will be seen, are remarkably small, measuring 
74in. wide, and 2ft. 8in. long. The retorts will be seen 
bedded in their cross walls, the heat entering each compart- 
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ment through preper openings in the crown of the furnace, 
and afterwards descending into the side flues at the bottom 
through openings not shown in the section, The opening to the 
Sue depends wholly — the height of the chimney. The 
general arrangement shown is that introduced by Mr. Christie 
some years ago, and it has since been extensively adopted in 
gasworks in London and in the country. 





TriaL or tne Lorp Ciype.—On Tuesday last the Lord 
Clyde tested her engines and machinery at the measured mile 
outside Plymouth breakwater. She is an iron-clad vessel, built 
at Pembroke, from the designs of Mr. E. J. Reed, the Chief 
Constructor of the Navy, and is 280 ft. long, 58 ft. 9 in. broad, 
and 4067 tons burden. Her engines, which were made by 
Messrs. Ravenhill, Hodgson, and Co., are of 1000 horse power 
nominal, and are capable of exerting an indicated power of 6000 
horses. The boilers have 700 square feet of grate surface, and 
19,000 square feet of heating surface. At the trial the Lord 
Clyde drew 22 {t. 7iv. forward, and 25ft. J4in. aft, and the 
mean speed attained during six runs was 13.312 knots, and with 
half power, 11.565 knots. Themaximum number of revolutions 
when working at full power, was 58}, and the average 58 per 
minute. At half power, the numbers were 48 and 474 respec- 
tively. The ship went round the circle in 5 min. 20 sec., the 
diameter being 526 yards. 

Fire Curay Goops.—In a recent circular, Messrs. Christie 
and Co, of 64, Bankside, S.E., quote the following prices for 
firebricks, per thousand:—Newcastle 80s., Stourbridge 110s., 
Stourbridge of superior quality for furnaces 140s, Wortley 
105s., Welsh Dinas for furnaces 110s., and red! Welsh 85s. 
The Newcastle fire clay is 25s. per ton, and the Stourbridge and 
Wortley clay each 32s. per tou. Circular clay retorts of 15 in. 
diameter, of the different kinds of clay, are 7s. 6d per foot; 
oval retorts, 15 in. by 21 in., 8s. per foot. 

Hoists For CuroLas.—At the Messrs. Grissell’s works in the 
Eagle Wharf-road, some very simple hydraulic hoists are in use 
for raising the materials to the firing stages of the cupolas. 
hey each consist of a small iron table, raised by a ram 64 in. in 
diameter, and guided by a frame of angle-irons. The pumps by 
which the water is supplied to the hydraulic cylinder, are 
worked by a belt from the shafting of the shops. They are 
fitted with a cock placed upon their suction pipe, and another 
cock is placed upon the discharge pipe leading from the 


| hydraulic cylinder to the tank from which the water is 


drawn, When it is desired to raise the lift, the cock on the 
discharge pipe is closed, and that on the suction pipe opened 
by one motion of a lever. On the arrival of the lift at the 
proper height, a projection on the table strikes a lever, 
und closes the cock on the suction pipe, and the cock on the dis- 








| charge pipe still remaining closed, the table is supported in its 

| position, , When it is desired to lower the lift, the lever, which 
| we have already mentioned, is merely pushed a little farther 

| over, when the cock on the discharge pipe is opened, and the 
water being released, the table descends by its own weight. In 

| case of accident to the cock gear, the table is prevented from 

| rising too high by a hole being formed through the lower end of 
the ram, so that when this rises above the packing of the 
cylinder it allows the water to escape as rapidly as it is pumped 
in. The hoists will raise about 2 tons each, and were designed 
by Mr. John Ives, the head foreman of the works. 

Tue Norrn-Wesrern Rarway.—During the last half 
year of 1865, the London and North Western Railway earned 
upwards of 3,000,000/, and carried more than 10,000,000 

passengers, and 7,000,000 tons of goods and coal. 











A Barometer.—In one of the engine rooms of the Royal 
Carriage Factory, at Woolwich Arsenal, is a barometer, by 
Negretti and Zambra, on which the steam and mercury pres- 
sures are marked on opposite sides of the scale. For some 
reason, we cannot pretend to say why, each pound of steam or 
atmospheric pressure corresponds exactly to 2 in. of mercury; a 
division different from what one expects in a carefully made 
philosophical intrument. 

Tue Ricuarps InpicaTor.—Messrs. Elliott Brothers have 
manufactured and sold upwards of 500 of the improved indicators 
introduced into this country by Mr. Charles T. Porter, of New 
York, and known as the Richards Indicator. ‘They are 
generally preferred for high speed engines, and are indeed ex- 
cellent at all speeds. 

Circutar Ro.iiwG.—Mr. Bramwell has once or twice 
brought forward the important subject of rolling all bar iron in 
circular hoops, thus saving the labour of lifting the bars back 
over the rolls. The hoops would afterwards be cut open and 
laid out as straight bars. Another advantage is alleged to be 
the saving of crop ends. 

Tue Mutrirarious Puncninc Macnuine.—The London 
Engineering and Iron Shipbuilding Company have for some time 
had in course of construction a punching machine, the second 
made upon the plans of the Jacquard machine of the late Mr. 
Roberts. The first, made by Mr. Roberts for the Conway Bridge 
plates, is now at the Canada Works, Birkenhead. 

Iron Rateway Carniaces.—We believe that the first iron 
railway carriages constructed, were those designed by Mr. 
Brunel for the Great Western Railway, about the year 1842. 
In these carriages not only the lower frames, but the body 
frames and panels also, were of iron. Their construction was, 
however such, that the various parts soon became loose. 
Some very good iron framed carriages were constructed for the 
Great Eastern, then the Eastern Counties lines, by Mr, John V. 
Gooch, about fourteen years ago. These carriages are still 
ranning, and we believe the frames have never required any 
repairs of any consequence. Some covered goods waggons, 
with frames and panels of iron, were also built for the Eastern 
Counties about the same time as the carriages we have men- 
tioned. The South Eastern Railway Company are using frames 
partly of iron for some of their recently constructed carriages. 

RattwaYy THroven THe Hetvetric Avrs.—The Italian 
commission of inquiry have alrost unanimously decided that 
the railway between Italy and Switzerland, shall take the route 
of Mount St. Gothard. No appropriation has been made for 
that by the Lukmanier. 

Iron 1n France.—The quantity of iron castings imported 
into France was four times greater in 1865 than in 1863, and 
the quantity exported more than six times greater. The im- 
ports and exports of pig iron and plates have not greatly 
altered during that time The whole importations are some- 
what in excess of the exportations. 

Raitway Trarrics.—The traffic receipts of the railways 
of the United Kingdom for the week ending February 3, 
amounted to 633,2551, being an increase of 62,225/., or more 
than 10 per cent. upon the receipts for the corresponding week 
of 1865. 

SrrikeE or Encineers at Huit.—A strike is expected 
amongst the enginners employed at Hull, as the masters are 
not inclined to comply with a demand which has been made 
for an increase of wages of 3s. per week. 

Tur Monarcu.—The new double turret ship, Monarch, to 
be immediately commenced at Chatham from Mr. Reed’s designs, 
will have armour on her sides of a maximum thickness of 7 in., 
with armour nearly 12 in. thick upon her turrets. Her side 
armour will reach 15 ft. above, and 5 ft. below the water line. 
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RAILWAY BUILDINGS. 


Tue buildings necessary for conducting the business 
of a line of railway may be divided into three classes. 
The first class will include the passenger and goods 
stations, with the offices connected with them; the 
second, the sheds for the accommodation of the run- 
ning engines, with the accompanying turntables, coke 
stages, &c.; and the third class the workshops in 
which the construction and repairs of the rolling stock 
and some of the work connected with the maintenance 
of the fixed plant of the line are carried on. Each of 
these classes may of course be divided into several im- 
portant sub-divisions. 

On Tuesday last a paper was read by Mr. William 
Humber before the Institution of Civil Engineers, upon 
the principles which should be observed in designing 
and arranging the buildings which we have enumerated, 
and in the course of this paper a number of executed 
works were described. With reference to stations for 
the accommodation of passenger traffic, it was consi- 
dered by the author “ that at terminal, terminal-interme- 
“ diate, and junction stations the through and the local 
“ traffic should be kept distinct; that excursion traffic 
“ should not be allowed to interfere with the regular 
“* hooking offices, either for through or local trains; 
“ that the platforms for the through traffic at terminal 
“ and junction stations should be at least 30 ft. wide, 
“ and for the local traffic, docks, with separate lines of 
“ rails, could, if desired, be taken out of the extreme 
“ ends of these platforms, as at King’s-cross; that the 
“in and out parcels offices should be at the ends of 
“the platforms furthest from the passenger and car- 
“riage entrances, as at King’s-cross and at Padding- 
“ton; that the position of the left luggage and cloak 
“yooms at Paddington had been found to be conve- 
“ nient ; that all closets, &c., should be well ventilated, 
“ and be designed to perform the maximum of work 
“ with the minimum of water, closets being arranged 
“ to flush both on the opening and the closing of the 
“ doors, and glazed basins being preferable to slate for 
“ urinals; and that lavatories should be provided at 
“all terminal and junction stations, as at Perth, even 
“ if a small charge were made for their use, which was 
“ not however the case in the instance cited.” 

The New-street Station isa good example of what is 
termed by Mr. Humber a “ terminal-intermediate ” 
station. It is situated ina cutting formed on the side 
of a hill, so that at one side of the station the platforms 
are nearly on a level with the adjacent streets, whilst 
on the other they are considerably below that level. 
The station is covered by a very fine roof, 864 ft. long, 
and made in a single span, varying from 211 ft. to 
191 ft. to suit the shape of the ground occupied by the 
station. This roof covers four platforms, ten lines of 
railway and a carriage road, access to the platforms 
being given by stairs leading from a foot bridge which 
is carried right across the station at about the middle 
of its length. The refreshment rooms and all the 
principal offices are situated on the high side of the 
station, some being on the same level as the platforms, 
and some on the level of the streets on the high side of 
the station. The various lines lead into tunnels at each 
end of the station, one of these being so close that the 
points for parting the trains are within the mouth of it. 

The arrangement of the booking offices is a matter 
of considerable importance where a large passenger 
traffic has to be carried on. Two plans are in general 
use: according to one the offices are arranged along the 
departure platforms, and according to the other they 
are po across the ends of the platforms at right 
angles to the lines of rail. At the Victoria Station at 
Pimlico both plans are in use, the former being adopted 
for the London, Chatham, and Dover, and the latter for 
the Brighton traffic. At the London Bridge station 
both systems are also in use. At the Euston station 
the booking offices are on each side of a central hall 
which is between the two departure platforms. The 
booking offices should in all cases be arranged so that 
the passengers after obtaining their tickets can at once 
proceed to their train without interfering with other 
passengers going in another direction. Generally 
speaking we think that, with such traffic as is now 
worked from most of our metropolitan stations, this 
result can be best obtained by the transverse arrange- 
ment of booking offices, and there are many cases, as 
for instance at the Fenchurch-street and Charing- 
cross stations, in which this system works well. The 
plan is however, only applicable to terminal stations, 
and, as stated by Mr. Humber, it cannot be used with 
advantage unless the frontage is sufficiently great to 
allow of the several booking-offices being distinct and 
opposite their respective platforms. 

When stations are provided with long departure 





platforms, advantage is frequently taken of this 
circumstance to prepare two trains, one behind the 
other, at the same time. In such cases confusion 
can be more readily avoided if the booking offices are 
at the side than if they are at the end of the platform, 
as the platform ma be completely divided into two 
lengths by a movable barrier placed across it between 
the two trains, two sets of lading and lug offices 
being supposed. At intermediate stations, we think 
that the name of the station should be more 
clearly shown than is now. generally done. . On 
the Great Eastern Railway, me we believe, on some 
other lines, name plates made of glazed iron plates, 
such as have been used for many of the London streets, 
are now being applied, and these being washed by 
every shower of rain, are much more distinct than the 
painted boards formerly employed. Indeed, they can 
at = times, and particularly at night, be seen more 
easily. 

Goal stations may be united with, or form part of, 
passenger stations, or, as is better, except in the case 
of small stations, they may be entirely distinct. They 
should be placed so that the goods trains can be run 
directly into them without being uncoupled, and accom- 
modation should be provided for making up the 
departing trains without interfering with the traffic 
upon the main line. They should also be placed so 
that they are easily accessible to road vehicles. They 
ought to have separate arrival and departure platforms, 
and these should be well furnished with the cranes and 
other appliances necessary for the rapid handling of 
— he mineral and general goods traffic should 

kept distinct from each other whenever it is possible 
to do so, sorting sidings being provided for both. 
Goods yards should always be formed upon a level, and 
arrangements for shunting without the use of engines 
should be provided. Generally. horse-power is em- 
ployed, but the system employed at the Camden and 
some other goods stations appears to be preferable. 
At Camden a number of small capstans, driven by 
shafting, are provided, and the trucks are moved by 
attaching a rope and taking a turn with it round one 
of the capstans. Hydraulic machinery is also em- 
ployed at some of the large goods stations, both for 
working the hoists and cranes, and for shunting pur- 
poses, with excellent results. 

The goods station of the Great Northern Railway at 
King’s-cross was described by Mr. Humber in his 
paper. ‘This station includes goods warehouses, coal 
depéts and wharves, potato stores, engine shed, re- 
pairing shed, stores and stables. A goods warehouse 
and circular engine shed belonging to the Midland 
Railway, are also situated on one side of the station. 
This station has great facilities for the rapid working 
of a heavy goods traffic. The Great Northern goods 
shed, which is nearly in the centre of the yard, covers 
fourteen lines of rails, as well as a platform on each side 
and space outside these platforms for the vans used in 
collecting and distributing the goods. The platform 
on the east side, with the line next to it, is used for un- 
loading the trucks with the inwards goods; and that 
on the west side with its adjoining line for loading the 
goods to be sent out. The lines next those justmentioned 
are used for the arrival goods trains, and for the empty 
trucks and making up trains for departure respectively. 
The trucks, after being unloaded upon the arrival side, 
are taken across the station by means of turntables and 
cross roads to the departure side, where they are 
loaded and despatched as required. Hydraulic power 
is employed for working the cranes, and the whole of 
the handling of the goods is performed under cover. 
The stables are arranged under the platforms, so as to 
economise space. The granary, which is at the south 
end of the goods shed, is approached by two lines run- 
ning through the centre of that shed. Two other 
lines, one on each side of those just mentioned are 
reserved for full trucks, and the empty trucks are: re- 
moved by two lines, one on each outer side of the 
goods shed. The Regent’s Canal affords water com- 
munication to the granary and goods shed, and lighters 
are thus enabled to receive their contents from, or dis- 
charge them into, these buildings. A coal and stone 
wharf is also connected with the canal, as well as 
several private wharves for bricks, &c. The coal depdts 
and staiths are on the west side of the goods shed. 

The sheds for the accommodation of the running 
engines should be so arranged that the engines can be 
readily got out and in, and they should be spacious 
and well lighted and ventilated. The turntables should 
be so placed that they are readily accessible, and the 
sheds should be provided with hydrants supplied with 
abundance of water at a good pressure for washing out 
the boilers. The best position for the coke stages and 
water cranes is on both sides of the lines leading from 


and to the sheds. Mr. Humber considers, and justly, 
that shears and overhead traversers are far superior to 
jacks for lifting the engines. In a running shed, how- 
ever, an overhead traverser is scarcely required, but 
shear legs, with tackle for lifting one end of an engine, 
are extremely useful. If made of timber, several of 
these can be erected at the cost of a single traverser 
with its accompanying rails. The engine pits should 
be well saeal and drained, and should not 
made too deep, a depth of 1 ft. Gin. or 1 ft. 9in. 
is quite sufficient. Pits for drawing fires and 
other dirty work should be provided outside the run- 
ning shed, and there should be ample covered accommo- 
dation for all the engines working from the station, a 
covered shed being provided for the engines standing 
in steam. Some means of drying sand should be pro- 
vided ; in cases where there are coke ovens, the waste 
heat from these can be employed with advantage. It 
was considered by Mr. Humber that the running 
sheds and repairing shops should “be adjacent to 
“ terminal, terminal intermediate, and junction stations 
“ to avoid ‘dead’ mileage, and that the best situation 
“was possibly between the passenger and goods sta- 
“ tions.” -It is no doubt important that the running 
sheds should be so placed, but we think that greater 
latitude may be given to the situations of the repair- 
ing shops. The practice of the principal railway com- 
panies now is to concentrate the work as much as pos- 
sible in one large establishment, such for instance as 
those at Crewe, Doncaster, Swindon, Ashford, and 
Stratford ; and in fixing upon the situation of such 
works, the healthiness of the neighbourhood and the 
accommodation which it affords to the workmen should 
be considered, as well as its»accessibility from the 
various parts of the line to which the works belong. 

Locomotive running sheds are generally constructed 
on one of three plans—the circular, the rectangular, 
or the radial or fan-shaped. They are, also, some- 
times made semi-circular. In such cases, a portion 
only of the radius is roofed over, the shed being 
formed at some little distance from the central table. 
Rectangular sheds have been arranged in many ways, 
and, amongst others, a series of buildings placed side 
by side a each slanting towards the main line, have 
been adopted. An idea of the arrangement may be 
obtained by upsetting a pile of books upon a table, 
when the surface of the table will represent the main 
line, and the books the series of sheds sloping towards 
it. Sheds of this kind were, we believe, erected by 
Messrs. Winans for one of the Russian railways. 
The sheds of the Great Northern Railway, at — 
Cross, are, as we have already stated, near the goods 
shed. They, as well as the repairing and carriage 
sheds, are arranged on the radiating or fan-shaped 
system. ‘here are, at the extremity of the fan, 
eleven lines in “the repairing shed, with shops 
“in the rear, seven lines on the south in the loco- 
“motive painting shed, and seven on the north 
“in the carriage shops, the running shed is placed 
“in the centre of the fan in front of the repair- 
“ing shed, with which it communicates by means 
“of a through line, connected with the repairing 
“shed by means of a traverser.” At Stewart’s-lane 
the London, Chatham, and Dover have a semicircular 
running shed, struck with a radius of 150 ft., the 
turntable being in the centre. “Only the outside 
“50-ft. are covered, and in this building. there are 
“ twenty-one stalls for engines and tenders. The turn- 
“table is not covered, nor the forty roads radiating 
“from it, each of which is sufficient for an engine 
“with its tender. It is connected with the main 
“line by three separate lines. The disadvantage of 
“this arrangement was, that should the turntable get 
“out of order, all the engines then in the shed would 
“be penned up until the defect was remedied. At the 
“back of the running shed is a reo shop, with 
“smithy, engine and boiler house, &e.” The disadvan- 
tage of an accident to the turn-table blocking up the 
engines is one which is common to all circular 
sheds if they are alone used to contain the engines. 
On the Great Eastern Railway, at Stratford, a circular 
or rather a polygonal engine-house is used in conjunction 
with a rectangular one. The greater number of the 
engines are accommodated in the rectangular portion of 
the shed, the radial lines leading from the central table 
of the polygon being partly used for engines under 
repair. The engines are generally taken out of the 
shed across the table, as the coke stage and water crane 
adjoin the polygon, but they can be taken from the 
ster end of the shed if necessary. 

At Gateshead the North-Eastern Railway Company 
have a rectangular shed containing five turntables 42 ft. 
in diameter. The tables are arranged in two rows, 





three in one row and two in the other; each table 
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having sixteen radial lines in addition to those forming 

rts of the two lines passing through the shed. The 
fuilding is covered by a roof of five spans, the three 
central spans being 65 ft. and the two side spans 42 ft. 
6 in. in width. ‘The roof is supported upon cast-iron 
columns placed in the spaces between the pits. <A 
considerable saving in the extent of walling is effected 
by this arrangement as compared with that required 
for a number of independent circular sheds, and the 
construction of the roof is also more simple. In a 
recent number of this journal we give an account 
of some roofs on the suspension principle which had 
heen proposed in France. It seems probable that this 
deseription of roof might be employed with advan- 
tage for covering choter engine sheds, the central 
mast being replaced by a number of supports sloping 
inwards from around the central table. ‘This arrange- 
ment of supports has been already used in America ; 
and a sal carried by a central mast has been 
constructed by Messrs. Ordish and Lefeuvre over the 
platform, 90 ft. in diameter, at the Anerley Gardens. 

Of the workshops for the construction and repair of 
rolling stock, Mr. Humber says :—* The principal 
“workshops should be situated where labour and 
“materials could be most cheaply and easily obtained ; 
“and they should be so arranged as to avoid unneces- 
“ sary handling and shifting of materials, the aim being 
“ to let the raw material enter at one end, pass through 
* its various stages, from one machine to another, until 
“it came out in a finished state at the other end.” 
In the case of most of our older railways, the principal 
workshops have been built gradually, additions having 
been ae from time to time, and they are, therefore, 
scarcely examples of good arrangement. Some fine 
railway shops have, however, been erected during the 
last few years, and amongst them the new works of the 
London and South-Western Railway Company at Nine 
Elms, and those of the London, Chatham, and Dover 
Company at Stewart’s-lane. The workshops of some of 
the manufacturers of rolling stock are x mA excellent 
examples of arrangement, and amongst these may be 
mentioned the locomotive shops of Messrs. Beyer and 
Peacock at Gorton, and Messrs. Neilson’s and Messrs. 
Dubs and Co.’s works at Glasgow, and also the 
Britannia Carriage Works at Birmingham, belonging 
to Messrs. Brown, Marshall and Co. The workshops 
of the Metropolitan Railway are good examples of 
what can be done in a confined space, the shops being 
in this arran parallel to the line, and connected 
with it by end traversers. 


THE GAS SUPPLY OF PARIS. 


Ox the 14th inst., an excellent paper was read by 
Mr. George R. Burnell, “ On the Gas Supply of Paris.” 
The formation of the gigantic company by which Paris 
is now supplied with gas, appears to have originated 
from a suggestion made by the Government in 1852 to 
the six gas companies then existing, first that a pro- 
posal for their union would be received with pleasure, 
and then that their application for a prolongation of 
their concession, which would terminate in 1868, 
might be entertained, upon conditions which should 
he determined, The arrangement ultimately made 
was as follows; The companies were united, and a 
concession was granted to them for lighting Paris. 
Three of the manufactories in the interior of 
Paris were to be removed, a new gas station being 
erected at La Villette; aud the arrangement of the 
mains and supply pipes was to be sy so that 
they might be capable of satisfying the probable future 
demand upon them, The company agreed to pay the 
sum of 8000/, to the city for the privilege of laying 
their pipes, and also to pay two centimes - metre 
cube equal to about 54d per 1000 cubic feet, as a 
compensation for the océrot dues; and after the first 
sixteen years all the excess of the profits of working 
above 10 per cent. was to be shared with the municipality 
of Paris. The expiration of the lease was fixed at the 
Ist January, 1906, when all the material and plant em- 
ployed, ora with the land and buildings devoted to 
the manufacture were to remain the property of the 
company. In the mean time the company was bound 
to alter the position of their mains, whenever such a 
course was rendered necessary by the city requiring 
to execute works connected with the water supply, 
or sewerage, and they were also, if required, to remove 
their pipes into any subway which the city might 
construct, without raising any claim for compensation. 

The terms upon which the company has to supply 
gas are given by Mr, Burnell as Siawee 





“ There are three seta of flames, that are respectively 2} in. 
wide by 1}in. high, which is paid per hour, 0,015f.; 2§ in. wide 
by i} in. high, which is paid per hour, 0.021£; and 3,4, in. wide 


by lis in. high, which is paid per hour, 0.030f, When the gas 
in sold to the town by metre, it is paid for at the rate of 0.15f. 
the metre cube, or about 3s. 4}d. per 1000 cubic feet; the 
company is obliged to fix, paint, and repair the lamp posts and 
pave xm Fag but the town furnishes them, For private con- 
sumption, the company was entitled to charge for the gas sup- 
plied at the rate o! 0.308. per metre cube, or about 6s. 89d. the 
1000 cubic feet, upon agreement of three mouths’ date, termin- 
able at the option of either party; but the parties so receiving 
the gas cannot employ it without the production of the certifi- 
cate of the person employed by the town to examine (and who 
exercises the right of approving) the fittings and other appa- 
ratus. The company is at liberty to modify the terms of pay- 
ment, in this sense, that it is allowed to receive the payment in 
monthly sums, but this must be on the condition of its being 
paid in advance, No subscription whatever can be refused by 
the company, provided the demand be drawn up in accordance 
with the model that is approved by the municipality. The 
company is at liberty also to charge at so much per hour, or by 
the metre. A model of each set or series of metres is deposited 
at the town hall, and every metre must correspond with the 
details of these; they are bound to be verified as often as the 
administration may require. All expenses attending these 
metres are at the cost of the consumer, whether in the first place 
or in the subsequent maintenance of them ; practically, they all 
come from the stores of the gas company, It is to be observed 
that the gas company is not bound to deliver gas to the private 
consumer at other periods than those in which the mains would 
be under charge for town lighting. 

“ The quality of the gas is provided to be such, that a lamp 
of the first series mentioned, which would consume 100 Jitres 
per hour, should give a light equal to 0.77 of a carcel lamp 
burning 42 grammes of rape oil in the hour; for the lights of 
the second category, burning 140 litres an hour, the light is to 
be equal to 1.10 of that above given ; and for the Jights consum- 
ing 200 litres in the hour, it is provided that they shall yield 
1.72 of the light of a carcel lamp as described. It may be stated 
that this standard corresponds very nearly with the English one, 
of what we should call seven sperm candle gas.” 

The company is bound to introduce, under condi- 
tions to be fixed by the municipality, any new system 
of lighting which may be discovered during the fifty 
years for which the lease is granted, the municipality 
reserving to itself the right to grant a fresh concession 
for the application of such new system, without being 
bound to pay any compensation to the present com- 
any; & sum estimated at 80,000/. would, however, 
1ave to be paid for the mains, cocks, valves, &c., if the 
concession was withdrawn from the company. 

The coal used in Paris for gas making is principally 
obtained from the north of France and from Belgium, 
a little cannel being introduced to raise the illumina- 
ting power when required. According to the particu- 
lars published by the company before the treaty was 
signed, the average yield of this coal per hectolitre, is 
about 22.94 cubic metres of gas; 31.11 kilogrammes 
of large coke; 12.07 kilogrammes of breeze; 4.50 
kilogrammes of tar and ammoniacal liquor of the 
value of 0.036 francs. The company has to exercise 
great care in purifying the gas from the ammonia 
compounds, which are present in the coal in consider- 
able quantities, their treaty binding them to use the 
best means for the purpose. The capital invested by 
the company consists of a share capital of 4,000,000 
francs, and of bonds to the amount of 20,000,000 
francs, making the total sum about 4,160,000/. The 
dividends of the company have always been good, the 
last distribution of profits being at the rate of 19 per 
cent. whilst the average appears to have been 16 per 
cent, 

Tn addition to Paris proper, the company has also 
lately undertaken to supply some of the external vil- 
lages, amongst them Romainville, Pateaux, Charville, 
and several others. These form the subject of a sepa- 
rate treaty. The rates charged for the supply of gas 
to these communes is : 

“For the public lamps, 20 centimes per metre cube, or about 
4s. 34d. per 1000 ft. o. ; for the private lighting, 40 centimes per 
metre cube, or 83, 7d, per 1000; upon a descending seale that 
may reach, a, Gs. 8$d. per 1000, in proportion to the con- 
sumption. The high price that is agreed to be paid for this 
service may be explained by the length of main that is unpro- 
ductive to the company in these cases ; but it certainly seems to 
be exorbitant, when the freedom of the gas from octroi is eon- 
sidered, 

In all cases the company is bound to conduet the 
gas to the front entrance of the subscriber’s house, the 
subscriber paying the cost of branching from the main 
and leading to the meter. With reference to the 
general working of the Paris system, Mr. Burnell 
Says : 

It may be remarked that the system of regarding the supply 
of the gus consumed in Paris as a municipal service, has en- 
tailed upon the private consumers the necessity of paying a 
higher price far the gus that they consume than they would 
naturally do if the service were left to be regulated by the 
ardinary rules of trade. The municipality, in the exercise of its 
rights over the surface of the roadway in fact, has only consented 
to grant the monopoly of the gas supply to the company, on the 
condition of their supplying the public lamps at reduced rates, 
and of sharing in the profits of the concern after it has been es- 
tablished such a time as is sufficient to relieve it from any chance 
of failure. It is true that, in this manner, the town authorities 








will be enabled to devote a partion of the profits arising 
from the sale of gas to the relief of the other taxation of 
the town; but this is only an indirect way of making the 
consumers of gas pay for the water, paving, or other municipal 
services; and it is — as the control of those services 
can never be efficiently performed so long as the total expenses 
of them are not distinctly brought under discussion. The worst 
of this system is, that the price of gas can hardly ever be re- 
duced, as the municipality 1s directly interested in the main- 
tenance of the rate of profit. The precautions then taken to 
ensure the delivery and the quality of the gas are, therefore, 
quite illusory, and they seem to be intended rather to lull the 
suspicions of the consumer than to exercise any real influence 
upon the operations of the company, for so long as the quality of 
the gas is equal to the average quality that is distributed in the 
French towns, there is no probability that much fault would be 
found with it, let it be ever so bad. 


The gas supplied at present is rather inferior in 
illuminating power to the London gas, and a great 
amount of the ammonia compounds may be found in it. 
A complete system for the control and superintendence 
of the public and private lighting has been organised 
by the town authorities. Twenty-one persons at 
salaries of from 200/, to 48/, per annum are constantly 
engaged in testing the gas, and there are also 130 
inspectors of public lighting at salaries of from 200/. 
to 48/. a year, and 32 mspectors of private lighting who 
are paid from 240/, to 40/. per annum ; the total sum 
voted in the city budget for the above mentioned 
salaries being 14,140/. There are altogether ten gas 
stations in Paris, of these the largest is that at La 
Villette, which — about one-third of the whole 
gas cousumed; the manufactories at Passy and 
Vaugirard furnish about another third, and the re- 
mainder is made at the stations at Les Ternes, Ivry, 
Chartronne and Belleville, and those in the communes 
of St. Denis, Boulogne and Charenton. The positions 
of the stations have been so chosen that they are 
mostly situated upon a circle whose radius is about 
equal to the distance of the station at La Villette from 
the chureh of St. Eustache, this latter point being about 
the centre of consumption. 

The gasworks at La Villette are situated on the ex- 
treme verge of the city, and are immediately upon the 
canal by which the products of the northern coal fields 
are brought to Paris; it is also traversed by the Nor- 
thern, the Eastern, and the Central Railways. The 
coal stores are bound by the terms of the concession 
to be large enough to contain two months’ stores, and 
they, together with the coke stores, the retort houses, 
and the purifiers, are situated upon the north side of 
the Chemin de Ceinture, whilst the gasholders are 
upon the south-western side of that line. The build- 
ing in which the conversion of the waste products is 
carried on is situated towards the north-west of the 
retort house, from which it is separated by the Chemin 
d’Aubervilliers, Respecting the works-Mr. Burnell 
Says : 

“ The total area of the establishment is from 120 to 130 Eng- 
lish acres. On this plot of ground the retort houses are erected, 
and are provided with, each, a set of condensing pipes imme - 
diately adjoining the retorts, and a set of coke towers, or scrub- 
bers, and the purifiers, that are within a series of buildings 
parallel to the retort houses, but separated from them by a paved 
court. The retorts are set in beds of eight each, back to back; 
the group of - having seven retorts in each that are double, 
8? that the total number of retorts at work at present is about 
1076; but the quantity of gas that the company makes is con- 
siderably increased by the product of the ovens, from whieh 
it obtains smothered coke, for the use of iron and brass founders, 
railways, &e. The style of retort used is a clay retort, of the 
usual ) shape, that is about 8 ft. 2} in. long, by 2 ft. 4 in. 
wide, and 1 ft. high in the clear; and it is to be observed that 
the French engineers prefer the use of the closed retort over the 
fire-clay ovens te that open at both ends (as in some of the 
London companies’ works), for they contend that it is impossible 
to maintain an equal temperature in the ascending mains that 
must be used in the latter case, so that the gas eseapes up one 
of these to the detriment of the illuminating power, or to the 
destruction of the | pipe, according to the temperature. The 
gas in the Paris works passes from the retorts into an hydraulic 
main, and thence through a set of condensing pipes, that are 
placed outside the building, in sets of three rows of ten pipes 
each, to the set of double retorts. An exhauster here takes the 
gas, and thus relieves the retorts of the back pressure: this 
exhauster is set in motion by a steam engine of 16-horse power. 
There is a second machine, for the purpose of relieving the 
pressure upon the coke ovens, and this gives rise to special 
arrangements for condensation, purification, &c., to be noticed 
hereafter, and quite distinct from the ordinary service of the gas 
factory, The exhauster takes the gas from the condensers, which 
are made particularly large, so as to effect the greatest possible 
amount of condensation (which the French engineers attach 
great importance to, as a means of ensuring the purification of the 
gas), and passes it to the scrubbers and the purifiers. In the 
scrubbers, or in the coke towers, the gas is subjected to a system 
of washing, for the purpose of extracting as much as possible the 
ammoniacal liquor, the tar, and the sulphur compounds, that 
it may still retain; and then without any intermediate 
process of washing, to the purifiers, where it is exposed to the 
effeets of a mixture of sulphuret ot iron, lime, slacked and in 
powder, and sawdust, in the proportions of 1 metre cube (about 





1} _ cube) of sawdust to 0.10 metre cube of lime in powder, 
with about 2 cwt. ef sulphuret of iron. This mixture is found 
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to be preferable for the purification, as it is capable of being 
renewed several times, and is especially used in France, because 
there the agricultural interest does not one the employ- 
ment of the lime refuse of the purifiers, The gas here is pussed 
through four successive layers, or rather series of layers, of the 
description above given, and is then passed through the station 
meter to the gasholder, where it is stored for distribution, : 

“There appear to be differences of opinion amongst the Paris 
engineers with respect to the conditions of the distillation of their 
coal, and with respect to the methods to be adopted to prevent 
the formation of the sulphide of carbon in the gas. The present 
ractice of the gas company is, however, that of effecting the 
Fistillation with great rapidity and at great heat, and combating 
the tendency of the gas to the formation of the sulphide of car- 
bon, by means of a most energetic condensation. The charges 
that are oonts employed are, then, four-hour charges, at 
high initial temperatures, of about half a ton to each retort; the 
French engineers obtain from this quantity of coal the average 
yield of 9300 to 9500 cubic feet of gas (which is more than the 
London companies on the average do from the superior coal of 
Newcastle), and about 13 ewt. of good merchantable coke. The 
sroportion of condensing surface that is found necessary under the 
French system of replacing the washing by an energetic conden- 
sation, is about 20 feet superficial to every 1000 feet cube of gas 
made; and the surface of purifying medium that is used is 
about 4 feet for the same quantity; formerly the washing was 
performed by an additional process before the gas passed through 
the purifier, and it consisted in the gas being forced to bubble 
through a solution of ammoniacal liquor after it had passed 
through the coke towers, but now this process is dispensed with, 
so far as regards the passage of the gas through the ammoniacal 
liquor. The gas passes through the station meter, and from 
thence it passes into the gasholders preparatory to the distribu- 
tion; these are eight in number, at the station cf La Villette; 
they are 107 ft. in diameter, and 46 ft. rise in a single lift, and 
are supported by a scaffold in the centre when down, The dis- 
tribution of the gas from these reservoirs takes place under the 
pressure of rather more than 1} of an inch during the day time, 
and in the night time of 33 to 3} of aninch. It may be that 
this pressure may be required to overcome the difference of 
level of the factory, which is somewhat above the points of de- 
livery in Paris; or it may be accounted for by the small dimen- 
sions of the distributing mains. ‘The efforts of the company 
are, however, directed to the remedying this cause of loss.” 

By-peculiar arrangements, the Paris Gas Company 
has reduced the loss arising from the high pressure at 
which the gas is distributed to a minimum, the loss 
shown by the station meters being, during the year 
1864, only 10 per cent., whilst the average loss of the 
London companies amounts to from 15 to 25 per cent. 
of the quantity registered at the works. At the works 
at La Villette, merchantable coke is also manufactured, 
the ovens being made to convert about six tons at one 
time, and yielding about 8000 or 8500 cubic feet of 
gas, and 13 ewt. of smothered coke to the ton. Both 
the coke and gas, however, are of inferior qualities. 
The Gas Company also manufactures bricks and _fire- 
clay, and has a factory at which Lenoir’s gas engine is 
constructed for sale. ; 

The total yield of gas at the La Villette station is 
about 5,000,000 cubie feet per day when the works are 
in full operation. Concerning the pipes employed for 
effecting the distribution Mr. Burnell states ;— 


“The distribution of gas takes place through mains that are 
of as large diameter as 3,;ft., exactly one metre, they are 
all of wrought iron, upon Chameroy’s patent, and in that re- 
spect the Paris supply differs from that of London, which, in 
consequence of Mr. A. Taylor's Act, is compelled to receive 
its gas supply through cast-iron mains. The Chameroy pipes 
are put together in lengths of 15 or 16ft.; the joints are 
rivetted and brazed; the whole is then coated with a pre- 
serving coat of bitumen, and the joints are made with a 
male screw on one end, and a thickening out, formed on a 
mandril, to receive «a female screw on the other, which 
is then packed with gasket and white lead. ‘The opinions 
of English engineers are unfavourable to this style of pipe, but 
the experience of the Gas Company of Paris for the last twenty- 
seven years seems to be decisive as to its merits in all cases 
where the soil is of an alkaline nature, and is not charged with 
water. I was informed by M. Camus, the sub-engineer of the 
works, who is also an Engineer of the Ponts-et-Chaussées, 
that he had ascertained the wear and tear of 1000 metres of 
wrought and cast-iron mains of the same diameter, respectively, 
in the course of the year 1861, and he found that they pre- 
sented the following results. He found that the cast iron showed 
that the proportion of the leakage, that was owing to accidental 
breakage in the pipes was 1.000, whilst that quantity was, 
for the wrought iron, 0.460; the proportion of loss 
through the use of the pipes by time or depreciation was 
fur cast iron, 0.853, for wrought ‘iron, 0.198; the pro- 
portion of loss’ by shaking of joint was, for the cast- 
iron pipes, 1.77, for the wrought-iron 0.520. There 
may be greater care and attention paid in Paris to the repairs 
and maintenance of the pipes, but the results of the experiments 
tried in this case seein to indicate that the cause of the 
diminished loss upon the registered quantity of gas must be 
sought for in the use of these mains; and at the present day, 
when so much attention is forcedly turned to the question of 
the leakage of gas pipes, on aceount of the construction of sub- 
ways by the Metropolitan Board of Works, the subject acquires 
additional interest. ‘The house distribution also takes place in 
Paris through lead service pipe, that must be another cause of 
diminished leakage; but the private consumer is at liberty to 
employ whatever system he may think proper after the 
passage of the gas through the meter. From the report of the 
§48 company, to their shareholders last year, it appears 
that the total consumption of gas in Paris was about 3,567 
millions of cubic feet, for a population that was estimated at 
1,650,000; and the company had, in their prevision of an in- 





creased demand, increased their manufacturing powers to 
4141 millions, The length of pipes that were employed in the 
lighting of Paris was 546,861 metres; that of theannexed zone, 


of 424,985 metres; that of the banlieue and the surrounding’ 


district, 165,346. The number of public lights supplied by the 
company for the account of the municipality was 26,849; the 
number of private subscribers was 59,554, in the year 1863, the 
last for which I have been able to procure the returns. It may 
be added that the lamps that are used for the lighting of the 
Boulevards are placed at distances of 25 metres apart on the 
same line; in the Rue de Rivoli they are about 14 ft. apart; in 
the court-yard of the Louvre they are about 20 fteapart; the 
burners being, in the majority of cases, at 10 ft. above the 
pavement.” 

It will be remembered that, as we have already 
stated, the Paris Gas Company are bound by the terms 
of their concession to remove their mains into any sub- 
ways which may be constructed, if required to do so. 
Notwithstanding this, the experience of French.engi- 
neers is so opposed to the advisability of placing gaspipes 
in subways, that the right conferred upon the city is 
never now exercised. We have in a recent number of 
this journal stated our own views upon the ores, 
but it will be of interest here to quote what Mr. Bur 
nell says of the French practice : 

‘“‘ Experience has shown that there are fatal causes at work 
to produce the explosion of the escaped gas in these cases, which 
all the care of the engineers cannot guard against. There 
have been three accidents, as M. Belgrand informed me, in the 
gallery of the Rue ¢es Martyrs; there have been two accidents 
in the courtyard of the Louvre; and the accident that took 

lace last year, the consequences of which I myself saw on the 
ridge of Austerlitz, was a fatal commentary upon the danger 
of the system of laying the gas pipes in subways. In this case 
the pipes were carried over the haunches of the bridge in a 
gallery that had an entrance at either end, that served as a means 
of ventilation, and it had a means of escape in the middle; 
the gas was shut off at both ends, and the quantity there 
was in the pipes allowed to burn off; yet an explosive 
mixture was formed, and it was set on fire, probably by a work- 
man throwing down a match, Fortunately this occurred in the 
early morning, and the few people there were passing the bridge 
were attracted to the side where they could witness the passage 
of a steamer that happened to be passing; there were conse- 
quently no passers-by injured, but two workmen were killed, 
and several others were carried off to the hospital; the whole 
length of the pavement of the bridge was blown up for the length 
of 180 or 200 metres, and about 12,000 franes worth of damage 
done to the bridge. M. Belgrand was, in fact, quite borne out 
in his opinion, that ‘in no city where there was anything like a 
regard for human life, would the notion of carrying the gas-pipes 
in a covered way be for an instant tolerated.’ He had, it must 
be observed, more than eleven years’ experience in the Paris 
subways.” 

The management of the Paris Gas Company appears 
to be excellent. The administration consists of a cer- 
tain number of directors chosen from the body of the 
shareholders, together with M. Gayflier, ingenieur-en- 
chef des Pont-et-Chaussées, M. Camus, ingenieur- 
ordinaire of that body, and a numerous staff of engi- 
neers, chemists, clerks, &c. The salaries of the various 
people employed at the factories and offices of the com- 
pany, and in laying the mains, amounted in the year 
1863 to about 88,000/.; the cost of management: being 
altogether about 58 per cent. of the total receipts. 








SUBMARINE TELEGRAPHS. 

We have probably had no lectures or professional 
papers which so well combine the conclusions of tele- 
graphic science with the practice of telegraph engi- 
neering as the Cantor leetures now in course of delivery 
by Mr. Fleeming Jenkin, at the Society of Arts. They 
are alike remarkable for their practical character and 
for their condensation. 4 

With respect to the serving and “ worming ” of sub- 
marine cables, Mr. Jenkin says : 


“Strands of hemp or jute are commonly laid or spun round the 
insulated core to serve as a pad or protection against pressure 
from the iron wires afterwards applied, and also, in some cases, 
to form a larger heart, allowing larger and more wires to be ap- 
plied than could lie round the small insulated wire. ‘This cover- 
ing of hemp or jute is called the “serving” of the cable. 
When several insulated wires, to transmit distinct simultaneous 
messages, are included in one cable, as for short distances is fre- 
quently the case, these insulated wires are laid in a long strand, 
with hemp between them to form a circular core, This hemp is 
called the ‘‘ worming.” The worming and serving were formerly 
tarred for their pemeny against decay in water, but Mr. 
Willoughby Smith showed that the tar temporarily mended 
small faults of insulation, and might, therefore, conceal an acci- 
dental injury to the core; but tar was not so good an insulator 
as permanently to mend the fault, so that the tar might lead to 
the submersion of « fault which would otherwise have been dis- 
covered and repaired before submersion. ‘To avoid this risk, 
tanned hemp is now used, and is often applied wet, to increase 
the chance of at once detecting any accidental injury to the 
gutta-percha. Hemp under wires is remarkably durable, and 
Jute also answers well as a cheaper substitute. When hemp is 
exposed in water it soon decays, and jute decays still more 
rapidly; both are liable to be eaten by animals where exposed, 
but not where covered by iron. A specimen was shown where 
a small quantity of hemp exposed by a kink, at a depth of 800 
fathoms in the Mediterranean, had been attacked by a species of 
teredo; the part immediately adjacent, covered by iron wire, 
was intact. ‘These animals exist in the Mediterranean even in 


depths of 1,200 and 1,600 fathoms. In applying the covering, 
care must be taken that the insulated wire be not overstrained ; 
the simplicity of the work has sometimes led to the use of im- 
perfect machines which might cut the gutta percha, and to the 
employment of boys too young to be careful.’ 


One of the most common of popular errors is that 
committed in speaking of the “ outer spiral wires” of 
telegraph cables, and in assuming that these wires 
straighten when the cable is strained, and thereby 
break in two the copper conductor. A spiral has the 
form of a watch spring, but the outer wires of a sub- 
marine cable are laid in the form of a helix, or a screw 
thread of very coarse pitch, and they are commonly 
placed closely together, so as to abut against each other 
for the whole of their length. Were we considering 
but a single wire formed into a helix, the effect of 
strain would be to elongate this helix and to diminish 
the cylindrical space enclosed by it, until, in fact, no 
cylindrical space remained, and the wire had become 
quite straight. But with a series of wires, closely laid 
in long helices, and abutting firmly against each other 
for their whole length, they could not be elongated as 
before, except by crushing in the ring of wires, as 
viewed in their collective cross section. And still less 
could they thus alter the diameter or uniformity of their 
cylindrical arrangement when, as in a submarine cable, 
the wires were tightly laid around a firm core. In the 
case of the second Atlantic cable, the ten outer steel 
wires were not laid so as to abut closely against each 
other, and it is possible that a very slight stretch might 
take place under strains ; but as the total elongation of 
the cable when subjected to its full breaking strain is but 
from 24 to 4% per cent. of its original length, and as the 
copper conductor, formed of seven wires, will stretch 
from 10 to 15 per cent. before breaking, there can be 
no probability that the exceedingly slight extension of 
the outer wires, due to any possible untwisting, could 
ever part the copper conductor. Said Mr. Jenkin : 


“ A helix may elongate by untwisting as well as by closing in 
the manner described, and sometimes this defect has been 
alleged as the only serious one. The total elongation which 
could arise from this cause is the difference of length between 
the wire as it lies round the cable and when stretched out 
straight, This is about 1} per cent. in the Malta-Alexandria 
cable; but no sensible untwisting ever does occur; about forty 
or fifty turns are, at most, taken out per mile, and this would 
elongate such a cable about 18 inches per mile, or about 
0.03 per cent. When cables are recovered from great depths no 
sensible change in the lay is found to have taken place. It can- 
not be seen that they have in any way been untwisted or 
stretched. Specimens of cable thus recovered were exhibited, 
and the following experiments shown to enforce the reasoning :— 
First, halt a ton “was hung on a light iron cable of the usual 
form, and it was seen that no stretch occurred, although less 
than half the weight would have stretched the core inside 20 
per cent., and finally have broken it. ‘This proved that the 
strain was really borne by the rigid helical iron wires outside, 
not by the core inside. Secondly, weights were hung on a single 
wire, outside a cord of hemp and gutta percha; this stretched 
a yery little, Lastly, au experiment was tried, which to all ap- 
pearance resembled the first, but on the weights being taken olf, 
the rope was bent and opened, and shown to consist of a mere 
hollow shell of iron wires, without any core whatever inside for 
18 inches of its length. ‘This proved that the iron wires do not 
press injuriously on the core. In all these experiments the rope 
was free to untwist, but did not do so sensibly. The experiments 
were simple illustrations of facts well known to all practically 
acquainted with telegraphic cables. It may therefore be assumed 
that the common form of cable is not liable to stretch, but an- 
other defect, the liability to kink, has been urged against it. A 
kink is a loop drawn wight, or a twist in a rope concentrated at 
one point. Specimens of kinks were shown. A kink may be 

roduced in any form of cable, with or without helical covermg, 
inasmuch as a loop or twist may be produced in any form by 
mismanagement. A rope coiled round a drum with one side 
out may be wound off and rolled round another drum, or paid 
out into the sea without receiving any twist, bat if, by mis- 
management, the rope were pulled off the end of the drum, it 
would be twisted or kinked. Similarly, if coiled in a tank, with 
one side always uppermost, although apparently without twist, 
it would be twisted or kinked when pulled straight out of the 
hold. In practice these plans are not adopted ; the cable is car- 
ried down into the tanks from adrum with one side always 
turned in oue direction; let one side of a straight cable be 
marked black, and let it be coiled into the hold so that the black 
side shall always be north, then this. black mark will, on the 
north side of the tank, be turned from the centre, at the south 
side to the centre, at the east and west side it will be uppermost 
and undermost respectively. The rope thus coiled in will 
have one twist in it for every turn round the tank; in a spun 
rope, this twist will twist the rope tighter, or untwist it accord- 
ing to the direction in which the rope is coiled; but in either 
case when the rope is drawn out of the coil it comes out as it was 
put in—straight and without twist. ‘The extra turn or twist is 
caused by coiling, and removed by uneoiling. ‘Phere is one 
simple, universal, and suilicient rule to prevent the oceurrence 
of a permanent twist. The cable must be taken out of the tank 
or off the drum, in the sane manner as it is put in or on; the op- 
posite course will always put permanent a twist into a cable, and 
this twist concentrated at one point, produces.a kink. These points 
were illustrated by elementary experiments with a pieve of 
india rubber tubing to represent a cable. One side of the tube 
was painted so that a twist could readily beseen. When.a cable 
is properly’ coiled in the tank, it ia possible, by a severe jerk, so 





to mismanage the uncoiling as not to take out the twist - 
larly, pt go have thus been caused by sovesnh taras bong 
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caught up at once ont of the hold. This now very seldom x « 

ns. Not one kink occurred during the paying out of t 

alta-Alexandria, and Persian Gulf cables, or during the late 
Atlantic expedition, in all about 3500 knots. Even when a 
kink does occur, it seldom injures the cable. A specimen was 
shown, cut from the Dover and Calais cable, containing six in- 
sulated wires, through which, kinked as they were, messages 
had for years been transmitted between England and France. 
The common form of cables affords a good mechanical protec- 
tion against injury. ' 

“The sheathing machines apply the wire with a constant 
tension, and, so as not to twist it, eeping one side always - (a 
most, so that if it faces the core below the cable, it will be 
turned away from the core at the top. ‘To do this each bobbin 
holding the wire moves parallel to itself. ‘The effect of this 
arrangement was experimentally shown with the india rubber 
tube to represent a wire. The effect of the other arrangement, 
in which the bobbin moves round the cable fast on a disc, as the 
arm of a wheel moves round the nave, or as the moon round the 
earth, was also shown. This arrangement twists the wire. 
Cables made with twisted wire are weaker and less manageable 
than those made with untwisted wire. 

“The wires of cables may rust or be chafed through on rocks, 
or be eaten through by some chemical action other than simple 
rusting, or they may be broken by anchors. Any motion in the 
water round a cable much accelerates the rusting away, and 
chating depends wholly on this cause. In some bottoms, even in 
still water or great depths, decay does occur very rapidly, and 
this must be due to some other cause than simple rusting. 
Large wires are the natural protection to injury from the 
causes enumerated. Galvanising also protects the wires from 
simple rust. In some situations the simple unprotected wires 
remain wonderfully unaltered, but protection where possible 
should always be given. Bright and Clark's silicated bitumin- 
ous compound applied over the wires affords the best protection 
yet known. The lersian Gulf Cable is coated with it from end 
toend. To ensure permanency, cables in shallow seas were now 
laid weighing as much as ten tons per mile with shore ends 
weighing nearly twenty tons to resist anchors (vide England- 
Holland Cable, Appendix). Many heavy shore ends were 
covered with strands of wire instead of simple wires. Mr. 
Siemens proposed to apply a covering of hemp outside the iron 
wires and to wrap this round with a zinc armour. 

“Cables laid in less than 1000 fathoms would now hardly be 
considered as deep-sea cables, but formerly a depth of 300 or 
400 fathoms was thought sufficient to entitle a cable to be put 
in this class, and the old classification has been adhered to in 
je paring the statistics of shallow-sea cables. A cable to be 
aid in a deep sea must, of course, be st ey yw absolutely and 
relatively to its weight in water; it must light, or the great 
lengths required cannot be conveniently carried; it must not be 
liable to stretch, and it must coil well and be paid out easily. 
At first, light specimens of the form already described as used 
for shallow seas were generally employed. The Red Sea cable 
is a fair sample. The first Atlantic cable is very similar, but 
the simple outer wires were replaced by strands of still smaller 
wires. They could support from 4000 fathoms to 5000 fathoms 
of themselves hanging vertically from the ship. They could be 
laid, and about 7000 miles a this class were laid, in depths 
approaching or exceeding 2000 fathoms, and these cables have 
even, for a few miles, been hauled back from these depths. 
They seldom broke while being laid, but they were not perma- 
nently successful, Communication generally ended within a 

year trom the time it was established, and the outer covering 
was then too much rusted to allow of repairs. The causes of 
failure were many,—bad gutta percha joints, bad copper joints, 
injuries to the insulator before the cable was laid, high battery 
power burning small faults into big ones and eating away the 
copper, lightning, from which they were often unprotected. 
These may be instanced as known causes of failure. It is also 
said some cables were laid too light, and sprung asunder when 
the iron wires rusted. It may be conjectured that when these 
wires rusted the gutta percha could not bear the cable if sus- 
pended across a hollow ; these are less — causes of failure, 
but it is certain that the rusting of the outside and the failure 
of the eable generally coincided as to time. The failure was 
seldom gradual; it was almost, if not always, accompanied by a 
total fracture or interruption in the copper. When any of these 
injuries did occur, they were irremediable, The first important 
ditication of the form was to adopt steel wires instead 
of iron, reducing their number, and enveloping them in hempen 
strands, so as to produce a cable which externally looks like a 
hemper rope. Many excellent experiments were made on this 
form of cable (which was subsequently chosen for the second 
Atlantic) by Messrs. Gisborne and Forde, aided by Mr. Siemens. 
These experiments are given in full in Appendix 10 to the 
‘ Report of the Joint Committee on the construction of Submarine 
Cables,’ published by government in 1861, The great strength, 
both absolute and relative, of this form may be seen from Table 
1V , showing that these hemp and steel cables will support 11,000 
fathoms of themselves hanging vertically in water. The mass 
of steel required to cover the core is diminished by the use of 
hemp, but as hemp is no lighter than water, it does not buoy u 
the wire, A steel wire simply wrapped up in hemp weighs much 
the same in water as a bare wire, and therefore wires, whether 
simply wrapped in hemp or bare, will support equal lengths of 
themselves in water, but the hemp may be so applied as to add 
all its strength to that of the steel, although the extensibility of 
the two materials is different. To 0 this the hemp must be 
spun round the steel with a definite lay, to be ascertained in each 
case by experiment. A difference of lay produces an extraordi- 
nary augmentation in the breaking strain and in the elongation. 
The stretch of a wire when approaching its breaking strain is 
concentrated cap © one point, where it rapidly diminishes in 
diameter. The effect of the hemp is to support the wire at a 
number of successive weak spots of this kind, and thus greatly 
to augment the elongation before breaking; but the breaking 
strain of the combined materials is actually greater in some cases 
than the sum of the strengths of the separate materials, Thus 
the sum of the manilla and steel, in one case, taking the mean 
strength, is a little less than 12 cwt.; but the mean of the com- 
bined strand is more than 124 ewt. With Russian hemp the sum 





anomaly, but the apparent dox with steel wire has been full 

confirmed b indapuntent  engectmente made for the Atlantic 
Telegraph Company. The explanation is, that when tested 
separately we have the strength of the weakest points, or smallest 
sections of the wires and strands; but these materials are never 
uniform, and when combined, as it is most improbable that the 
two weakest points should coincide, we obtain the sum of their 
mean sections or strengths. The cables formed by these hem 
covered steel wires, are very strong. The Atlantic cable, 
relatively and absolutely, is the strongest cable yet made, bear- 
ing more than twice as great a length of itself as the old iron 
cable. The new form stretches more than the old. The hemp 
may be eaten off, or decay from the wires, weakening the cable, 
om the hemp affords less mechanical protection against injury ; 
but the stretch is never such as to endanger the core, as has 
been proved by repeated experiments, and the most serious defect 
of the cable is probably its expense.” 
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MARINE ENGINEERING. 


NEARLY a year ago, or at the last meeting of the 
Institution of Naval Architects, Mr. Murray, of 
Southampton, came out somewhat strongly against 
surface condensation, superheating, and compound 
engines—in fact, against all the now commonly recog- 
nised means of marine engine economy. The sixth 
yolume of the “Transactions of the Institution,” con- 
taining Mr. Murray’s paper, is now issued to the 
members, and no doubt his views will again attract 
attention. He holds a_ position, at Southampton, 
which ought to secure to him the best information, yet 
his paper hardly contained a single specific reference 
to a steamship in which the means of economy under 
notice had failed; but it did contain the following 
remarks, and we can only wonder how any one calling 
himself a marine engineer could have Bos them : 

“A good deal of misapprehension exists as to the 
“loss entailed by the process of blowing off, but I 
“think that the following rough calculation will show 
“that it camot be very great. The feed water enters 
“the boiler at say 110° and is blown off at 220°. 
“The fuel required for raising this quantity of water 
“by 110° is thus thrown away. Now the steam which 
“is evaporated has absorbed altogether about 1210° 
“of heat, sensible and latent, and we know that the 
“water blown off bears to the water evaporated a 
“proportion of, say one-half, therefore the heat 
“thrown away in the brine will bear the proportion of 
“one half of 110 (or 55) to 1210, which is one twenty- 
“second part. We may therefore infer that 5 per 
“cent. only of the whole quantity of heat ttilised in the 
“ boiler has been lost by blowing off. Nor is even this 
“small per centage all gain in the case of surface con- 
“densers, which still require a limited amount of 
“blow off. It is also apparent that the feed, whether 
“it be taken from the surface condenser or the sea, 
“must enter the boiler at a low temperature, unless 
“previously heated by an apparatus in the uptake. 
“Should some means be discovered for enabling us to 
“circulate the soft water in the boiler without injury, 
“the case would then bear a very different aspect.” 

We have quoted Mr. Murray at some length. Had 
we not known who had penned and uttered the above 
remarks in a public meeting of naval architects and 
marine engineers, we should have believed that he was 
some person ignorant of the properties of steam, igno- 
rant of the use of figures, and ignorant of the working 
of engines having surface condensers. But, as we 
cannot fairly charge all this ignorance to Mr. Murray, 
we must set down the remarks we have quoted as 
a fine example of blundering from beginning to end, 
and we are tempted to conclude that Mr. Murray’s 
whole paper is a blunder also. 

He takes the temperature of the water in the hot 
well as 110°, and that of the boiling water in the boiler 
at 220°. Now ina table by the same Mr. Murray, in 
the same volume of Transactions, he gives the pres- 
sures at which the boilers of twenty large steamships 
running from Southampton are worked, and in most 
of them the pressure is 25 lb. Salt water boiling under 
this pressure has a temperature of between 270° and 
275°, instead of 220°, as might be inferred from 
the paper. Again, the temperature of the water in the 
hot well may be taken as rather high, although we will 
not refuse to adopt it, and thus the water blown out is 
heated by from 160° to 165°, instead ‘of by 110°, as 
worked out by Mr. Murray. 

But his chief blunder is in the use which he makes 
of his figures. One half of the feed water being blown 
out, “ therefore,” says this Southampton arithmetician, 
“the heat thrown away in the brine will bear the pro- 
“portion of one-half of 110 (or 55) to 1210, which is 
“ one twenty-second part!” After this, we believe that 
Mr. Murray would muddle anything. We will see 
how, instead of comparing 55 with 1210, the real com- 
parison is between 165 and 1265, and that instead of 
a loss of one twenty-second by blowing off, the real loss 
isnearly three twenty-seconds, or almost exactly 13 per 
cent. Suppose a boiler to take its water at 110°, and 
to evaporate one-half of the water under a temperature 
of 275°, and to blow out the other half at the same 
temperature. Here the duty done by the coal is, first, 
in increasing the total sensible and latent heat of one- 
half of all the water in the*boiler, already at 110°, to 
Say 1210°, the increase being 1100°, and second, in in- 
creasing the sensible temperature only of an equal 
quantity of water, blown out, from 110° to 275°, or by 
165°. The total duty of the coal is thus the same as 
if, to the quantit y actually evaporated, an addition of 
sensible and latent heat equal to 1265° was imparted 
beyond its original temperature of 110°. By avoidin 

'€ necessity for blowing off, only one-half as muc 








water is taken into the boiler, and this water, already 
at 110°, receives a total sensible and latent heat of 
1100°, thus bringing it to 1210°. In other words, for 
each pound of water evaporated, 1100 units of heat 
are imparted, where, when blowing off, 1265 units were 
reqeeess being 1100 units to the one pound evaporated, 
and 165 to the other pound blown off. The saving, by 
not blowing off, is therefore as 165 to 1265, or a Title 
more than 13 percent. We have endeavoured to make 
this clear, even to Mr. Murray, if he will take the 
trouble to read what we thus place at his disposal. 

Next we have the remark, “ It is also apparent that 
“the feed, whether it be taken from the surface con- 
** denser or the sea, must enter the boiler at alow tem- 
“ perature, unless previously heated by an apparatus 
* in the uptake.” 

What does Mr. Murray consider a “low tempera- 
ture?” Is 110° low? He speaks of taking the feed 
water from the sea, but we are not aware that any en- 
gineer ever does this until the sea water has previously 
gone through the condenser and acquired a tempera- 
ture of from 100 to 110°. Whatever the temperature 
of the feed with an injection condenser, the tempera- 
ture should be, and is, the same with a surface con- 
denser. The steam is condensed into water of 100° 
or 110°, and returned at that temperature to the 
boiler. If an additional quantity of feed be required, 
to make up for loss by leakage, &c., and to introduce 
a little salt into the boiler, this additional quantity is 
taken, not direct from the sea, but from the sea water 
circulating through the condenser and already heated 
to 100° or so. The “apparatus in the uptake ” has 
nothing whatever to do with the comparison, and if 
any one desired to use it, it would be equally applicable 
with surface and injection condensers. The only differ- 
ence would be, that with the former, only one-half as 
much water would require to be heated “in the up- 
take,” and thus the “apparatus ” would be by so much 
more effective with the surface than with the injection 
condenser. 

Now with all this blundering—and we think we 
have shown a good deal—it may be that Mr. Murray 
is nevertheless well-informed as to the practical results 
attending the use of surface condensers, superheated 
steam, and compound engines. But after the exhibi- 
tion which he has thus made of his ignorance or 
inattention, we cannot quite put our faith upon any of 
his statements not supported by direct evidence, and 
singularly Mr. Murray offers scarcely any specific evi- 
dence as to any of his statements. He mentions that 
with surface condensers, and with boilers working the 
same water over and over, priming takes place, the 
condenser tubes become furred, and the boiler plates 
are corroded. Speaking generally, all this is well 
known to have happened in the case of vessels fitted 
with surface condensers, but by the use of a small 
propochies of salt water in the boilers these evils are 
selieved to have been in a great measure prevented. 
We are not about to set up our general belief however, 
against that of Mr. Murray, but we submit that what 
is required are the results of extended observations, as 
to the working and durability of boilers fitted with sur- 
face condensers. The general experience of engineers 
a to be in favour of surface condensation, not 
only as a means of saving fuel, but also for increasing 
rather than diminishing the durability of boilers. 
Many large firms find abundant orders for surface con- 
densers from steam shipowners who have already had 
a large experience with them. 

As to compound engines expanding their steam six 
times, Mr. Murray professes to find that equal economy 
of fuel is obtained by a fivefold expansion in a single 
cylinder, the compound engine working with 25 lb. 
and the single engine with 20lb. steam. Now we 
doubt this, and we furthermore doubt whether Mr. 
Murray has ever gone sufficiently close into the matter 
to pronounce any authoritative opinion upon it. The 
compound engines of which he speaks have long ago 
been shown to work with as little as 21b. of coal per 
indicated horse power per hour, and it has been gene- 
rally understood that they are working regularly under 
3lb. Against this, Mr. Sunray states that the single 
engines of two steamers expanding fivefold, burn but 
22 Ib. to 3lb. But before we can carry out the com- 

arison we should have all the circumstances alike. 

he vessels fitted with compound engines all have 
Lamb and Summers’s sheet flue boilers, while the 
single engines referred to by Mr. Murray, are supplied 
with steam from tubular boilers. e believe that 
the former are not as economical of fuel as the 
latter. We are not disposed, however, to deny 
that, in respect of economy of fuel, an expansion of 
fivefold in a single cylinder may give nearly as good 
results as an expansion of sixfold in a compound en- 
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gine, especially if the steam in the compound engine 
as to traverse long passages between the high and the 
low: pressure par ty But the real argument in 
favour of compound engines is that expansion may be 
carried much further in them than would be expedient 
in single cylinders (say to ten or twelve times the 
pra volume of the steam), and with a comparatively 
uniform pressure upon the crank. Mr. Murray sp 
of the breakage of shafts, and observes that man of 
them fail within two years after they are put in. The 
probability is that with a very high rate of expansion 
in single cylinders, the breakage would be found to be 
still greater. Mr. Murray believes he has found a case 
where the smaller cylinder of a compound engine 
having failed, the steam was worked only in the larger 
= er, and apparently with a positive saving of fuel. 
his, it is observed, “ was looked upon at the time as 
“ rather a good joke against one of our most talented 
“marine engineers.” No data are given, not a 
single quantity representing speed, indicated power, 
expansion, consumption of coal, &c., either before or 
after the breakage of the smaller cylinder, yet a doubt- 
ful result, possibly due to any one of a variety of 
causes, different from the one suspected by Mr. Murray, 
affords that gentleman sufficiently conclusive evidence 
for setting it down as “a good joke against one of our 
“most talented marine engineers!” Mr. Murray should 
at least know that an undignified remark like this will 
have no weight with engineers or shipowners really 
anxious to decide an important question upon evidence. 
Mr. Murray has a little to say as to superheating, 
and as to the relative merits of paddles and screws ; but 
all he says has been said before. His remarks upon 
the beakage of shafts are reasonable enough, and his 
— that large shafts are not thoroughly worked to 
the centre in forging, and that the iron there is coarse 
and gradually fails by deteriorating progressively from 
the centre outwards, may have some truth in it. But 
while this is an argument in favour of making the 
shafts hollow, it is found, generally, that shafts do fail 
by first giving way at the outside. It is further men- 
tioned that in some of the steamers now running from 
Southampton, the intermediate air-pump crank has 
been replaced by large eccentrics. e presume that 
this has been done only in the case of paddle engines, 
as in screw engines the air pump is commonly worked 
direct from the cross head. The eccentrics large 
enough for working the air pump must of necessity 
consume power in friction. With a 30in. double 
acting air pump, having a stroke of even 20 in., the 
eccentric could hardly be so small as 3ft. 6in. in 
diameter, and with a load of nearly 5 tons upon the 
air pump rod at the end of each stroke, the friction 
oul be considerably more than with a crank. But 
we will not dwell upon this, as it may be shown that 
the loss by the friction of the eccentric could not be 
very great of itself. So that any one. may work this 
out for himself, we give Mr. Bourne’s simple rule for 
the friction of eccentric straps. Supposing the co- 
efficient of friction to be one-tenth of the pressure, or 
of the force against which the eccentric has to work, as 
in moving a valve, or a pump piston, the power 
absorbed in friction will-be one-tenth the power re- 
quired to do the work, multiplied by the circumference 
of the eccentric and divided by twice its throw. 
We cannot think that Mr. Murray’s paper throws 
any really new light upon recent experience in marine 
engineermg. It is characterised by indisputable blun- 
ders and by loose generalisations, instead of the defi- 
nite and exact information necessary to support its 
conclusions. That there is a good deal to support 
some of these conclusions we do not deny, but so, too, 
there is a great deal that is opposed to them, and Mr. 
Murray’s paper does not give us what we require—the 
materials pro and con, upon which we might decide the 
case upon the balance of evidence. 








CLEVELAND InstrruTION or ENGrvgEERS.—An interesting 
paper was read at the Corporation Hall, Middlesborough, before 
the members of this Institution, on the 8th inst., by Mr. R. 
Morton, of Stockton, the — being “A new process of 
tunnelling through soft material.” This design has been worked 
out by Mr. R. Morton, principally with a view to its application 
to the tunnel proposed to pass under the Tees between Middles- 

and Newport. he tunnel is to be formed of circular 
or elliptical rings of cast iron, put together in segments. A 
large wrought-iron, wedge-shaped shield is pushed in front of 
this tube by means of powerful hydraulic proaeee behind, inside 
the tube. The shield is made at the back of a similar section 
to the tube, but of three or four feet r diameter. In this 
annular space an arrangement of india-rubber tubes and glands 
forms a water-tight joint; at the same time leaving the shield 
capable of sliding forward, when forced by the —_ presses. 
The pointed shield having been thrust forward a few feet, another 
ring of segments is added to the tube inside the shield, and the 
work proceeds as before. 
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aia GAS MAINS IN SUBWAYS. 
To tue Eprror or ENGINEERING. 


Srr,—As one who has paid attention to the use of 
subways for the purposes of gas, water, and telegraph 
companies, I beg to ask for some space in your columns 
in order to make a few remarks on what I conceive to be 
their relative safety for gas purposes as compared with 
the system now adopted by gas companies. I have 
always been impressed with the idea that subways, 
under proper supervision, and with sufficient means of 
ventilation, would be an advantage both to the public 
and to the gas companies; and with this idea I de- 
clined to give evidence on behalf of the companies last 
year on the Metropolitan Subways Bill, feeling satisfied 
in my own mind that whatever opposition to the bill 
on the part of the companies was fairly due, that on 
the score of danger was not a legitimate one. I am 
aware that nearly all the eminent gas engineers of 
London did give evidence against the bill on that 
ground; but I conceive they did so on the as- 
sumption that leakage from mains and service pipes 
would continue at its present rate after they were 
laid in a subway, and no doubt were such to be the 
case a subway would be the most dangerous place to 
put gas mains in; but I contend that with a new sys- 
tem, such as the subway involves, we must discard 
altogether an old defective style of working, and apply 
one suitable to the new state of things. 

Now, what is the present system? A main is laid 
with all the skill and care that can be employed, in, let 
us suppose, a street subject to heavy traffic, and the 
services are laid into the houses in the usual manner, 
and the main on being tested is absolutely tight, the 
ground is filled in, and the paving made good. After 
a month or so a settlement of the ground takes place, 
and a “ second paving voucher” is required for the line 
of trench to be repaired ; at the end of some months, 
probably, a third one is given. If the surveyor of pave- 
ments is then satisfied, nothing more in the shape of 
paving is required. But what is the state of the main ? 
As a rule it is found to be leaky, that is to say, owing 
to the vibration caused by the hammering of the pa- 
viors’ rammers, the sinking of the ground, and the 
traffic over it, such a disturbance has taken place in 
the joints of the previously sound and tight main as to 
cause them to leak; this, added to the probable draw- 
ing of the service pipes, and the leakage of gas caused 
thereby, produces the contamination of the soil which 
is evident to any one who has witnessed the opening of 
the ground in any of the leading thoroughfares of 
London. 

The gas so escaping generally comes to the surface 
and no harm ensues; but, unfortunately, it sometimes 
takes another direction, and finds its way into sewers 
and drains leading into houses, and, as the gas compa- 
nies know to their cost, explosions then take place 
which do considerable damage. Another great source 
of danger is from the construction of sewers, the ne- 
cessary sinking of the ground, however carefully filled 
in, causing a breakage in their neighbourhood of gas 
and water mains—the latter saturating the ground 
with water and causing it to sink still more, the gas 
main at last breaks, and hence arises a fruitful source 
of accidents. 

I may add that the losses to the gas companies from 
leakage and fracture since the commencement of the 
main dramage works, and of the underground railways, 
has been very great, and that many serious explosions 
have occurred. 

My argument in favour of a subway is, that none of 
these evils can take place if the mains are properly 
laid in the first instance, and there is a far better op- 
portunity of making good work in a subway than there 
can be under our present method of main-laying. The 
mains and services being then well laid, | contend 
they cannot be subjected to the same influences as 
those laid in the earth; there will be no vibration 
caused by the passing of carriages, no sinking of 
ground from any cause, in fact they will lay as 
quiet and undisturbed, and be as little liable to damage 
us the gas pipes in a private house, manufactory, or 
yarehouse. : 

The opponents to subways will, however, say “ Take 
all the care you may you cannot get over the fact 
that cast-iron pipes do suddenly, at times, and without 
any apparent cause, split, and if this takes place in a 
* subway is there not then great danger.” No doubt 
this is so, pipes do break, and I have myself seen an 
18-in. pipe split open while laying in the yard without 
any apparent cause. These cases are rare, but still 


they may occur in a subway as elsewhere—but there 
is no reason why cast iron should be used ; for my own 
part I should certainly recommend wrought-iron pipes 
to be used in a subway, they can be always kept in a 


good state of preservation by being well painted, and 
they cannot oxidize inside, so that their durability 
will be quite as great if not greater than cast iron. 

That a daily examination of a subway and its 
contents should be made, I admit to be quite 
necessary, and to form an essential part of the system ; 
an efficient method of ventilation must also at the 
outset be secured, not so much on account of the gas 
mains being laid inside the subway as to provide a good 
supply of fresh air for workmen whenever it may be 
necessary for them to enter. 

I am satisfied that the danger of explosion from 
leakage of gas into sewers and drains from pipes laid 
under the present system is far greater than could 
possibly exist if the mains were properly laid in a 
properly constructed subway: in the former case gas 
companies know to their cost the losses they sustain, 
and the danger they incur in the latter. 1 contend 
that the loss and danger are reduced to the minimum, 
and that the theory of safety (for we have as yet no 
experience) is in its favour. 

In my opinion the Metropolitan Board of Works 
should now exercise a constant supervision of the sub- 
ways in Covent Garden and South-vark-street, because 
without this, and unless a thorough system of ventila- 
tion exists in them, there is a far greater chance of 
accidents occurring with the gas mains laid in the ground 
outside them, and subjected to the contingencies | 
have named, than could possibly arise if they were laid 
inside them. I am, &c. A Gas ENGINEER 


ART IN ENGINEERING. 
To tHe Epitor or ENGINEERING. 

Srr,—I observe in your article under this head in 
last week’s ENGINEERING, some remarks on the bridge 
in gourse of erection by the London, Chatham, and 
Dover Railway over Ludgate-hill. I fully agree with 
you that engineers in general deserve the charge 
brought against them of disregarding taste in their 
various bridges and structures, especially those which 
have within the last few years been erected in and 
around London. 

From the paragraphs which have appeared in the 
papers from time to time on the subject of the Ludgate- 
hill viaduct, I gather that, in this instance, however, 
the engineers are not the parties to be blamed for the 
want of taste displayed in the bridge, an architect 
having been employed to design it. Here was an 
opportunity, such as seldom occurs, for really doing 
something to retrieve the character of the railway com- 
panies, and establishing a precedent for others to 
follow ; but, alas, it has been lost, and we have the 
ill-adapted, meretricious result which must remain as a 
standing memorial of bad taste and want of judgment. 
In the Act of Parliament under which this railway was 
constructed, I see a clause which enacts that a head- 
way of 18 ft. shall be preserved over the whole road 
and footways; but, inasmuch as it was also enacted 
that the design of the bridge was to be approved by 
the City authorities, I presume that they have sanc- 
tioned the curtailing of the useless headway over the 
footpaths, with a view of getting rid of the unsightly 
straight soffit of the girders. Looking at the elevation 
of the bridge, it is evident that, with this concession, 
there was nothing to prevent an arch being thrown 
across, instead of the heavy cantilevers which have been 
adopted. 

As regards the actual structure of the bridge, 
nothing could be more faulty, for the cantilevers, 
instead of doing work and assisting, hang on and 
weigh down the main girders of the bridge; while 
in the decoration, (?) the details of the mouldings, 
medallions, pierced work, scrolls, &c., are paltry at the 
same time that they are pretentious, and bear the 
impress ofa hand fitted neither by education, taste, nor 
experience, to design such a work. The comparison to 
a “fender curb” is a most happy one. I am, Sir, 
your obedient servant, C. E. 


STEEL FOR SHIPBUILDING. 
To tue Epiror or ENGINEERING. 

Srr,—I have read with much pleasure Mr. J. Scott 
Russell’s letter on this subject, and quite see with him 
the necessity for the compilation and comparison of 
such data bearing thereon, as is now in the possession 
of manufacturers, and those shipbuilders who have 
largely employed steel, both in the construction of 
sailing vessels and steamers. 

Mr. Russell has hit the right nail on the head where 
he exposes the fallacy of a steel plate }in. thick, 
standing the same strain under compression as a good 
}in. iron plate; and the absurd notion come to by so 
many when steel was first employed, that with a steel 
hull you would get the same strength with half the 











weight of metal. 





Some little time ago I was engaged in testing ship 
and other plates for one branch of the Ebbw Vale 
Company, and during these experiments I subjected a 
few plates of steel, such as were then being used for 
the hulls of ships, to the same test as the plates. 

The tensile strength I leave out, though only in one 
instance did I find the steel break over twice the 
Admiralty iron test. I found that under a 1 ton ball 
dropped from a height sufficient to break the com. 
monest }in. iron plate to pieces, the average ship 
plate of 4 in. iron got but a simple indentation, whereas 
the + in. steel plate was well dished by the blow. 

Now this is accounted for by the fact that there 
must be a certain amount of ductility or homogeneous. 
ness in the steel of 4 in. plates, without which they can- 
not be worked into many parts of a ship’s hull, nor will 
they otherwise punch and rivet up well. ‘This quality, 
though it takes but little from the tensile strength, 
deprives the steel somewhat of that rigidity which a 
thicker plate of iron under compression possesses, in- 
dependent of its loss of strength by its diminution of 
thickness, and when you take into consideration the 
whole surface of a ship’s hull consisting of so thin an 
exterior skin of comparatively ductile material, you 
can form some idea of how that hull will work and 
strain and give in a heavy sea way. ‘To meet thisa 
steel hull must have more staying, and hence you get 
an increased weight. 

There is no doubt that the blockade runner Lelia, 
which went down off Llandudno last year, with Mr. 
Thomas Miller, of Liverpool, on board, foundered 
because of some of her steel plates giving way below the 
water line. She was strongly framed, but, like all those 
boats, heavily engined ; and her commander, in spite of 
proper caution, pushed her ahead against a heavy sea, 
and thus the very power which would have carried a 
rigid iron vessel safely through the waves, became her 
destruction. The steel skin could not withstand the 
compression. The powerful engines would, as it were, 
almost force the framework through the delicate steel 
shell, causing it to buckle and crumple, and give from 
the rivets, against the mighty pressure of the waves. 

Many shipbuilders say, at the present time, that the 
difficulty of obtaining 100, or even 50 tons of steel of 
uniform quality throughout, is a great hindrance, in 
many instances, to itsadoption. Now that Mr. J Scott 
Russell has put this matter into so practical a shape, I 
feel sure his wishes will be largely responded to. 

If these cursory remarks are worth your insertion, 
they may tend to draw some of my friends’ more careful 
attention to so important a subject.—I am, sir, your 
obedient servant, MontacvE Beate. 

9 Great Winchester-st., Old Broad-st., 

London, Feb. 21, 1866. 








THE BALANCED RUDDER. 
To tHe Epitor oF ENGINEERING. 
Chelsea, Feb. 19, 1866. 

Sir,—In your article on the Bellerophon, alluding 
to the balanced rudder which Mr. Reed has adopted 
for that ship, you say: “ It was tried and supposed to 
“ have failed in the Great Britain twenty years ago.” 
This is a great mistake, great, as affecting the fame of 
a great engineering genius. No ship could have steered 
better than did the Great Britain on her half a dozen 
passages across the Atlantic. I steered her myself 
more than once on her way to Dublin and Liverpool, 
and on her trials, and I was astonished at the quick 
way in which she answered her helm, albeit 40 ft. or so 
longer than the Bellerophon. Not, however, satisfied 
in taking this step, after twenty years or so that she 
has been going round the world (I cannot be exact), I 
wrote to her captain, and the following is an extract 
from his answer : 

“ Cotham, Bristol, 17th Feb., 1866. 

“ ENGINEERING is entirely wrong in saying the Great 
“ Britain’s balanced rudder was a failure. The ship 
“ steered beautifully, with perfect ease to the helms- 

man, answering remmaheliie quickly, and I always 
“ considered her steering perfect.” 

What you say about Chinese junks, I cannot con- 
tradict, but have always thought they were steered by 
a heavy sweep by many hands, in the same way that 
whalers steer their boat with an oar instead of a rudder. 
Mr. Brunel’s son has advertised his father’s life, and 
I know he thinks the balanced rudder is an emanation 
of his father’s genius, and so do I. The rudder was 
left buried in sand, under uprights, which did the duty 
of leverage in raising that remarkable ship in which 
the underwriters’ surveyors could find no bicenish. ‘ 

CuristorHer Ciaxton, R.N. 

[Why was not another balanced rudder fitted to the 
Great Britain after her rescue from Dundrum Bay *— 
Ep. E.]} 
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LYONS AND CROIX-ROUSSE INCLINE. 


Tye short railway which unites Ferreaux, a suburb 
ofthe city of Lyons, with Croix-Rousse, is 16054 ft. 
long, and has a uniform gradient of 1 in 7.3, the total 
rise being 220 ft. Carriages and goods wagons are 
pulled up this incline by means of two stationary 
steam engines, of 150 horse power each, and a rope 


0.0786 in. diameter. There are two parallel lines, on 
each of which trains of three carriages, capable of seating 
108 persons, move—one train going up while the 
other goes down. Tach end of the rope is fastened to 
a train, and the middle passes over the drum of the 
engine placed at the upper end. One engine works 
the carriage trains and the other the goods trains, but 
they can relieve each other in case of repair or acei- 
dent. They are each of the ordinary horizontal kind, 
with acylinder of 263 in. bore, and a 783 in. (2 metres) 
stroke, and work witt a pressure of 70 lb. to the square 
inch, without expansion. The winding drum is 14 ft. 
Yin. diameter, and of length sufficient to pull the 
trains up without doubling the rope. The number of 
revolutions required is 37. The drum is provided with 
an ingenious contrivance to feed the rope over it 
evenly and without overlaying. It consists of a 
holder, having a slot, with a roller on each side, 
through which the rope runs; this holder is carried 
by a feeder, cut with a screw, somewhat as in a screw- 
cutting machine. ‘The screw has the same length as 
the drum, and is geared to it at such a speed that, 
during one revolution of the latter, the Salar moves 
a distance equal to the diameter of the rope, plus a 
little clear space between the folds to keep the rope 
from wearing by contact and rubbing. 

The drum is also provided with two brakes, each of 
which is capable of stopping the engine, and holding 
one train without the other acting as counterweight. 
One of the brakes can be worked by hand, by means 
of a lever and screw, the other is operated upon by a 
steam cylinder of 13% in. bore placed under the drum. 

The carriages, being capable of accommodating 108 
passengers, are very large, and two stories high; the 
benches or seats are inclined, to suit the gradient of 
the road. 

The engines are rated and worked, so as to take upa 
train of three such carriages at a speed of just 2 metres 
e second, equal to about 44 miles per hour. The 
brakes on the carriages are very powerful, and of two 
kinds. The first is somewhat similar to those used on 
cranes, consisting of bread bands or straps going com- 
pletely around the wheels, which are for that purpose 
made much broader, so as to project over the rails. 
To one end of this strap is attached a lever, having for 
its motive power a heavy weight, which, when suttered 
to fall, at once causes tle strap to clip the wheel 
closely, effectually preventing it from turning, and 
foreing it to slide even when the carriage is fully 
loaded. 

But this is insufficient to arrest the carriages in case 
of breakage of the rope when the rails are at all 
slippery, for the gradient of 1 in 7.3 is steep enough 
to permit them to slide upon it. Besides, it was 
deemed necessary to have a brake system, which would 
act independent of the vigilance, or want of it, of the 
tran employés. For that reason a second arrangement 
is used, the action of which depends upon the slackening 
of the rope which pulls the train. When the carriages 
are at rest, these brakes are close locked, but the 
moment a strain is applied to the coupling bars, or 
rather when the springs which operate upon them 
become compressed, the pressure of the brakes becomes 
less, and is totally relieved when full power is given to 
the rope. The arrangement consists chiefly of an axle 
placed centrally under the carriages, transversely to 
the road, having two large rollers with conical grooves 
capable of fitting on the rails somewhat like friction 
rollers, These are gradually lowered upon the rails 
when the rope slackens, and entirely rest upon them 
when the strain is zi7. The rollers are fitted with a 
Sort of nave having a thread cut into them, upon which, 
by means of a left and right hand screw a peculiar 
ind of nipper works. These act in such a manner 
that when the rollers really touch the rail, and thus 
egin to revolve, these grooves close and grip the 
rail, gradually tightening until the train is stopped. 
n starting the train these rollers are for a moment 
a a little, the strain on the rope lifts them 

pletely on the carriages going up, and of course 
Ut partially on those going down. 








ot Forwaces AT Mrppiesporoucn.—Messrs. Hopkins, 
Kes and Co, (limited) are about to erect two new furnaces at 
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of 7 strands, each consisting of 36 steel wires, of 


DWELLINGS FOR ARTISANS. 

A GrEat amount of building may be the result if 
Mr. M’Cullagh Torrens’s bill passes, for enabling 
artisans’ and labourers’ dwellings to be built with the 
help of advances from the Government. A bill already 
brought in by Government permits of lending money 
for these — but it does not provide that the 
works shall necessarily be carried out. Mr. Torrens 
states that there are within’ the London bills of morta- 
lity, no less than 648,000 persons living by wage 
labour, and that after twenty years’ effort, all that 
benevolent enterprise has been able to do is to provide 
accommodation for from 8000 to 9000 only of this vast 
number. The landed interest has received loans of 
money at low rates for the purposes of drainage, and 
the-mercantile towns have also had advances for public 
works. But if the bill pass, it remains to be seen what 
the ratepayers will say of the security to be offered 
for the loans sought in aid of improved dwellings for 
artisans and labourers. This security, Mr. Torrens 
proposes, is to be that of the rates of the parishes 
where the works are carried out. The bill would give 
the Home Office power to act, either of its own motion, 
or upon the requisition of any corporate authority, or 
of a certain number of ratepayers, with respect to 
districts where pestilence existed, or which were over- 
crowded. Here the Home Office would direct estimates 
to be prepared of the cost of pulling down and rebuild- 
ing, the local authorities would publish the estimates, 
and the Treasury might then advance money at 3} or 
4 per cent., repayable in thirty years. We do not care 
to go far into the political aspects of Mr. Torrens’s 
bill, but we notice it is likely to prove useful, and 
especially as calculated to stimulate building, and thus 
the general pursuits of industry. Mr. Torrens, in the 
course of his speech, stated that there were 52,000 habi- 
tations in Liverpool in which the number of cubic feet 
of space to each inhabitant was less than one-third 
that prescribed in the Statute-book for the felons con- 
fined in our gaols. 


THE CANNON-STREET BRIDGE. 

Tue bridge which Mr. Hawkshaw has designed to carry the 
South-Eastern Railway across the Thames to its new terminal 
station in Cannon-street, is now fast approaching completion, 
and promises to be at once the most ornamental and convenient 
railway bridge spanning our river. It is divided into five spans, 
and consists of three separate parts. First, on the south side of 
the river, an independent span of 125 ft.; second, a continuous 
length, excepting as it respects the face girder, of 442 ft. 8 in., 
supported at four points, which leave three clear openings of 
135 ft. 8in. each; third, a span of 125 ft., which spreads, fan- 
like, right and left from the pier nearest the north abutment to 
the station building. The arrangement of girders is shown in 
Fig. 1. 

The whole structure is supported on cast-iron cylinders, of 
which there are sixteen altogether, four to each pier, placed 147 ft. 
8 in. apart longitudinally, and 21 ft. 2 in. apart laterally from 
centre to centre. They are sunk into the clay, which forms, for 
the most part, the bed of the river, to an average depth of 60 ft. 
below Trinity high water, or about 35 ft. below the bed of the 
river ; this depth varies, however, in each cylinder of the bridge, 
the greatest being 65 ft. 6 in., and the least 54 ft. 8} in. below 
high water. 

That portion of the cylinder below the bed of the river is made 
up of four lengths; the bottom and two upper rings being 18 ft. 
diameter, and the top one tapering from 18 ft. to 12ft. in 
diameter. The lower ring, a section of which is shown in Fig. 5, 
is 4 ft. 6 in. long, and 24 in. thick, the under side being bevelled 
to a sharp edge, to facilitate the operation of sinking it, and 
the top provided with a flange 9} in. wide, by which it is 
secured to the next ring. The two upper rings are each 9 ft. in 
depth, with 1} in. metal; while the top one, also 9 ft. deep, has 
a strength of 2 in. 

Each ring is made up of nine segments, 6.28 ft. long in the 
three parallel rings, and tapering from that length to 4.18 ft. 
in the top one. Every segment is strengthened throughout 
with ribs and feathers, and the flanges are faced and planed to 
make perfect joints. 

From the top of the tapering ring, the cylinders, 12 ft. in 
diameter., are carried up to the under side of the bed-plate 
girders in 9 ft. lengths, with the exception of making up pieces 
which were used to compensate for any settling under the load 
placed upon them to ensure their taking a proper bearing. This 
load amounted to 850 tons on each cylinder, or 3} tons per 
foot, and it remained on for a week after all subsidence had 
ceased. 

From the bed of the river upwards the cylinders are made of 
2-in. metal, and are fluted from the moulding which covers the 
bed-plate girders to below high water. The space enclosed within 
the three bottom rings is filled with concrete, and above that 
with brickwork to within 2 ft. 6 in. of the under side of the bed- 
plate girders, which rest on a circular block of granite of that 
thickness, and 11 ft. in diameter. This description applies to 
each cylinder. The following are the total quantities of materials 
employed in the piers of the bridge. : 

Iron eos eve 
Brickwork ese 
Concrete ... a 
Masenry ... ove ove 3579 cub. ft 

Upon the granite blocks just described, are placed the bed- 
plate girders, two to each pier, shewn in sections Figs. 8 and 9 
and in plan Fig. 10. 

They are 10 ft. 6 in. apart from out to out, or 6 ft. 6in. 





2500 tons. 
3822 cub. yds. 


, 





from centre to centre. The section of these girders for piers 





Nos. 1, 2, and 3, corresponds with Fig. 8. They are of the 
box form, with a total length of 68 ft. 6 in., a width, over 
all, of 4ft., and a depth of 2 ft. 3}in. The top and bottom 
flanges are built of 2 in. plates, the webs are ,7, in., and the 
connecting angle irons are 3 in. x 3in. x fin. The girders are 
stiffened at intervals with T irons running all round, and 4 in, 
stiffening plates, as shown in Fig. 8; and a diaphragm stiffens 
the structure, and closes in the ends immediately under the 
face girder of the bridge. See Fig. 10. 

The outer web of these girders is curved with a radius of 5 ft. 
6in. at the ends, corresponding with that of the bed stones, 
in order that the whole bearing may be taken upon them. The 
bed-plate beams for No. 4 pier are exactly similar in construc- 
tion to the others, and differ only from them in size, these being 
71 ft. 6 in. long, and 5 ft. wide across the top table. This, as 
well as the bottom member, is made of fin. plate, and the 
webs, J; in. thick, are connected to them by L iron 3in. x 3in. 
x}in. The weight of each of these latter girders is 27,tons, 
while the lighter ones, upon piers Nos. 1, 2, and 3, weigh 18 tons 
each. 

Cast-iron saddles are placed upon the bed-plate girders of piers 
No, 1 and No. 4, and the ends of the bridge girders rest upon 
rollers, as shown in Fig. 11. _ On the abutments, the girders rest 
upon bed stones, and on piers Nos. 2 and 3, upon saddles with- 
out rollers. 

The arrangement of the beams carrying the floor of the bridge, 
will be understood by an inspection of Fig. 1. It will be seen 
that there are thirteen in the width of 63 it. 6 in., the two outer or 
face girders being box, and the eleven inside ones single web. 
These latter are 5 ft. apart from centre tocentre. Those marked 
B on plan, Fig. 1, are 135 ft. 4in. in length, with a camber of 
8} in. Figs. 15, 16, show an enlarged section, from which the con- 
struction of this set of girders will be understood. They are 
8 ft. Gin, in depth, with a width of 2 ft. 2in. over the top and 
bottom flanges. The angle irons are 4in. by 4 in. by $in., and 
the web, Sin. thick, is strengthened at intervals of 6 ft. with T 
iron vertical strips 6in. by 3in. by }in., except at the ends, 
where the stiffeners are 3 ft. apart. The web plate is in 8 ft. 
lengths throughout, rivetted alternately to the T iron strips, and 
to cover plates 6 in. by $in. thick. Each of these girders weighs 
42 tons. 

The set of girders marked E on plan, Fig. 1, are continuous 
over three openings, and each has an entire length of 442 ft. 8 in. 
over all, 

They are similar in construction and general dimensions to 
those just described, and are shown in Fig. 19, which is a section 
taken through that part of the girder resting on the pier, and 
which, therefore, has the largest area. There are 7 
mately 85 sq. in. in the bottom flange at this point, and 52 sq. 
in. in the top. The point of contrary flexure, under the most 
unfavourable circumstances, is 27 ft., from the centre of the pier. 
These girders each weigh 131 tons. 

In the span between No. 4 pier and the north abutment, the 
number of girders is increased from thirteen to sixteen and the 
width between centres from 638 ft. Gin. to 185 ft., the girders 
radiating from pier to abutment, as seen in plan, Fig. 1. Their 
lengths vary from 145 ft. 4in. in the outside row, to 136 ft. in 
the centre, and their weight from 59} tons to 54 tons each res- 
pectively. 

Fig. 17 shows the construction of these girders in cross section, 
and Fig. 18 an elevation of one end to a reduced scale. It will 
be seen that they differ from the corresponding girders in the 
other spans only in having an additional thickness added to the 
top and bottom of the web plate; these stiffening strips are 
1ft. 4} in.deep and .44in. thick, and to the upper one are 
rivetted angle irons which carry the cross girders as shown in 


ig. 20. 
The following are particulars of the dimensions of these 
girders, 


Sectional Areas in Centres of Girders. 
Girder. Top flange. Bottom flange. 
ces ns 97 sq. in. 91 sq. in. 
ra ae 873 ,, 
ete a 834 4, 


The web plates throughout are Zin. thick, and the vertical 
T iron stiffeners are 6 in. x3 in. x} in. placed 6 ft. apart, alter- 
nating with cover strips 6 in. x2 in., also 6 ft, apart. The rivets 
throughout are 4in. pitch; those in flanges are Lin. diameter, 
in side plate Lin. and Zin. diameter, and in the web jin. 
diameter. ; 

This is the only portion of the bridge where cross girders are 
employed, it being necessary to use them here on account of the 
increasing distance apart of the main girders as they approach 
the north abutment. 

They are attached at intervals of 3 ft. to the latter in the 
manner shown in Fig. 20, and vary slightly in depth according 
to the thickness of the flange of the main girders at the place 
where they are connected to it, the greatest depth being 1 ft. 4 in., 
the least 1 ft. 24in. This is done in order that the upper sur- 
faces of the cross and longitudinal girders may coincide, so that 
there need be no packing underneath the road plates. 

The outside girders A, C, Figs. 1, 12, 14, are of the box form ; 
the former, A, has a total length of 135 ft. 4 in., with a camber of 
3Lin. The total weight of each is 62 tons. The latter (C) is 
117 ft. 4 in. long over all, with a camber of 3} in., and it weighs 
72 tons. In all these girders the depth is Sft.6in. 

Figs. 12, 13, 14, show their construction, where it will be seen 
that the top and bottom flanges are 3 ft. 7 in. wide, and that they 
are connected to two 2in. webs, by angle iroas 4 in. x 4 in. x fin. 
Internally they are stiffened by ¥ iron strips 6 in. x3 in. x {in., 
placed 3 ft. apart, and also by jin. plates, 2 ft. deep at top and 
aems which are rivetted to each T iron stiffener in the manner 
shown at the point where the section Fig. 12 is taken (the 
centre of the girder). ‘The top flange is built of three plates, 
each 3 ft. 7in by .675in., and the bottom, also of three of the 
same width, one of which is .625 in., and the others .675 in. thick. 

In Fig. 14, girder C, there are four plates in the top flange 
each 8 ft. 7 in. wide by .60 in thick, and four in the bottom, one 
.627 and three .575 in. 

These face girders carry the whole of the footway, and a small 
portion of the road plates, on which the rails are laid. 

There is occasional cross bracing between the whole system 
of girders, occurring at intervals of about 85 ft., and consisting 
























































































































ENGINEERING. 





[Fes. 23, 1866. 








THE 





CANNON-STREET RAILWAY BRIDGE. 



































































































































OI 


3 

























8.6" 









































S64.) 5 & 

















1 
























































6x8x 3 
; | i 
a i | 


FIG.I5. FIG.I6. 








HM 











oe 


= 

















) FEEY. 





merely of T irons placed diagonally from the top of one girder 
to the botom of the adjoining one. 

The flooring of the bridge consists of } in. wrought iron plates, 
secured to the longitudinal girders by the outer rows of rivets in 
their top flanges. 

Theyare made in 8 ft. lengths, stiffened underneath by two 
angle irons, and also by a T iron cover strip at the joints. In 
this manner the whole area of the bridge between the two face 
girders is covered with a continuous and rigid iron floor, which 
though somewhat more costly than the ordinary arrangement of 
cross girders and planking is fur better adapted to support great 
and unequally distributed loads, and is much more durable. 

The following is a summary of the weight of all the wrought 
iron in the superstructure of the bridge: 
tons. 
Fig. 1. Girder A =No, 2x 62 

” B =No. ll x 
C =No. 8x 





* D=No 2x 594= 
mn 2x 58$= 117 
2x 58 = 16 
2x S44= 109 
2x Sif= 108} 
2x 4 = 168 
” 2 =No. LL x1dl =1441 

Bed plate girders, Nos. 1, 2, 3, 

piers . ® . No. 6x 18 = 108 
No. 4 pier . : No. 2x 27 = & 
Koadway plates .= 415 
Bracing. &c ° ° ° . : -= & 
Cross girders ‘ ‘ . © -= 8 


Total 








The roadway plates are covered with asphalte, varying from 
2 in. in the middle and at the sides of the bridge, to nothing at 
16 ft. on each side of the centre line, where two gutters run the 
whole length of the bridge, intersected over the piers by trans- 
verse gutters, which collect the water and convey it down pipes 
affixed to the foundation cylinders. This appears an admirable 
plan of drainage, as the bridge is made perfectly tight, and no 
water can get to the ironwork underneath. 

The permanent way, of which there are five lines, besides 
numerous crossings, is laid upon cross sleepers, with a ballast of 
ashes Sin. thick beneath the sleepers, and 5 or 6 inches deep 
between them. 

Two footways, each 7 ft. wide, are constructed on the outside 
of the face-box girders. They are supported on massive cast- 
iron cantilevers, which are bolted to the girders by six 1 in. dia- 
meter bolts, and two hook bolts of the same strength. They are 
placed about 7 ft. apart from centre to centre, the space between 
them being filled in with ornamental cast-iron panels, so that 
the face girders are quite hidden. On the top of the brackets 
are bolted cast-iron connecting plates and facia mouldings, as 
well as standards and brackets, to which the — of the 
footway is secured. As this is above the level of the top flange of 
the box girder, the difference is made good with a timber pack- 
ing. Over the piers the footway is carried on cantilevers, dif- 
fering from the others in design, and forming part of the capital 
of the cylinders, 

A massive cast-iron parapet runs along the top of the box 
girder, separating the footway from the rest of the bridge, and 
another, 7 ft. from it, rests on the ends of the brackets. The 
planking is covered with felt, asphalted, a method also adopted 








Fic. il. 


in Charing-cross bridge, and the footway is drained’ by a gutter 
against the inner parapet. : ‘oh 
Handsome cast-iron piers rise from the cylinders to a heig it 
of about 15 ft. above the level of the rails, and relieve the straight 
lines of the parapet. t 
The strains to which the whole of the ironwork throughou 


| the bridge has been ——— are 4 and 5 tons per inch for com- 


pression and tension; the load upon the inner girders having 
been assumed at 1 ton per foot run, and that upon the outer 
girders at 1} tons. : — 

We have before stated that Mr. Hawkshaw is the engines 
the bridge. The contractor is Mr. George Wythes, who cod 
sublet the work to Messrs. Cochrane, Grove and Co., 0 W 
side Ironworks, Dudley. 








e Steward of Wel 


New Ratway Sienau.—Mr. Lyne, th 
tent for a new ral 


lington College, has recently taken out a 7 

way signal. This signal consists of a wooden or iron post, ed to 
in such a manner that by means of handles and gearing © aie 
the outer casing, it can be rapidly run up to a height fixed bY 
24 to 30 ft. It is pro that these posts should be 0x 

the side of the line, at intervals of about a quarter of a _ . 
that, in the event of an accident occurring, by which opts 
blocked, the guard of the train which has failed should , 

to the nearest signal post and attach to it a red flag, i night, 
a red light. The post could then be run , A the height 
already mentioned, and the signal would thus be conspic ously 
exposed to the driver of any approaching train. It is intended 
that the signal posts should be painted red, in order to dist 
guish them from the telegraph posts. 
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GERMAN WATER-JET PUMP. 


Tus contrivance, which in the German language is called 
uwasser-saug-apparat,” or “ ee was in- 
vented and constructed by Mr. August Nagel, civil engineer of 
Hamburg, who has kindly furnished the drawings here given 
for its illustration. It was used by him to great advantage in 
draining the foundation pit of a water-power =ill in process of 

jon. 
- action is based upon a knowledge of the fact that if a 
tube, through which a stream of water is running, has its 
sectional area contracted at one point, and then suddenly enlarged 
a partial vacuum will be formed in it where this enlargement 
takes place. sy 

If to this point of the tube a Pipe is attached, water can be 
sucked up through it from a lower level than that of the main 
tube, and be discharged at the level of the main tube, and 
with the water flowing through it. 

This principle was applied by Mr. Nagel, in the manner shown 
in the drawing, at the erection of a turbine wheel in Schleswig, 
for the drainage of its foundation pit. 

Fig. 1 shows the general plan of the apparatus; Fig. 2 a 
Jongitudinal section; and Fig. 3 a section through the suction 
pipe. The stream of water which was to drive the wheel of the 
mill, had a head of 8ft., and it furnished the motive power of 
the apparatus, by allowing part of it to run through the wooden 
box or trough forming the main pipe of the pump. ‘This box 
was constructed of 3-in. planks, and was well caulked and 
pitched, to render it air and water tight. It was 26 ft. long, 
had an inlet opening 2 ft. high, and 3 ft. 6 in. wide, and an out- 
let opening 1 ft. 3 in. high, and 7 ft. 6 in. wide, the mid section 
being contracted to a height of 1 ft., and a width of 3 ft. 6 in. 

At the point where the tube had the least sectional area, a 
curved slit was formed by means of the blocks shown in Fig. 2, 
one of these being made movable by set screws, for the purpose 











of adjusting the opening to the exact size required. Over the 
slit a cast-iron cover was placed, connected with a cast-iron pipe 
Yin. in diemeter, leading over the coffer dam down to the water 
to be elevated. The lower end of this pipe was made telescopic, 
so that its length was adjustable, and a valve was placed at the 
bottom to retain the water in the apparatus when not in opera- 
tion, The valve opening was 6 in. in diameter. 

The outlet of the trough was also provided with a gate or 
shutter hung by a hinge to the bottom of the trough as shown 
in Fig. 2, and which could be worked by means of an iron handle 
and rope. The regulation at will of this opening is necessary 
to insure the complete filling throughout of the lower part of 
the box with water, without which no good action can be had. 

The extreme lift of the water was a little over 8ft. The 
foundation pit measured 80 ft. x 18 ft. Gin. and was 8 ft. deep 
and full of water. The total quantity of 11,520 cubic feet-was 
removed in about two hours; whereas, if at a depth of 8ft. an 
opening of Gin. diameter (equal to the suction hole in the pipe) 
bad been made in the coffer dam and the water could have been 
suffered to run off by its own natural pressure, the time occu- 
pied would have been 1 br. 36 min. This slight difference of 
time shows the action of the apparatus to great advantage. It 
also appeared that water could be lifted from a greater depth 
than the head of the stream, which furnished the motive power. 

Under similar circumstances perhaps a more suitable and 
economical arrangement for drainage could not be devised, the 
entire operation being performed without the assistance of any 
valve gear or other moving machinery, which, when applied to 
such kind of work, is so liable to get out of order t sand, 
gravel, mud, &c. These substances seem to interfere with the 
je: 2 Working of the apparatus as little as with that of centri- 
weal pumps, for when the cast-iron cover was removed, a few 
arge-sized pebbles were found lodged underneath. 

y In point of cost, both of construction and working, this appa- 
“tus must be far superior to any pumping machinery now known, 

and in general simplicity and absence of moving and wearing 

Parts it closely resembles its kindred mechanical contrivance, 
the injector,” 


tn Breaking Biocks or Cast Inon.— In France, the follow- 
p __ of breaking large blocks of cast iron has been recently 
omer A hole is drilled in the block to be broken for about 
aed : of its thickness, and is partially filled with water. A 
lt png is then fitted accurately into the hole, and upon this 
P ® the ram of a pile driver is allowed to fall, when the block 
8 at once split into two pieces. 


FISH BARS ON GERMAN RAILWAYS. 


THE rail and splice, of which we here give a section, 
drawn to one-fourth the full size, was first introduced 
on the Main-Weser Railway (Frankfort to Cassel), and 
afterwards with but little variation adopted upon the 
Berlin and Stettin, the Taunus (Frankfort to Wies- 
baden), the Main-Neckar (Frankfort to Heidelberg), 
the Paris and Lyons, the Orleans, the Prussian Eastern, 
and lastly the Hanover Railways ; it is now proved to be 
faulty in design, especially upon the first-mentioned 
road where it has been longer in use. 

This manifests itself by the 
low or sunken joints which con- 
tinually recur, notwithstanding 
constant careful raising and re- 
tamping, in the breakage of 
bolts, or their becoming loose, 
and in the permanent dip or de- 
pression of the rail ends, which 
no raising and tamping can re- 
pair. ‘This is especially the case 
when the joint is what is called 
| “suspended,” that is with a 
| sleeper at each end of the fish 

bar, and none immediately under 
it. In fact the surface of the 
permanent way on the road in 














i question has, in consequence of 
this yvermanent dip or “ set” of 
the rails, become a series of 
waves or undulations having 
their crests in the middle of 
the rails, and their bottoms 
at the ends ; astate of things, 
the effect of which is shown 
in perceptible increase of 
wear and tear of engines and 
carriages. 

The difficulty seems to be 
in keeping the bolts suffi- 
ciently screwed up to pre- 
vent “spreading” of the fish 
bars, which is doubtless due 
to the steep incline of the 
surfaces on which the latter 
bear. This incline which, 
in the pattern in question, 
has an angle of 30°, does 
not give friction enough 
for the smooth surfaces of 
rolled iron, and causes the 
fish bars to “slip,” or have 
a constant tendency to slip 
too easily outward under 
the pressure of a_ passing 
load on the rails. Of course fish bars must be of a wedge 
form to give them a solid bearing, and also to cause them 
to fit in rails of unequal sizes, the production of which 
in the course of manufacture is nearly unavoidable, 
through the difficulty of heating the piles of iron alike 
causing the material to be unequally expanded when 
passing through the rolls, and to be contracted to 
various dimensions when afterwards cooled. But con- 
sidering that the greatest difference ever observed in 
the height of the midrib or web of rails of this class is 
not quite z in., there seems to be no necessity for the 
large angle which the bearing surfaces of these fish bars 
make together. The “play” allowed between the fish 
bar and the web of the rail is generally ¥ in., two-thirds 
of which may certainly be used in screwing the bars 
together, thus still leaving a margin of +)5 for extreme 
cases. This distance of slip towards the web of } in. 
makes, with the necessary increase of yin. (half the 
greatest observed difference in the height of webs), 
only an incline of 1 in 8, equal to an angle of 7° 7’, 
which will obtain a solid bearing in even the worst 
cases. ; 

The greatly increased friction due to this small angle 
must also to a great extent prevent the outward move- 
ment of the fish bars. 

Many engineers however, deem the large angle of 
30° necessary for the proper support of the head and 
a strong connexion with the base of the rail, and the 
manufacturers no doubt prefer it as easier rolled. But 
there are many rails in use having flat heads of 24 in. 
broad (which is }in. more than the round headed 
pattern of the Main-Weser road) supported on webs 
of 8, thickness (which is J; less than the other has) 
and the same total height (5 in.) which do not show 
any defects or breakage though the angle which these 
bearing surfaces make is but 20°, or 10° for each 


slope. 
This pattern of rail was extensively adopted by Cap- 
tain John Childe in the United States (we believe it 


was also designed by him) and it did not suffer from 
low joints like the rail on the German line. This was 
perhaps also due however, to the great length of fish 
bars adopted by him, which was 20in. and in some 
cases 22 in. with the ordinary thickness of }in. 

The fish bars on the German roads are mostly but 
15 in. long, a length which can hardly insure a solid 
bearing. For in case two rails are joined together having 
a difference in the height of web, the fish bars will be 
pressed closer to the web of the larger rail than to that of 
the smaller one, and it is evident that the bar must bend 
to be screwed up to a close fit. This curvature of the 
fish bars will of course be proportional to the difference 
in the rails, and short bars do not permit it as easily as 
long ones of the same thickness. For this purpose of 
bending the fish bars and bringing their ends closely 
home to a good bearing, the four bolt fastening is also 
preferable to the three bolt arrangement of the Han- 
over railway, in which one bolt is placed right at the 
junction of the rails; and this already shows signs of 
yielding. Two bolts close together at each end are 
required to force the bars to a tight fit and to keep 
them so. 

At any rate it has been shown in practice that fish 
bars 20 in. long with bolts sempoetioile 54in. and 8} in. 
from the middle and having but little taper at the top 
and bottom make a joint of far more permanent 
stability than those of the short pattern with steep 
bearing surfaces. 








Cuauses 1n Rattway Brius.—The reports of the Board of 
Trade on the Railway Bills of the Session are now making their 
appearance, and enough of them have been already issued to 
show how strictly they must be watched, The Metropolitan 
District Railway Company present a bill which is to confer on 
them power to underpin or otherwise strengthen any houses 
within 100 ft. of their railway. The Board of Trade suggest 
that it may deserve consideration whether the company ought 
to be allowed, without the consent of the person interested, to 
put a buttress or shore or other stay above the surface of the 
ground against a house which they do not intend to purchase, 
as the object of the clause appears to be to preclude persons from 
claiming compensation on account of their houses being in- 
juriously affected, and compel them to accept in lieu of it such 
strengthening as the company provide. The power asked by 
this company is novel. The Metropolitan Tramway Company 
apply for power to lay down tramways not projecting above the 
surface of the street, for the use of the company only and for 
carriages moved by animal a only, from Upper Holloway, along 
High-street, Islington, and the City-road to Finsbury-square ; 
from the Seven Sisters-road along Camden and Hampstead 
roads, and down Tottenham-court-road to its south end; from 
Edmonton to Kingsland, from Stratford to Whitechapel, and also 
tramways along any other streets, as may be agreed upon between 
the company and the street authorities. There is a clause in this 
Bill which, where the tramway is laid near the side of the road- 
way, may preclude the stopping of vehicles at houses or shops 
on that side of the road or street. The Pneumatic Despatch 
Company have already obtained powers to lay down tubes under 
the streets of the metropolis for the conveyance of despatches. 
They now ask powers which will enable them to convey passen- 
gers and goods. The bill proposes that they shall have power 
to purchase compulsorily vaults and cellars without purchasing 
the houses to which they are attached. This bill licks also the 
unprecedented power to take buildings or land compulsorily if 
authorised by the mere certificate of the Board of Trade. The 
owner of property taken from him compulsorily is not to have 
the right to have either the question of the necessity for taking 
it or the amount of oep ayn decided by a jury. A single 
arbitrator appointed by the Bourd of Trade is to settle the ques- 
tion of compensation, 

Rartway, Canar, Harsour, anp Dock Bir1s.—The 
number of bills deposited for this Session which relate to rail- 
ways, canals, harbours, docks, and tidal waters in the United 
Kingdom is 478, of which 417 relate to railways. Of these 
railway bills, 310 authorize new lines, which may be classed as 
follows :—126 bills promoted by new companies for the construc- 
tion of 1,424 miles of railway in England, 10 bills promoted by 
new companies for the construction of 179 miles of railway in 
Scotland, and six bills for the construction of 53 miles of rail- 
way in Ireland, making together 142 bills promoted by new 
companies for the construction of 1656 miles of railway. 130 
bills are promoted by existing companies for the construction of 
1456 miles of railway in England, 29 bills are promoted by 
existing companies for the construction of 349 miles of railway 
in Scotland, and nine bills are promoted by existing companies 
for the construction of 94 miles of railway in Ireland, making 
together 168 bills promoted by existing companies for the con- 
struction of 1899 miles of railway. The total length of proposed 
new railways in England is 2980 miles, in Scotland £28 miles, 
and in Ireland 147 miles, making the total 3575 miles. It ap- 
pears that there are, in addition, 89 miles of deviation lines 
proposed to be made. 

Borters oF H.M.S. Acrncourt.—The boilers of the Agin- 
court are of the ordinary tubular construction with return tubes 
over the furnaces. They are ten in number, placed in two 
different water-tight compartments, six being situated in the 
compartment next to the engines, and four in the forward one; 
they are arranged on either side of the vessel, with the stoking 
room between them. ‘There are in all 40 fireplaces 8 ft. long by 
8ft. wide, giving an area of firegrate of 0.7 square feet per 
nominal horse power, and 5200 brass tubes 2} in. in diameter 
outside, and 6 ft. 6 in. long, giving an area of fire or tube surface 
of about 19} square feet per nominal horse power. The total 





firegrate surtace is 960 square feet, and the total external tube 
sackans 22,111 square feet. 
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LAYING TELEGRAPH CABLES. 


In the course of the third Cantor lecture on Sub- 
marine Telegraphy, delivered by Mr. Fleeming Jenkin, 
at the Society of Arts, much information was given 
about the manner in which telegraph cables are now 
laid. The cables are stowed on board ship in large 
circular, or nearly circular water-tight tanks, the manner 
in which they are coiled being that which was explained 
in the extracts from Mr. Jenkin’s second lecture which 
we gave in our last number. The tanks fitted on board 
the Great Eastern for holding the Atlantic cable, were 
three in number. They were 20 ft. Gin. deep, and 
varied from 51 ft. 6 in. to 58 ft. 6in. in diameter. In 
the case of the Persian Gulf cable, the tanks were 
mostly elliptical. They were fitted on board five vessels, 
and their dimensions varied from 23 ft. by 26 ft. in 
diameter, and 10.3 ft. deep, to 32 ft. by 34 ft. in 


diameter, by 15 ft. deep, the former being the size of 


the fore tank of the Marian Moore, and the latter the 
dimensions of the main tanks of the Assaye and Tweed. 
The tanks for the Persian Gulf cable were the first 
made, but the first actually used were those employed 
for containing the Malta and Alexandria cable. In 
order to prevent rolling, they should be so placed on 
board ship that their centre of gravity is but slightly 
below the water line. The cable should remain covered 
with water during the whole time it is in the tank, as, 
if the water is withdrawn, the wires rust, and the 
chemical action set up heats them injuriously. It was 
stated by Mr. Jenkin, however, that when the cable is 
covered with galvanised iron wires, or coated with 
Bright and Clark’s composition, this heating does not 
occur, In the case of the Persian Gulf expedition, 
each vessel carrying the cable was provided with one 
of Gwynne’s centrifugal pumps, worked by a small 
donkey engine, for filling or emptying the cable tanks 
as might be required, 

The coils of the cable in the tanks are generally laid 
with a central space or eye 6 ft. or § ft. in diameter, 
and this space is fitted with a cylinder to prevent the 
cable from falling down and becoming “ kinked.” 
Messrs. Glass and Elliot lower this cylinder as the un- 
coiling proceeds, while Messrs. Newall and Co. employ 
a fixed central cone. The tanks for the Persian Guif 
cable each contained a central wooden core shaped as 
the frustrum of a cone, made perfectly smooth, and 
rounded off at the top edge with a 1 ft. radius. 
Near the top of the cone a ring was fixed in such a 
manner as to leave a clear space between it and the 
cone, through which the cable passed. As the cable 
was uncoiled a second larger ring, and in some cases a 
third also, was placed around the cone below that just 
mentioned; these rings were all made with a piece 
which could be removed when it was required to change 
the cable from hold to hold. This arrangement of cone 
and rings is patented by Mr. Newall. After leaving 
the rings the Persian Gulf cable passed through a bell 
mouth casting fixed above the cone, a portion of this 
casting being made removable to allow the cable to be 
changed from one hold to the other. 

After leaving the hold of the vessel the cable is 
conducted along troughs to the brake wheel by which 
the rate at which it is paid out is regulated. ” In the 
case of the Great Eastern the troughs leadi ig from the 
fore-hold to the brake were 450 ft.in length. The 
brake drum is generally 6 ft. or 8 ft. in diameter, and the 
cable is wound four or five times round it. The brake 
drum used for laying the Persian Gulf cable was of 
cast-iron, and was 6 ft. in diameter. It was provided 
with a crane brake on one side, was fixed on a shaft 
7 in. in diameter aud 6 ft. long carried by two bearings 

side. A second brake wheel, 5 ft. in 
diameter, was also fixed upon the shaft, and this was 
generally used, the larger brake being only intended to 
be employed in cases of emergency. The 





on the same 


rene) cable was 

passed four times round the brake drum, and then 
over a 4 {t. sheave at the stern of the vessel. 

The riding of the cable upon the brake drum is pre- 

vented by what is termed a knife or plough, an adjust- 








able plough being used on the Great Eastern. Con- 
cerning the method of regulating the speed of the 
brak ; whe l, Mr. Je nkin Says: P Ihe Si nplest manner 
* of applying retarding friction to the brake is to hang 
* a weight on to a brake strap, the other end of which is 
“fixed. If the weight is hung from that end of th 
= strap which would be lifted by the friction of the 
“drum as it revolves, the retarding force ean never 
“ exceed the weight, and a limit may thus be placed to 
“ the strain on the cable. But it was found in practice 
“ that with a strap making less than one turn round thie | 
“ drum, @ weight of, say four tons, had to be applied to 
“ give a friction of one ton; the limit due to the posi- 
PP 


tion of the weight was in such a case of small value. 








“ since any heating of the strap, or dirt upon its sur- 
“ face, might rapidly increase the strain fourfold.” 

To remedy this defect Mr. Appold’s brake, the prin- 
ciple of which is shown by the annexed figure, has been 
employed. This brake consists of a drum surrounded 


by a strap in the usual way, but having the ends of 
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this strap attached to a lever ¢ a, turning on a centre 
at ¢, as shown in the diagram; the other centres 
4 a being near together. When the drum is revolving 
in the direction of the arrow, the retarding friction is 
evidently equal to the difference between the strains 
upon the two ends of the brake strap, and this diffe- 
rence is almost exactly equal to the weight W applied 
to the end of the lever. If by any means the co- 
eflicient of the friction between the strap and the drum 
is increased, the weight is raised, and, owing to the 
eccentric position of the centre c, the strap is slightly 
loosened, and the friction consequently reduced. If 
the co-efficient of frietion become less, the opposite 
action takes place. ‘The motion of the lever ¢ @ neces- 
sary to loosen or tighten the brake strap is very slight, 
so that the angles formed by the brake strap and lever 
do not materially vary, and a sensibly constant retard- 
ing force is thus exerted. This brake was employed 
on the Great Eastern for laying the Atlantie cable, and 
was found to answer admirably. Mr. Jenkin gives the 
following formula for ealeulating the relation between 
the strains on brake straps and the friction produced. 
* Let Q be the strain on that end of the strap which 
* holds back the wheel, P the strain on the other end, 
* # co-ellicient of friction, and 4 the angle embraced by 
“the strap in circular measurement (unit =57.296°). 

Then; Q=e/* P, where e=2.71828, 

J may be taken for leather on iron .......+.+6.=0.35 
iron on iron, wet .........=0.15 

aad a wood on iron, wet, less than 0.1 

To guard against the application of strain from un- 
known causes, the cable after leaving the brake drum 
is passed under the pulley of a dynamometer by which 
the strain actually applied to it can be measured. 
This dynamometer consists of a weighted pulley under 
which the cable is passed at an obtuse angle. An 
increase in the strain upon the cable straightens it and 
raises the pulley, the actual amount of the strain being 
shown by a properly constructed scale. Speaking of 
proposed improvements in the machinery for laying 
telegraph cables; Mr. Jenkin states, that he believes 
the plan of carrying the cable on reels, as has been 
proposed, instead of in coils in the hold of the vessel, 
to be one which it would be ditlicult to carry out in 
practice, owing to the great weight of the mass in 
motion, and he considers the floating reel which has 
been proposed by Captain Selwyn to be quite inapplic- 
able. As regards the employment of springs arranged 
under the paying-out machinery for the supposed 
— of reducing the strain upon the cable produced 
vy the pitching of the ship, he states that cables are 
now paid out so nearly horizontally that such elastic 
arrangements would be of little or no use. 

lf a cable is laid in shallow water it can always be 
reclaimed and a fault repaired, so long as the outer 
wires remain sound, Concerning such operations Mr. 
Jenkin says: “ The cable is caught by a grapnel, lifted 
“ to the surface, cut, tested, and, if the fault be near at 
“ hand, one end of the cable is buoyed, the other end 
“passed round a drum driven by a steam engine, 
‘which gradually hauls in the cable until the fault is 
* found, when it is repaired, the cable again paid out, 
‘and spliced at the part buoyed. Bad weather and a 
** rocky bottom are the chief difficulties to be contended 
“with.” Instead of proceeding in the way above de- 
scribed, the cable is sometimes underrun, that is to say, 
it is passed over a sheave at the bows of the ship, and 
paid out again. at the stern of the vessel. If laid upon 
a muddy or | 





” ” 


sandy bottom, cables can generally be 
easily recovered from depths less than 100 fathoms, 
and they can be sometimes raised from much greater 
depths. 

For recovering cables from deep water, the only plan 
as yet successfully carried out is that of commencing 
in shallow water and gradually hauling the cable on 
board in the mamer already described. Messrs. Newall 
have been very successful in reclaiming cables in the 











Mediterranean in this manner, and Mr. Jenkin stated 
that he had seen “a cable hang for three days 
“at the bows of a ship, where the depth was 8 
“fathoms, while the ship pitched violently, Owing to 
“had weather; the cable dia not break, and was re. 
“laid with success. Even in this case, the rise and 
“fall of the ship did not injure the cable, but the 
“change in the strain on the cable was great, and 
“any good elastic compensation would have beey 
“useful; the cable itself yielding (say) } per cent. in 
“a mile gives a certain elasticity.” Cables haye 
been recovered from depths of from 1000 to 1509 
fathoms in this way, at the rate of about one mile 
per hour; but the risk of breakage is very great, and 
although the raising of deep sea cables cannot be called 
absolutely hopeless, yet a weak point or bad weather 
are almost certain to produce failure. 


In the case of the Atlantic cable the possibility of 
hooking a cable by a grapnel even in 2000 fathoms 
water was proved, and this is certainly a valuable fact, 
Many descriptions of grapnels have been designed 
either for holding or cutting telegraph cables. Mr. 
Latimer Clark’s grapnel is intended for both purposes, 
and this with several other varieties was shown by 
Mr. Jenkin on the occasion of his lecture. In Mr. 
Clark’s grapnel “the cable when hooked releases q 
“ catch, allowing a block, to which the grapnel rope is 
‘ attached, to slide up the shank, pulling round two 
right and left-hand screws by two steel bands; the 
screws close the jaws, which grip the cable or cut it; 
‘ or oue grapnel may be made both to cut and grip the 
‘cable. ‘The grapnel can lie in only two positions, 
‘ and if dragged in the proper direction, cutters placed 
“ut two diagonally opposed corners would cut the 
“cable certainly to seaward, and the jaws hold the 
“ landward end.” In a grapnel designed for either 
cutting or holding a cable, by Mr. Jenkin, “each 
“prong is hinged to a pin projecting beyond the 
“ shank, and the prong is so shaped at the root that 
“the cable when on it closes the prong tighter and 
“ tighter on itself, whereas the end of the prong when 
“ dragging through sand or mud is opened like a 
“ 'T'rotman’s anchor.” A simple form of holding grap- 
nel in which the cable is jammed between the prongs 
and a kind of half bollard, has been designed - Mr. 
Carpmael, jun. 








Rartway Briis.—The following among other railway bills 
have been read for the second time during the week:—Bed- 
ford and Northampton Railway, Bideford, Appledore, and 
Westward Ho’ Railway, Birmingham and Sutton Coldfield Ex- 
tension Railway, Bishops Castle Railway, Bristol and Portishead 
Pier and Railway, Bromyard and Hereford Railway, Caledonian 
Railway (Lanarkshire, &c., Branches), Central Wales Extension 
Railway, Croydon, Mitcham, and Kingston Railway, East and 
West Junction Railway (capital), East and West Junction 
Railway (Southam Extension), East Norfolk Railway, Elham 
Valley Railway, Ely Valley Railway, Esk Valley Railway, 
Fochabers and Garmouth Railway, Forth and Clyde Junc- 
tion and North British Railway Companies, Greenock and Ayr- 
shire Railway, Huddersfield ‘and Halifax Railway, Hull and 
Hornsea and North-Eastern Railway, Ilfracombe Ra:lway, 
Knighton, Central Wales, and Central Wales Extension Rail- 
ways, Lancashire Union Railways, Llanelly Railway and Dock, 
London and North-Western and Cockermouth and Workington 
Railway Companies, London and North-Western and Midland 
Counties Coalfields Railway, London, Brighton, and South Coast 
Railway (St. Leonard’s and Hastings Lines), London, Chatham, 
and Dover Railway (Chatham Dockyard Branch), London. 
Worcester, and South Wales Railway, Manchester and Stockport 
Railway, Mersey Pneumatic Railway, New Romney Railway, 
North British and Leadburn, Linton, and Dolphinton Railway 
Companies, North British Railway (Camps, &c., Branches), 
North British Railway (St. Margaret’s Diversion), Ross an¢, 
Tewkesbury Railway, Solway Junction Railway (capital) 
Southam Railway, South Yorkshire Railway, Stafford, Chureh- 
bridge, &c., Stourbridge Railway, Swansea, Vale of Neath, and 
Brecon Junction Railway, Swansea Vale Railway, Teme Valley 
Railway, Thames Tunnel Company, Uxbridge and Rickmans- 
worth Railway, Wantage and Great Western Junction Railway, 
Waterford and Limerick Railway (arrangements), Worcester, 
Bromyard and Leominster Railway, Wrexham, Mold, and 
Connah’s Quay Railway (additional capital), Ardrishaig and 
Loch Awe Railway, Clevedon and Portishead Railway, Cork 
and Youghal Railway, Eastern Bengal Railway Company, Hat- 
field Chase Warping and Improvement Railway, Midland 
Counties and Shannon Junction Railway, Pneumatic — 
Company and Sutherland Railway, Berwickshire Rai wal 
Brampton and Longtown Railway, Calne Railway, Crofthea 
und Kilmarnock Extension Railway, Devon Valley and North 
sritish Railway Companies (arrangements), Devon Valley an 
North British Railway Companies (branches), Great Kastera 
Railway (additional powers), Great Eastern Railway (Ale 7s 
dra Park unches), Great Northern Railway (adaiton® 
powers), Hadlow Railway, London, Brighton, and South Coast 
Railway (various powers), Muswell-hill Estate and Railways, 
Neath ‘and Brecon Railway and other Companies, North British 
Railway (Coatbridge, &c., Branches), North British Railwa, 
(new. works, &c.), North British Railway (Stirlit eo. 
Branches), North British Railway (Wishaw, &e., ~~ 
Parsonstown and Portumna Bridge Railway, Swindon, Calne 
ind Cricklade Roads, Teign Valley Railway. 
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LOW’S BORING MACHINE. 
(For Illustration, see Next Page). 


Dunne the past few years considerable attention has been 
paid to the construction of boring and tunnelling machinery, 
and, aS & necessary consequence, many plans have been pro- 
posed. These plans may be divided into two principal classes ; 
the first comprising those machines in which one or more 
‘‘jumpers,” or tools acting by percussicn, are employed; and 
the second including those in which regular cutting tools are 
used. Amongst the former are the tunnelling machines of M. 
Sommelier used at the Mont Cenis tunnel; Schwartzkopf and 
Phillipson’s, in use in some of the Swedish mines; Crease’s, 
Freeby’s, Sax’s, Westmacott’s, Low’s, and some others, besides 
many machines desigued expressly for coal cutting purposes. 
‘The second class of machines includes Captain Penrice’s, tried 
at the Malvern tunnel; Gay’s, Vallauri and Buquet’s, De la 
Haye’s, Munro and Scott’s, and Carret’s coal cutting machine, 

‘The system which forms the subject of the present notice is that 
of Mr. George Low, which is intended for tunnelling and boring, 
and also for coal cutting purposes. It consists of three princi- 
al parts, the boring machine proper, the carriage by which the 
wring machine is supported in any required position, and the 
air compressing engine. In the present description we shall con- 
fine ourselves to the two first parts only. 

One arrangement of the details forming the boring machine 
proper is shown by Figs. 2 to 6, page 120. The boring tool is 
attached to the rod of a piston reciprocating in a brass cylinder, 
which is, in its turn, capable of traversing and alse rotating 
within an outer cylinder made of wrought iron. This outer 
cylinder is furnished with trunnions, through one of which the 
compressed air used for working the machine is received, 
and transferred vy a pipe, shown at the upper side of 
Fig. 8, to a chamber at that end of the outer cylinder 
which is farthest from the rock being bored, or, as we 
shall term it, the outer end of the cylinder. The inner 
cylinder is packed by metallic or other packing, so that it 
slides air tight within the outer cylinder, and the pressure 
of the air within the chamber just mentioned acting on the end 
of the inner cylinder, would tend to force it forward against 
the face of the rock if its motion were not prevented by an 
arrangement which we shall now describe. To the inner end 
of the outer cylinder are attached two guide bars, between which 
the tool reciprocates; these are serrated along their inner 
surfaces with teeth of about 14 in. pitch, and they carry at their 
extremities a cross piece, forming a guide for the tool. ‘The 
part of the inner cylinder which projects from the outer cylinder 
is attached to a crosshead sliding on these guide bars, and 
this crosshead carries two pawls, or, as they are termed by Mr. 
Low, “‘cam-bars,” which fall into the teeth or notches in the 
guide bars, and prevent the advance of the inner cylinder. The 
cam-bars are made capable of vibrating upon centres on the 
crosshead, and their extremities are drawn together by a spiral 
steel spring, this forcing the other ends of the cam-bars into 
the notches on the guide bars, as shown by Fig. 2. 

The piston and rod reciprocating within the inner cylinder, 
are formed in one piece, the piston being packed with metallic 
rings. The piston rod is flattened on two sides, and the gland 
and packing ring through which it passes being shaped so as to 
fit it, it is thus prevented from rotating within the cylinder. 
The end of the piston rod is slightly tapered, and when, from 
the tool having penetrated into the rock, the stroke of the 
piston becomes longer than that at which it is intended to work, 
this tapered portion comes between the ends of the cam-bars to 
which the spring js attached, and forces them apart. The other 
ends of the cam-bars being thus raised out ot the notches in 
which they rest, the inner cylinder is forced forward by the 
pressure of the air in the chamber at the outer end of the outer 
cylinder, and the crosshead and with it the cam-bars are thus 
carried clear of the tapered portion of the piston rod. The spring 
then draws together the ends of the cam-bars to which it is con- 
nected, forcing the other ends into the notches next to those in 
which they betore rested, and ali the parts resume the position 
which they occupied before the cam-bars were struck by the 
tapered portion of the piston rod, except that the inner cylinder 
has advanced towards the rock which is being bored to the ex- 
tent of one notch, or 14 in. 

_Each of the cam-bars has recessed into it two small diagonal 
sliding pieces not shownin the figure. These sliding pieces are 
pressed forward by spiral springs, and when the cam-bars are 
raised out of the notches by the blow of the piston rod, they slip 
between the teeth of the guide bars and the cam-bars, and keep 
the latter in the position to which they have been raised, until, 
upon striking the next notch, the sliding pieces are forced back 
iuto their normal position. ‘To prevent the inner cylinder from 
sipping too suddenly from one notch to another, the crosshead 
is provided with two copper brakes, which are each pressed 
against the guide bars by a powerfulsteel spring. ‘The pressure 
exerted by these springs is regulated by screws furnished with 
handles, as shown on Figs. 2 and 3; these handles also serve to 
draw back the crosshead by hand when it is necessary to 
change the tool. 

At the end of the inner cylinder is formed a valve face covered 
by a circular valve furnished with six or more inlet ports and 
SIX Or more exhaust ports. This valve is fixed upon the square 
portion of a spindle which passes through it and enters into the 
piston W orking the boring tvol, as shown in Fig. 3. ‘The portion 
vi the spindle which works inside the piston has formed upon it 
phon sa er cam, which is acted upon by four small rollers 
side « jean the piston, as shown by ig. 2, and by the left-hand 
Side of the transverse section, Fig. 4. It has been already stated 
that the piston is incapable of revolving in the cylinder, and it 
a » it reciprocates backward and forwards, imparts, by 
ania F. r; on a rollers, « partial rotary motion to the 
ot the cplind + - th ng a on tt, The pests at the end 
with Ra wep gm za brought in alternate communication 
sel dean ee | ex “yen ports of the valve. The compressed 
roe aary ‘. pose to _ end of the cylinder next the boring 
cuthineatthe Ry va Re 2 acting upon the annular 
trlace ofthe piston around he piston rod, and tending to fre 
the nee ards. When, by the action of the circular valve, 

pressed air is admitted to the other side of the piston, it 








acts upon a larger area and drives the piston, and with it the 
tool, forward, inflicting a blow upon the rock. Daring the 
stroke the rollers, acting upon the spiral cams, turn the valve 
and release the air from the cylinder, when the tool is withdrawn 
by the constant pressure of the air on the annular area on one 
side of the piston, as already mentioned. 

The spindle by which the valve is worked is made with a square 
hole down its centre, and in this is fitted a bar which passes 
through the chamber at the end of the outer cylinder and is fur- 
nished at its extremity with a double lever carrying two pawls as 
shown by Fig. 5. The bar just mentioned has of course the 
same partial rotary motion as the valve spindle, and the pawls 
are thus enabled to act alternately upon a ratchet wheel fixed 
upon the end of a shaft passing along the underside of the outer 
cylinder as shown by Fig. 3. The other end of this shaft car- 
ries a pinion which gears into a wheel formed upon the project- 
ing portion of the inner cylinder, and thus this cylinder, and with 
it the tool, is turned partly round, by the action of the central 
spindle, pawls and ratchet wheel, at each stroke of the piston. 
It is, however, preferred by Mr. Low to work the shaft passing 
along the underside of the cylinder by hand instead of by the 
self-acting gearing which we have just described. For this pur- 
pose either a hand wheel fixed upon a short shaft carrying a 
mitre wheel gearing into another mitre wheel on the shaft 
already mentioned, or double levers with pawls giving motion to 
a ratchet wheel on that shaft, may be employed. 

The ends of the guidedars are furnished with pointed steel 
screws as shown in Fig. 3, by which the machine can be steadied 
against the face of the rock, The guide for the tool, which is 
formed in the piece connecting the ends of the guide bars, is so 
made that the upper part of it is easily removable and the tool 
can thus be readily changed. 

An improved arrangement of the boring machine, which Mr. 
Low now adopts, is shown by Figs. 7 and 8. In this case, the 
notched guide bars are replaced by screws, the threads of which 
are formed to a pitch of 3in. The general arrangement of 
cylinders and valve gear is the same as that already described, 
but the crosshead, instead of being restrained by the cam-bars 
pressing against the teeth of the guide bars, bears against brass 
nuts working on the screws just mentioned. These nuts are 
prevented from rotating by a detent, forced by a spring into 
catches, formed upon them. This detent is made, as shown in 
Fig. 8, so that it 1s depressed, and the nuts released, by the 
tapered part of the piston rod coming in contact with it, in the 
same way as the cam-bars used in the other arrangement. 
The nuts make one-fourth ot a revolution, and the crosshead is 
consequently advanced } in, each time the detents are struck 
by the piston rod. The nuts are also furnished with worm 
wheels formed on them, into which gear worms formed on a 
short shaft carried across the end of the cylinder above the 
screws, a8 shown in section in Fig. 8. This shaft is furnished 
with a crank handle, by which the shaft, and consequently 
the nuts, can be turned by hand. 

The manner in which the tool is attached to the piston rod is 
shown by Fig.7. It will be seen that the tool is held by two 
catches, which when the tool has been inserted into its place in 
the piston rod, fall into notches formed in the shank, and are 
secured there by a species of gland surrounding the tool, and 
screwed into the piston rod, as shown. 

We must now describe the carriage by which the boring 
machine proper is supported. This is constructed in many 
forms, to suit different varieties of work, and is made to carry 
one, two, or more boring machines, according to circumstances, 
One of the most complete forms is shown by hig 1 of our illus- 
trations, this representing Mr. Low’s tunnelling machine with 
one borer adapted for working in an adit or tunnel, 6 ft. by 5 ft. 

The’ carriage consists of a cast-iron frame, 6 ft. 8 in, long, 
supported upon four wheels, 1 ft. in diameter, running upon 
rails placed for them. From the centre of the frame rises a 
hollow cast-iron column, containing the donkey engine, with a 
cylinder 4$in. in diameter, and 6 in. stroke, by which all the 
gearing of the various traversing motions is worked. A tubular 
arm projects from the front of the main pillar at such a height 
that its centre about corresponds with the centre of the tunnel, 
and the outer portion of this arm is surrounded by a casing, as 
shown by the Figure. From the end of this casing two guides 
project at right angles to it, and upon these slides a socket car- 
rying a conical spindle, to the projecting part of which the 
boring machine is attached by means of a ball and socket joint. 
The boring machine, instead of being supplied with air through 
one of its trunnions, receives it through a flexible pipe attached 
to the end chamber, as shown in the illustration, The connect- 
ing rod of the donkey engine is connected with a crank formed on 
ashaft which runs through the tubular arm already mentioned. 

From this shaft the various motions are derived as follows: 
First. A mitre wheel on the shaft, driven by means of a clutch, 
gears into another mitre wheel on a vertical shaft carrying a 
worm atits lower end. ‘This worm gears into worm wheels 
fixed upon a horizontal shaft which carries at each end a bevel 
wheel, and these bevel wheels gear into others fixed upon the 
carrying axles of the carriage. By this set of gearing there- 
fore the motion of the whole machine along the rails can be 
regulated, 

Second. A worm carried on the crank shaft, and also driven 
by a clutch, gears into a worm wheel fixed upon a short ver- 
tical shaft having at each extremity a worm; these gearing 
into worm wheels fixed upon two short horizontal shafts which 
pass oue above and one below the tubular arm of the central 
pillar. These two shafts have upon them worms which take 
into a worm wheel formed on the casing by which the tubu- 
lar arm is surrounded, consequently, byj working this train of 
worms and worm wheels the casing can be turned round upon 
the tubular arm. 

Third. A worin near the outer end of the crank shaft gears 
into a worm wheel on a screw arranged between the guides on 
which, as we have already explained, the socket of the spindle 
which supports the boring machine slides. By working this 
worm, which is driven by a clutch, the socket above men- 
tioned can be brought nearer to or removed farther from the 
tubular arm. 

Fourth. Another worm, fixed upon the crank shaft close to 
that last described, and also driven by a clutch, gears into a 
worm wheel fixed upon a shaft which passes behind and 





parallel to the guides upon which the socket of the boring 
machine spindle slides. This shaft has a keyway formed in it 
for its whole} length, and upon it slides a worm, which gears 
into a worm wheel fixed upon the conical spindle which carries 
the boring machine. This gearing, therefore, gives the power 
of rotating that spindle. 

We should have stated before that the donkey engine is fur- 
nished with reversing gear, so that any of the sets of gearing 
can be driven in either direction. The engine which, like the 
boring machine, is worked by compre air, can be run at 
250 revolutions per minute, and any of the movements can 
therefore be performed very quickly. The boring machine is so 
nearly balanced on its ball and socket joint, that it can readily 
be moved by hand in ‘any required direction. It is found, in 
practice, that the air in the chamber at the end of the outer 
cylinder of the boring machine acts as a cushion, and prevents 
the crystalisation of the parts exposed to percussion; and it 
moreover reduces the shock upon the carriage, so that no 
clamps are required to hold the latter in its place in the tunnel, 
a wedge under the wheels being all that is required. The 
width of the carriage is such that the debris can be removed 
past the side of it whilst the machine is at work. 

In addition to the carriage which we have described, Mr. Low 
has designed several other varieties to suit special circum- 
stances, Thus, for sinking shafts the machine is attached to 
the bottom of a kind of skeleton cage suspended from a chain, 
and lowered as the work proceeds. The cage is held by cight 
clamps pressing against the sides of the shaft, and is made so 
that the excavated rock can be removed through it without 
stopping the machine, For working in open cutting, or in 
quarries, the machine is carried by a kind of crane jib, made so 
as to be adjustable in various positions. In such cases, the 
boring machine is driven by steam supplied by a boiler fixed 
upon the base to which the gib is attached. : 

Mr. Low’s boring machine has done good work at. the Dublin 
Corporation Waterworks Tunnel at Roundwood. The material 
bored is in this case a green hornblende, intersected by quartz 
veins, and is exceedingly hard. In drilling it by hand, twenty- 
four jumpers were sometimes blunted in drilling a hole 20 in. 
deep, while with the machine holes of a greater depth have been 
bored with only one change of tools. The time occupied was 
only about one-fifth of that required by the miners. It was 
found that the tools would do a greater quantity of work with- 
out being blunted, and in the same time, if they were worked at 
a high speed with a light blow, than if they were used at a 
slower speed with a heavy blow. ‘The speed at which the tools 
are worked has been consequently increased from 250 to 500 and 
600 blows per minute. By this means a hole 26 in. deep has 
been bored in Roundwood granite with one tool, without sharpen- 
ing A hole 144in. deep has been bored in granite by this 
machine in seven minutes, and the average rate at which it 
drills the rock of the Dublin Waterworks tunnel is 1 in. per 
minute. The hole being drilled is kept clear by a water-jet. 
The boring rhachines are supplied with air by the air compress- 
ing pumps, at a pressure of from 75 to 125 1b. per square inch. 
Mr. Low is now making his boring machines and air compressors 
at the St. Peter’s Iron Works, Ipswich, and the drawings from 
which our illustrations were prepared were kindly furnished by 
him, 








Tue Hercutes Armour Puat«s.—At Portsmouth on 
Saturday, on board the armour-plate proof-ship Thunderer, a 
plate 9 in. in thickness from John Brown and Co., Atlas Steel 
and Iron Works, Sheffield, and one 6 in. in thickness from Charles 
Cammell and Co., Cyclops Steel and Iron Works, Sheffield, were 
put through the customary firing test, in accordance with the new 
conditions of trial recently established by the Admiralty, and 
both plates proved of excellent manufacture. They represented 
the armour now being manufactured by the two firms named 
for the Hercules, broadside gun frigate, ordered to be com- 
menced at Chatham dockyard from designs furnished by Mr. 
E. J. Reed, Chief Constructor of the Navy. Eight inch spherical 
shot were fired at the plates, with 13 1b. of powder, at a distance 
of 30 ft. Messrs. John Brown and Company’s 9 in. plate is the 
first of that thickness of metal which has yet been tested at 
Portsmouth, and considerable interest was therefore felt as to 
the manner in which it would resist the shots—taking a 6 inch 
plate under fire as a means of comparison. ‘Twelve shots were 
fired at the plate, all overlapping each other at the edges of their 
blows, and the three central shots being delivered on the centre 
of previous shot indents. ‘The damage inflicted was very trifling ; 
in fact, after the plate had been struck by the first four shots 
it seemed to be improved by those which followed. There was 
no sign of a crack on the face of the plate at the conclusion ot 
the firing, while the greatest depth made by the shots in the 
centre of their indents in the cluster of shot marks was only 
2}in. A ship clothed with such armour would be as impervious 
to 8 in. shot fired from 95 ewt. smooth bore guns as she would 
be to snowballs. ‘The target, which was built to represent a 
section of the ship’s side for which these six and nine inch 
armour plates are now being manufactured, and that af terwards 
gained such fame at Shoeburyness as “ The Hercules Target” in 
the latter part of last year, by its successful resistance to the 
Armstrong 800-pounder gun with its enormous projeetiles and 
powder charges, and its subsequent contest with the Armstrong 
600-pounder, or “ Big Will,” was faced with its 8 in, and 9 in. 
plates—to the excellent quality of which the successful resisting 
power of the target may justly be attributed—by Messrs. 
Charles Cammell and Co,, the makers of the 6 in. plate tried 
with Messrs. Brown’s 9 in. plate on Saturday, and the sharers 
with the latter firm in the Admiralty contract for the supply of 
the armour-plating for the Hercules, d 

Exp.osivE Force or Gas—Mr. F. J. Evans, the engineer 
to the Chartered Gas Company, has made many experiments to 
determine the initial explosive force of gas in mixture with nine 
times its volume ofair. He has found it to be from 70 lb, to 80 lb. 
per square inch. It has been stated that Dr. Drake, ef Phila- 
delphia, had observed an explosive force of 1601b. to 200 Ib. 
with the same mixture. Mr. Evans has experimented with gas 
as a substitute for gunpowder in light ordnance, and he has 
found that one cubic foot of mixed gas and air in the propor- 
tion of one to nine, is about equal in the effect of its explosion 
to loz. of gunpowder. 
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LOW’S ROCK BORING MACHINERY. 
(For Description, see Page 119). 
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PUBLISHER’S ANNOUNCEMENT. 


The sixteen pages forming the reading matter of this 
journal will, in a short time, be printed upon heavier paper, 

iving more clearness to the type and woodcuts. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

All letters connected with the business department of 
this paper to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, Londor, W.C. All 
other letters to be addressed, there, “‘ To the Editor.” 


Cheques and money orders to be made payable to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 

No sums of money are to be paid on account of ENGI- 
NEERING except to the written order of the Publisher, Mr. 
Charles Gilbert, no other person having any authority to 
make collections on account of the Proprietor. 


ENGINEERING is registered for transmission abroad. 
Tue InstTITUTION OF CrvIL EnGIneERS.—Tuesday, February 27th, at 


8 p.w.—“ The Iydraulic Lift Graving Dock.” By Edwin Clark, 
M. Inst. C.E. 
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WHAT NEXT? 
We do not ask the question lightly, as it is com- 
monly uttered in the expression of wonder or incre- 
dulity, but we would like to anticipate, if we could, 
and in all seriousness, the discoveries and reforms 
which are to give to the engineering practice of the 
next ten years that extraordinary originality and pro- 
gress to which we have been accustomed since the 
beginning of 1856. A large number of engineering 
ideas which were then unthought of, or thought of 
nly as chimeras, have since been established as truths, 
and their application has been already attended with 
great national advantages. This remark may not apply 
so nearly to the practice of civil engineering (as that 
term is uilieesie understood), as it does to various 
branches of mechanical, naval, ordnance, and agricul- 
tural engineering. But even in the building of bridges 
and piers we now employ concrete and cylinder foun- 
dations to an extent hardly thought of ten years ago. 
Many of our engineering undertakings, too, such as 
underground railways and pneumatic railways, are 
wholly original, and others, such as the main drainage 
works, the Mont Cenis tunnel, and some of the larger 
bridges, finished or taken in hand, are of a magnitude 
far beyond anything which the present generation of 
engineers had previously carried out. 

In other directions we have had a series of dis- 
coveries and improvements not often comprised within 
the same period of time. The Bessemer process alone 
is believed to have already effected a saving of six 
millions yearly in the production of steel for various 
purposes, especially for rails. This estimate of course 
takes account both of the saving in the cost of pro- 
duction and of the improved quality of the motel, as 
compared with iron previously used for the same pur- 
poses. We are unable even to imagine in what direc- 
tion we may look for a new discovery which shall 
arouse the same degree of interest, and achieve as 
great results as this single step in the conversion of 
iron. We cannot doubt that, irrespective of the great 
benefits which it has conferred upon metallurgical 
industry, the novelty and simplicity of the Bessemer 
process have charmed thousands of minds, and that 
almost as many thousands of persons who before knew 
little or nothing of the ied 2 of making steel, have 
acquainted themselves with a considerable branch of 
science in following the history of Mr. Bessemer’s 
success. 

_ The interest of the Bessemer process has, however, 
i a great measure, subsided by reason of its very 
success, and almost all that can be said of it now is 
already widely known. In the mean time, other im- 
provements have been made in the production of special 
qualities of iron and steel, and in many cases these im- 
provements have been aided by the results of chemical 
inquiry. The leading ironmasters now subject all 
their ores and coal to analysis, and there can be no 
doubt that the results have given increased certainty 
to the production of steel, and of some descriptions of 
iron. e are now familiar, too, with masses of cast 


never cast to shape, nor cast at all except in ingots of 
comparatively small dimensions. _“ Homogeneous 
* metal,” as a certain class of mild steel has been 
called, has become an article of commerce only within 
the last ten years, notwithstanding that the means em- 
= in its production had slumbered in books for 
1alf a century or more. Malleable cast iron was known 
toa limited extent even in the last century, chiefly 
through the researches of Reaumur, but it is only very 
lately that malleable castings have been largely pro- 
duced. Within the last ten years the composition of 
iron and steel have been more widely and popularly 
discussed than ever before, and there can be no ques- 
tion that vast improvements have been made within 
this time. We may hope that further improvements 
may follow, but we can hardly foresee what they are 
likely to be, unless welding be substituted for rivetting 
in the construction of boilers and ships. 

Next to the manufacture of iron and steel, we have 
made great changes in the construction of ships of 
war and in ordnance. We need hardly dwell upon 
what these have been, for every one who has taken the 
least interest in the subject must be already familiar 
with them. But we can hardly expect that within the 
next ten years we shall witness as many and as extra- 
ordinary innovations ; nor even that we shall be in the 
possession of further reasoning, as novel and as abun- 
dant in detail as that which has determined the recon- 
struction of our navy and naval armaments. 

We cannot see how we are to have in future, any- 
thing like the scope for discussion which ships’ armour, 
heavy wrought-iron guns, turrets, tripod masts, cen- 
tral batteries, &c., have thus far given us. No doubt 
it will be the fervent wish of many that we have at last 
arrived at fixed principles, and that we may indeed 
rest and be thankful. But we cannot but remem- 
ber that the widest field of scientific and practical 
thought was opened by the introduction of ships’ 
armour. It involved questions of the displacement 
and sailing qualities of ships, of the manufacture and 
mechanical fastening of the plates, of the relative 
powers of resistance of plates of different thicknesses, 
of the form, mass, and initial velocity of projectiles, of 
the construction, working, and protection of guns, and 
in fact, almost every condition of naval warfare. ‘The 
Emperor Napoleon’s iron plates upon La Gloire intro- 
duced us to new necessities, threw upon us the burden 
of almost endless experiments, and compelled us to 
adopt new reasoning, and to act upon newly-established 
principles. If we have indeed attained anything like 
vottled results, then the field for discussion has been 
nearly filled and we cannot expect that much more can 
be said. 

As for ordnance, we have had not only to consider 
its destructive power against armour, but also its 
improvement with reference to range and accuracy. 
We have already reached a point where our guns can 
send a shot with the certainty of hitting objects 
beyond the range of the eye, and it is doubtful whetler 
guns can ever be required to do more than this. 
There is no doubt that attempts will be made to con- 
struct larger and larger guns, and with these attempts 
we shall have more material for discussion. But the 
principles of gun construction have, we believe, been 
already well settled, and we can hardly hope soon for 
much that is new. 

Ten years ago, we had hardly such a thing’ as a 
twin-screw steamer; now twin screws are adopted 
in the navy, and our readers need not be told Soe 
much discussion has been elicited by them. Ten years 
ago the steam plough was only regarded as a most 
doubtful experiment; now there are many hun- 
dreds of steam ploughs at work, with the best 
results to the farmer and to the mechanical engineer. 
Ten years ago there was hardly such a thing as a 
traction engine in the kingdom ; now traction engines 
go upon journeys of hundreds of miles, drawing 
weights of ten, twenty, and even forty tons, over com- 
mon country roads. ‘len years ago we had no steam 
fire engines in London; now they are sent to almost 
every fire. Ten years ago all our locomotives burned 
coke ; now nearly all burn coal, with little or no smoke. 
Ten years ago we fed our steam boilers by means of 
force pumps; now some-ten thousand boilers in 
the kingdom are supplied with water by means of that 
remarkable instrument, the injector. Ten years ago 
we had but few submarine ae nor had their proper 
construction been carefully investigated. We have not 
succeeded as we could wish in telegraphing under the 
Atlantic—although this has actually con done—but 
we have settled the conditions under which long sub- 
marine cables can be laid and worked in two miles of 
water. Ten years ago we had hardly begun to reform 





teel of great weights, where, ten years ago, steel was 





our marine engine practice. Within that period we 


have given great attention to superheating, and have 
revived the earlier practice of surface condensation, 
and we have worked steam more expansively than 
before. The result has been a very great saving in 
fuel, and it may be said that since 1856 we have made 
greater reforms in this direction than had been known 
from the beginning of the present century.. Ten years 
ago, we may add, the Great Eastern still rested upon 
her stocks; but we cannot argue more from her con- 
struction than that the largest ships are mechanically 
and nautically practicable, and commercially unsuc- 
cessful. 

Ten years ago we knew nothing of the analine dyes, 
and centrifugal pumps had hardly taken their place 
among the recognised appliances for draining, and for 
the raising of water generally. The causes of boiler ex- 
jlosions, now generally understood, were then scarcely 
cnown. We might go on and cite other instances of 
progress, but they would not add greatly to the force 
of the comparisons already drawn. 

Speaking generally, no one can doubt that great 
strides in improvement will be made in the next ten 
years. But it is impossible for us now to foresee their 
direction. Those who (and they are many) pursue 
scientific and engineering subjects because of the 
constant novelty and wide interest which have so long 
attended them, cannot but be excused a feeling of 
curiosity as to whether such startling, such varied, and 
such conflicting ideas are to be brought forward during 
the next as during the past ten years. 








THROUGH PASSENGER RAILWAYS. 


We believe that most of the leading engineers have 
by this time recognised the impending necessity for a 
new system of railways. Whether we turn to the 
offices in Westminster, or elsewhere in the metropolis, 
or in the kingdom, we must believe that the insufficiency 
of the present railway system, for the accommodation of 
what Mr. Scott Russell would very properly designate 
“the traffic of the future,”, has long since: been con- 
spicuously apparent. There are railways which are 
duaie overworked. The Brigiton line is an example. 
Its managers, although they no doubt do their best, 
cannot properly accommodate the traflic which comes 
to them. The London and North-Western Company 
had, some years ago, to lay down a third line between 
Bletchley and London, and upon other metropolitan 
lines the frequency of trains ee become such, that 
safety is not nearly so well assured now as it was a 
very few years ago. 

lt is well known that the metropolis and the larger 
provincial towns are growing more rapidly than the 
rest of the kingdom. London now numbers its three 
millions or more, and whoever has to prepare plans for 
the future cannot reasonably count upon a population 
of less than five millions. Liverpool, Glasgow, Man- 
chester, and Birmingham are likely, within this gene- 
ration, to number each a million of inhabitants. With 
this increase in numbers, and with the growing tastes 
of modern times for greater accommodation and luxury, 
as evidenced in the prevailing costly style of residences, 
hotels, &c., we may be sure that improved railway 
facilities will be demanded ; and it is quite time to con- 
sider, if, indeed, the question is not already under con- 
sideration, how these may be supplied. 

We believe that the present railways must, in a great 
measure, become occupied as coal and general goods 
traffic lines. There will be enough for them to do in 
goods and minerals, and in accommodating local traffic 
from station to station. In addition, then, to the 
existing railways, we shall require direct lines between 
the metropolis and the larger provincial towns, for the 
pavchainin eh of passenger traffic only. These should 
be made of 7 ft. or 8 ft. gauge, and. should be worked 
only in stages of from 50 to 100 miles, without inter- 
mediate stops, and at from 60 to 80 or 100 miles an 
hour. We could thus reach Birmingham in an hour 
and a half, Liverpool in three hours, Glasgow and 
Edinburgh in six hours, and our favourite Brighton in 
forty-five minutes. 

Mechanically all this can be done, although we should 
need to improve upon our present permanent way and 


rolling stock. ‘The former would need to be laid upon 


easy gradients and with curves of not less than half 
a mile radius. It would require a deeply ballasted road- 
way with longitudinal timbers, and deep steel rails, 
having a base perhaps 8in. wide. We are not for- 
getting the great and obvious advantages of the pneu- 
matic system, but, we are not prepared to say that this 
would be commercially practicable with ber lines 
above ground; although there is much room for the 
belief that all our fast passenger traffic may yet be con- 





ducted in pneumatic tubes. Supposing that we kept 
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to steam, we should require larger engines than have 
yet been adopted, say tank,engines weighing from 60 to 
70 tons, and having 3500 to 4000 square feet of heating 
surface, 20 in. cylinders, 2 ft. to 2 ft. 6 in. stroke, and 
10 ft. driving wheels. Such engines would be worked 
at perhaps rather more than the Great Northern Rail- 
way, and North London Railway pressure, which is 
160 lb. per square inch, and, while taking from 2 to 3 
tons of coal, they would pick up their water upon Mr. 
Ramsbottom’s plan, at short intervals, so that not more 
than 500 gallons, or 24 tons, need be carried at any 
one time. If an 8 ft. gauge were adopted, as for the 
comfort of passengers it should be, room would be 
afforded for placing two boilers of moderate dimensions 
side by side, and one firebox could be made to answer 
for both if thought best. 

Mechanically, we can do almost anything with rail- 
ways, in the way of weights and dimensions, that we 
can accomplish with ships, armour, forts, or any great 
work whatever. And it is nearly time that all reve- 
rence for the narrow gauge, and the existing capacity 
of railways was dispelled.. Our convenience in railway 
travelling is at present limited to our gauge and to the 
existing means of transport. But let it be given out 
that a speed of 80 miles, or even 100 miles an hour is 
required, and the railways and the engines can be made 
to attain it. Mr. Gooch’s experiments, nearly twenty 
years ago, showed us that upon a good line the resis- 
tance at even 60 miles an hour was not much greater 
than 20 lb. to 25lb. per ton, and we may conclude, 
therefore, that on an equally good or a better line, 
10 lb. per ton would cover all the resistances at 100 
miles an hour, and thus that an engine and train weigh- 
ing 150 tons could be moved at that speed with 


6000 lb. tractive force, corresponding to 60 lb. 
mean cylinder pressure, and 1600 indicated horse 
power. With all the advantages which the introduction 


of steel has given to engineers, it is quite possible to 
obtain one and a half indicated horse power for every 
hundredweight of the engine, or 1500 horse power 
for 54 tons. 

No one who has carefully observed the direction of 
modern improvements durmg the last few years, can 
doubt that through passenger lines will yet be under- 
taken and carried out. 


LOCOMOTIVE CHIMNEYS. 

Many of our readers will recollect the eight-coupled 
groods engine in the French department of the Inter- 
national Exhibition of 1862, and which had a horizontal 
chimney extending backward from the smokebox, and 
for some distance along the boiler. It was one of a 
number of engines now working on the Northern 
Railway of France, and constructed by Messrs. Gouin 
et Cie., upon the designs of M. Petiet, engineer to the 
Chemin de Fer du Nord. It was desired, in these 
engines, to use large boilers, and to place the firebox 
completely over the driving wheels, thus lessening the 
effective headway for the chimney under the bridges 
along the line. M. Petiet proposed, therefore, to em- 
ploy a horizontal chimney, and he directed M. Nozo, 
the locomotive superintendent at La Chapelle work- 
shops of the Northern Railway, and M. Geoffroy to 
experiment upon the conditions of draught in hori- 
zontal chimneys. Their experiments were conducted 
with great care, and their detailed results were after- 
wards presented to the French Institution of Civil 
Engineers. 

The object of the experiments was primarily to 
ascertain how the greatest possible draught might be 
obtained with the least back pressure on the piston. 
In the attempt to determine this, the parts of no single 
locomotive could be so variously adjusted as to admit 
of a full test under all the conditions of locomotive 
chimney draught. The draught depends /irs/, upon the 
resistance offered by the fuel on the grate, by the tubes, 
and by the junction of the chimney with the smokebox ; 
second, upon the quantity of steam discharged at each 
blast ; ¢hird, upon the back pressure in the cylinders, 
and which pressure generates the velocity of escape; 
fourth, the height, or rather tle length of the chimney ; 
Jifth, the distance from the mouth of the blast pipe ‘to 
the opening into the chimney; and séz/A, the relation 
between the size of the blast pipe and the chimney. 

Instead of intermittent pufls of steam, MM. Nozo 
and Geoffroy experimented with an apparatus in which 
a continuous jet of steam from a locomotive boiler was 
employed. The experiments were not made in the 
smokebox of the locomotive itself, but an air-tight re- 
servoir, with a blast pipe, and a chimney was fitted up 
near it. This reservoir communicated with the smoke- 
box by a flue or pipe about 3 ft. long and of about 
10 in. diameter, the inner end of this pipe, next the re- 
servoir, having one of a series of tubeplates, drilled 


with holes to represent the smokebox tubeplate of a 
locomotive boiler. Steam was taken from the boiler, 
through a small cock into a chamber beneath, where 
the steam was maintained at a uniform pressure in 
each experiment, corresponding to that commonly found 
in the blast pipes of locomotive engines. It escaped 
thence by a pipe into the air-tight reservoir, just de- 
scribed, and the steam escaped from the mouth of this 
pipe into the chimney above, in the manner of the ex- 
haust steam in a locomotive engine. A mercury gauge 
was placed upon the chamber under the smokebox, in 
which the exhaust steam was maintained at the re- 
quired pressure, and a water gauge was placed upon 
the reservoir within which the issuing jet of steam 
wroduced the draught through the flue from the smoke- 
on and through the chimney above. The flue, con- 
necting the smokebox of the locomotive with the ex- 
perimenting reservoir, had an anemometer within it for 
measuring the velocity of the gases passing through it. 
The reservoir was a vessel having a capacity of 320 
litres or about 70 gallons. 

This apparatus was tried under the following con- 
ditions :—The tubeplates at the reservoir end of the 
flue leading from the smokebox (one of these plates 
in each experiment corresponding to the al 
tubeplate of a locomotive) were drilled variously, with 
from 20 to 320 holes, of a diameter in all cases of 
0.354 in. (9 millimetres). The blast orifice was varied 
from 24 in. to yin. in diameter. The chimney was 
varied from 7.95 in. to 1din. diameter, and the pressure 
of the steam in the reducing or low pressure chamber 
under the smokebox, and which steam produced the 
blast, varied from 234 in. down to 1.968 in. of mercury, 
or, roughly, from 12 lb. down to 1 lb. per square inch. 

It was found that the best height of the chimney in 
no way depended upon the tube sectional area, nor 
upon the size of the blast pipe, nor the pressure of the 
exhaust steam, but that it was a factor of the 
diameter of the chimney only, the best heights being 
from six to eight diameters. 

It was furthermore shown that the flare sometimes 
given at the bottom of the chimney, where it rises 
from the smokebox, gave no advantage as compared 
with the junction of the chimney at its minimum dia- 
meter with the smokebox. 

The best distance of the blast orifice from the neck 
of the chimney was not found to depend upon the 
pressure of the exhaust steam. With a 7Zin. chim- 
ney, and a 1,% in. blast pipe, the orifice of the latter 
was from 20m. to 254 in. below the neck of the 
chimney, when the best results were obtained. For a 
tin. chimney, the best distance was from 44 in. to 
6 in. below the chimney. It was found that with a 
chimney of eight diameters in height, the blast did best 
when it expanded to the full diameter of the chimney 
at a distance of about two diameters above its base. 
The point at which the steam expanded to the full 
diameter of the chimney was determined by careful 
observations. 

So long as the best distance from the blast orifice to 
the neck of the chimney was maintained, it was not 
found to make any sensible difference if the neck of the 
chimney was allowed to descend for some distance 
into the smokebox, or at least to the level of the top 
row of tubes. This may serve as a hint to some of 
our engineers making engines with very short chimneys 
for underground railways. 

MM. Nozo and Geoffroy made another experiment. 
Instead of a single chimney and a single blast pipe, 
they made a compound chimney, having eight pipes, 
blown by as many blast pipes, the collective section of 
the eight chimneys and bast vipes being the same as 
that of the single chimney and Vinst pipe with which it 
was compared. It was found that nearly the same 
quantity of air was lifted in each case, in other words, 
there was nearly the same draught, although the com- 
pound arrangement, obviously opposing more friction, 
did not work quite as well as the single chimney. In 
the compound chimney of eight pipes, each was 2 in. 
in diameter, and 16 in. high, yet these gave nearly as 
good results as the single chimney 5} in. in diameter, 
and 44 in. high, the best. height being, in each case, 
about eight times the diameter. It was found that 
no sensible difference was experienced between the 
working of a horizontal and a vertical chimney. 

Experiments were tried upon locomotives, but no 
new laws beyond those which may be deduced from the 
experiments already given, were ascertained. The 
dimensions of the engines are not given in sufficient 
detail to enable us to apply the results specifically to 
the ordinary classes of English engines. But so far as 
we have quoted the results obtained from the experi- 
mental apparatus, they will be found both interesting 
and useful. 








LOCK GATES AND WOODEN DAMS 
To THE Epiror oF ENGINEERING. 
Feb. 20th, 1866, 
Sir,—Thinking it may be useful to some of your 
readers, I send you a formula which I have deduced 
for ascertaining the depths at which the horizontal ribs 
should be attached to a lock gate or dam, in order that 
each rib may have to resist the same amount of pres. 
sure. Having (d) the depth of water, and (x) the 
number of ribs given, I find the depth of the mth rib, or 


2d i — 
wee ( o\/a—(n-1)\/n-1 ) 


So if there be 15 ft. of water and 4 mbs; the depth of 
the second or 


%a=5 X (2)/2-14/i )=9.14. 


The above formula is based upon the following : 

The height of the dam must be divided into x parts 
with equal pressures acting on them, and then a rib 
should be slesad opposite the centre of pressure of the 
water acting on each of these parts. 

First to divide the height as above. If 4,,=depth 
of the bottom of the mth division, and 4,,.,=that of 
the (m—1)th division. 


Then /,,= \Fa=d x N| 


nu 
and A. =|” (m—l) ig x mel a (IL.) 
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Since the pressure on any surface under water is 
proportional to its area multiplied by the height of 
water above its centre of gravity—next to find the 
depth (v,) of the centre of pressure of the water acting 
on the part of the structure between the depths 4,1 


and 4,, 
=3 a) .. (IIL) 
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This is the formula I have given above. 

NB. Equations (I.) and (II.) give the points of 
greatest strain on the panels between the mth rib and 
the (m+1)th rib, and between the mth rib and the 
(m—1)th rib respectively.—Yours, &c., Rk. B. 


STEAMSHIP BUILDING AT ABERDEEN.—Mr. Hall has long 
been the builder of the famous Aberdeen clippers. He has more 
recently associated with him Mr. Thomas Russell, formerly the 
manager of Messrs. J. and G. Thomson’s works, of Glasgow, 
and the Aberdeen firm of Hall, Russell and Co., are now en- 
gaging extensively in the building of steamships and their 
machinery. Last week one of their ships, the Douglas, built for 
trading in the Chinese seas, was put upon her final trial. This 
vessel is 244 ft. long and 28} ft. beam, the length being 8} times 
the beam. The depth to the spar deck is 21ft.Gin. The 
builder’s tonnage is 950, gross register tonnage 873, and net 
616 tons. The engines are direct acting with inverted cylinders, 
and are of 165 nominal and 700 indicated horse power. With 
600 tons of coal on board, and at a draught of 11 ft. 6 in. forward 
and 13 ft. 9in. aft, the Douglas ran the measured mile in 
4min. 25 sec., or at the rate of upwards of 134 miles per hour. 

Tue New Rattway ro Bricuroy.—After great opposi- 
tion, the South-Eastern and London, Chatham, and Dover Bill 
for a new line from Beckenham vid Lewes to Brighton, has been 
allowed to pass the first stage, the Committee on Standing 
Orders having dispensed with them in every case where objec- 
tions as to non-compliance had been made. The bill comes on 
for a second reading on Monday or Tuesday. 

Tue Parent Musevm.—In the Civil Estimates two votes 
are proposed with reference to the disposal of the site at South 
Kensington. One vote will apply to the reception of some of 
the British Museum collections there, and the other to that of 
patents. It is understood that the Queen will lay the first stone 
of the Central Hall of Science and Art some time in June. 

Loan or Works or Arr.—Lord Stanley of Alderley’s bill, 
which has passed a second reading in the House of Lords, pro- 
vides that trustees of works of art, who by their trust deeds are 
prohibited from lending them, may nevertheless lawfully lend 
them, if they choose to do so, to the National Portrait Exhibi- 
tion, and to the Paris Exbibition of 1867. 

SuBMARINE TELEGRAPHS,—The Submarine Telegraph Com- 
pany find that their present annual cost of repairing cables is 
53001 The proprietors have decided to appropriate 3000/. half- 
yearly for this purpose in future, while, in addition, ten per cent. 
of the gross receipts are set aside as a reserve fund, which now 
amounts to 17,948/. 
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STEEL IN COMPRESSION. 


At the present time it is a question of much interest, 
what proportion the resistance of steel to compression 
bears to its resistance to extension, and any data re- 
lating to the subject are consequently valuable. Un- 
fortunately, however, the resistance of steel to com- 
pression appears to have been little tested, at all events 
in any systematic manner. In France a few experiments 
were made some time ago by M. G. H. Love, upon 
small pillars made of Turton’s steel, and having rounded 
ends. These pillars were one centimétre or 0.39 in, in 
diameter, the aaiie being ten, twentyand thirty times 
the diameter. The steel of which the pillars were com- 
posed was found by experiment to have a tensile break- 
ing strength of 108,500 lb, per square inch. The first 
pillar tested by compressive strain had a length of ten 
diameters, It sustained a load of 3250 kilogrammes, 
equal to about 58,800 lb. per square inch of section ; 
and when it failed, threw off a wedge-shaped piece from 
the inner side of the bend. The length of the second 
pillar tested was equal to twenty diamenters, and the 
load sustained was in this instance 2723 kilogrammes, 
equal to about 38,700 lb. per square inch. ‘The pillar 
failed by bending, the curved part showing no crack, 
and the result obtained from it was so high, that 
another experiment was made upon a pillar of the same 
proportions. ‘This pillar bent ike that last mentioned, 
and gave way under a load of 1793 kilogrammes, equal 
to about 25,5001b. per square inch of section, ‘The 
fourth pillar tried had a length of thirty diameters ; it 
failed in the same manner as the preceding one, the load 
underwhich it yielded being 1367 kilogrammes, or 19,411 
lb. per square inch. The result obtained from the second 
pillar tested (that which contained 2723 kilogrammes), 
M. Love considered to be anomalous, and he therefore 
relied upon the other three experiments to determine 
the resistance of steel columns. These results show that, 
as in the ease of cast and wrought iron, the resisting 
power of steel to compression decreases, as the propor- 
tion which the length of the column bears to the 
diameter is increased, but this decrease in strength 
does not seem to be so rapid as in the case of the two 
first-mentioned materials, M. Love’s own deductions 
are that steel and cast-iron columns, having a length 
of from one and a half to five diameters, offer about the 
same resistance to compression; whilst columns of 
wrought iron of the same proportions offer only about 
half such resistance. When the length of the column 
is increased to ten diameters however, he considers 
that steel offers a greater resistance than cast iron, in 
the proportion of 41 to 31, the proportionate resistance 
of wrought iron being represented by 17. As the pro- 
portion of length to diameter increases, the resisting 
power of cast iron diminishes more rapidly than that of 
wrought iron, and that of wrought iron more quickly 
than that of steel, so that when the length reaches 
forty diameters, he estimates the strength of similar 
columns of the three materials to be in the proportion 
of the numbers, 375, 562, and 1500. It is no doubt 
wrong to found a law upon so few experiments, but, if 
the data above given are confirmed by future trials, 
steel will certainly prove a most valuable material for 
resisting compressive strains. 





DRAKE’S GAS ENGINE. 

More than ten years ago, an engine driven by the 
explosion of a mixture of coal gas and atmospheric 
air was introduced in America, by Dr. Alfred Drake, 
of Philadelphia. At the present time when gas engines 
are coming into use for many purposes, an account of 
the engine may prove interesting as it is so little known 
in this country ; and indeed we believe that no account 
of it was published here until after the introduction 
of Lenoir’s engine. ‘The principal feature in Dr. 
Drake’s engine was the means employed to light 
the mixture of gas and air within the cylinder. In 
Lengir’s engine this is effected by an electric spark. 
It must be remembered that in a gas engine the 
mixture of air and gas must be admitted to the 
cylinder for a considerable proportion of the stroke 
before it is ignited: the engine performing this portion 
of the stroke by the aid of the momentum stored up in 
the flywheel during the previous one, as the gas does not 
exert any considerable pressure until it is exploded. The 
slight pressure which it does exert, is merely due to its 
being slightly compressed by an air pump at the same 
time that it is mixed with atmospherie air. 

_In Dr. Drake’s engine, the mixture of gas and 
air was ignited in the following manner:—At two 
pots, one for each stroke, a hole was formed in the 
cylinder; the distances of these holes from the ends of 
the cylinder corresponding with the distance for which 








the mixture was to be admitted before it was exploded. 
These holes were each furnished with stuffing boxes, 
and in each of these stuffing boxes was placed a cast- 
iron cup, or thimble, the solid end of which projected 
into the shell of the cylinder, so as to be just clear of 
the bore. In each of these thimbles a jet of gas and 
air was constantly kept burning, and by this means the 
ends of the thimbles were maintained at a red heat. 
When, in the course of its stroke, the piston passed 
over one of these thimbles, the mixture of gas and 
air which had been admitted behind it, came in con- 
tact with the red hot surface and was instantly 
ignited. The explosive mixture was admitted to and 
released from the cylinder by ordinary double-beat 
valves, 

We have said that the gas and air were slightly 
compressed during their mixture. This was effected 
by an air pump furnished with suitable stopcocks, by 
means of Pick the proportions of the gas and air could 
be regulated. The air pump was worked by hand, in 
order to obtain a supply of the explosive mixture for 
starting the engine; afterwards it was worked by the 
engine itself. The explosive mixture used consisted of 
one-tenth coal gas, a nine-tenths atmospheric air, and 
it was considered by Dr. Drake that when this was 
ignited, an initial pressure of 150 to200 lb. per square 
inch was obtained. From experiments which have 
been since made, however, we believe that the united 
pressure obtained by the ignition of a mixture of gas 
and atmospheric air is very much less than that above 
given. 

The ignition of the gas in the cylinder of course 
causes considerable heat to be evolved, and in Dr. 
Drake’s engine, therefore, the shell of the cylinder, 
the cylinder covers, the piston and the piston rods, 
were all made hollow, and through them a constant 
stream of water was maintained, By this means they 
were kept moderately cool. The speed of the engine 
was controlled by a throttle valve connected with a 
governor, as in an ordinary steam engine, The fact 
of this engine never being used in America to any 
considerable extent is partly due to the death of 
Dr. Drake, and partly to the excessive price of gas in 
that country (12s. 6d. per 1000 cubic feet in New 
York at the time of its introduction). Dr. Drake’s 
engine was worked in the New York Crystal Palace 
in 1855. 








THE WINANS YACHT. 


Tne “cigar ship” Ross Winans (not the Rose 
Winan, as the Zimes has it), was successfully launched 
on Monday last, from Mr. Hepworth’s yard, Isle of 
Dogs, with her engines and fittings on board. The 
vessel is named after the father of the designer and 
yroprietor of the yacht, William L. Winans, Hsq. We 
lately gave a very full description of this remarkable 
vessel, the fourth which Mr. Winans has constructed 
upon the same principle, and we need not now anticipate 
the results of the experimental trips soon to take place. 
It is enough to say that in careful design and costly 
workmanship, the Ross Winans has hardly been sur- 
passed by any vessel ever launched in the kingdom. 
She is 256 ft. long and 16 ft. in diameter, and more 
than half of her diameter will be under water. She will, 
therefore, have only about 130 square feet of immersed 
section when loaded, and to drive her she will have 
somewhere near 2000 indicated horse power exerted 
upon two great propellers, one at each end, and 22 ft. in 
diameter, or 6 ft. larger than the diameter of the ship 
itself. These propellers will have their blades adjusted 
to whatever pitch is found best, but at present it is 
expected that the pitch which will give the best results 
will be from 40 ft. to 60ft., and as the engines will 
go from 50 to 60 turns a minute it is not altogether 
unreasonable to suppose that, with such extremely 
fine lines and such great power, a speed of 20 knots 
will be easily reached. Still we are to wait for 
the confirmation of actual trial before we can 
safely entertain any notions as to the speed of 
the new craft. It has been thought by many that 
a great loss of power must attend the working. of 
the propellers, which will be nearly half out of water. 
Although a propeller with but about one-half its dise 
in the water is a novelty in this country, it represents 
a common practice on the great lakes of America. 
Mr. Whitworth, in. his report upon the New York 
Exhibition of 1853, describes a screw boat then build- 
ing at Buffalo, one of a numerous class plying upon 
Lake Erie, which had an eight-bladed screw of 16 ft. 
diameter, and 17 ft. 6in. pitch, working half out 
of water, and driving the ship eleven miles an 
hour. The splash of the water and tendency to 





work sidewise is far less than would be supposed. 


The Ross Winans was built in a horizontal position, 
upon a timber cradle which rested upon inclined launch- 
ing ways. ‘These were inclined 1} in. per foot at their 
upper part, 14 in. lower down, and 2 in. per foot where 
they entered the water. The cradle, weighing about 
30 tons, was so adjusted that when the ship took the 
water, the mid length of the hull and cradle was 10 ft. 
short of the end of the launching ways under water. 
Once afloat, the cradle came up at one side from under 
the ship, and the latter was at once taken in tow by a 
tug. The arrangements were perfect, and prevented 
the possibility of any straining of the Jong and slender 
hull, although this is believed to possess great strength. 

The calculations of displacement proved exact, the 
hull being immersed for exactly one-half its diameter, 
and upon an “ even keel” if there were a keel. 

The adjustment of the propellers, and the experi- 
ments as to light draught ool full draught speed on 
the measured mile, consumption of coal, &c., and the 
more important trials of sea-worthiness in the coming 
March gales, will be shortly made, the last named 
trials being conducted, as the others will also be, by 
Mr. Winans in person, who expresses his wish to 
“find weather” which will give his ship a fair trial. 
When the results are definitively ascertained and 
analysed, they will be laid either before the Institution 
of Naval Architects, or the Institution of Civil Engi- 
neers, 








Report on Patents.—The report of the Commissioners 
of Patents for inventions is only now issued for the year 1864. 
2024 patents passed the seal in the year 1864. The patents are 
granted for 14 years, but nearly 70 per cent. lapse and become 
void at the end of the third year by non-payment of the stamp 
duty of 50/. then payable, and nearly 90 per cent. become void 
at the end of the seventh year, when a further stamp duty of 
100/. is payable, There are fees payable in the earlier stages as 
well as in the third and seventh years, and the pecuniary result 
of the year was as satisfactory as usual, The fees (all taken in 
the shape of stamp duties) amounted to 110,712/, Out of this 
sum office expenses had to be paid, salaries, and compensation 
annuities; 4514/, to the Attorney-General, and 405/. to his 
clerk; 45387. to the Solicitor-General, and 4072, to his clerk; 
27001. to gentlemen employed in abridging specifications, and 
there is? a host of other items, down to 157/. for wax to seal 
patents, and 602, for journeys to the Lord Chancellor for the seal 
in the vacation, But all this left a surplus of more than 64,000/. 
at the end of the year. The specifications are printed and pub- 
lished, and also classified abridgments, the price charged to the 
public just covering the cost of printing and paper. 

Procress or New Soura WALEs.—The Statistical Register 
of New South Wales, for 1864, shows that water, wind, and 
horse mills are being gradually superseded by steam mills. 
There was a diminution in the number of flour mills, the harvest 
failures having afforded them no encouragement. But there was 
an increase of 316 in the general list of manufacturing establish- 
ments. In the production of woollens, of soap, and of tobacco 
there was increase over the production of the previous year, but 
in the production of refined sugar there was a decrease. The 
production of coals shows a steady increase, the quantity raised 
being 550,000 tons, as against 434,000 in the previous year. 
Only two copper mines were at work during the year, producing 
ore to the value of 10,600/. and 7,500/. The gold-mining for 
the year showed a diminution. It yielded only 316,429 ounces, 
which was a falling off of 25 per cent. on the yield of the 
previous year. ‘The area of land under wheat was larger by 
626 acres than in the previous year; the average produce was 
nearly 12 bushels to the acre as compared with 7} bushels at the 
previous harvest. The quantity of wheat grown was at the 
rate of 34 bushels per head of the population, which is about 
half the estimated consumption. In round numbers, the flocks 
and herds may be said to count as follows: Sheep eight and 
a quarter millions, and cattle two millions. 

Russian Raitways.—It is expected that the Riga-Dunaburg 
and the Dunaburg-Witepsk lines will be extended to Orel in 
Central Russia. ‘The shareholders of the Witepsk Company 
will shortly be asked to consider the matter. 

Buast Stoves.—A correspondent writes: —‘t There are some 
curious facts connected with Lesting blast. From what I can 
see, it appears that blast heats better by passing it through pipes 
at a blood red heat than when the pipes are nearly white 
hot. It is a question I should like solved; whether, when the 

ipes are (say) white hot, a thin stratum of air does not remain 
in contact with the iron, and the general current of blast 
passes on without mixing with the thin stratum alluded to— 
something like water running over red-hot iron, without, as it 
were, touching it.” 

Biasr Furnaces.—It is impossible to say where the present 
rate of increase in the size of blast furnaces is likely to stop. 
Some years ago a furnace of 6000 cubic feet capacity was thought 
large. Messrs. Schneider, Hannay and Co.’s furnaces at Barrow- 
in-Furness contain 9300 cubic feet, and were thought to be 
enormous at the time they were constructed. ‘There is the 
great furnace still in progress of construction, we believe, ut 
Cwm Celyn, 24 ft. in the boshes, and containing 16,560 cubic 
feet. But the furnaces in the Cleveland district promise to 
eclipse all that has yet been done. We believe that furnaces 
now in progress in Stockton-on-Tees will have boshes 25 ft. in 
diameter, and be at the same time of great height, their capacity 
being no less than 26,000 cubic feet. ‘ If,” says a correspondent, 
“these are found to succeed, probably still larger ones will be 
constructed.” At this rate we may expect a run out of from 
500 tons to 600 tons per week. 

Traction Encines.—Messrs, Aveling and Porter's traction 
engines, of the size employed in moving the base of the Welling- 
ton Memorial, work up to 50 indicated horse power. 
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KIRK’S REFRIGERATING MACHINE. 


In a recent number* of this journal we described the machine 
designed by Mr. Alexander C, Kirk for producing cold by the ex- 
pansion of air. We now give drawings of the apparatus, our illustra- 
tions showing an elevation and plan of the machine, and a section 
through one of the vertical cylinders, this latter view showing 


clearly the arrangement of the spaces at the top and bottom of 


the cylinder through which the brine and water are made to 
flow. The action of the machine was fully explained in the 
article to which we have already referred, so that it will be un- 
necessary to give a description of it here. The drawing from 
which our illustrations were prepared were kindly furnished by 
the makers, Messrs. John Norman and Co., by permission of Mr. 
Kirk. Several of these machines have now been constructed 
and set to work in this country and abroad for ice-making and 
other purposes. 


A New Rartway rrom Loypon to THe West.—We 
believe that no less than eight schemes have been brought 
before Parliament, at different times, for a railway from London 
direct to Cheltenham, but on every occasion the bill has been 
defeated. The London, Bucks, and Gloucester Junction Bill 
of the present session, and which has now passed a second read- 
ing, covers 45 miles of new line, and will shorten the distance to 
Cheltenham by 24 miles. In support of the bill, Mr. Schreiber 
said that, “ No Arctic navigator ever sought a north-west passage 
more earnestly than did his constituents a south-east route to Lon- 
don. They complained that Cheltenham was not upon a mainline, 
but upon a branch; and that, whereas London was to the south- 
east of them, they were obliged to go south-west to Gloucester, 
were they were detained a quarter of an hour; thence to Stone- 
house, were they were permitted to turn a little to the east; 
thence by a slow and halting service, broken, perhaps, by a 
stoppage in Surbiton-tunnel, to Swindon-junction, were they 
were turned out upon a cold cages and marched through 
a refreshment-room to a colder platform, on which they 
awaited the leisurely arrival of the hon. member for Bristol 
and his constituents. As to the rest of the journey. O/ Si 
sic omnia! This bill fairly demanded consideration in a Com- 
mittee ; the proposed line offered his constituents a route to 
London shorter than the existing one by 24 miles and one hour 
of time; and they asked for a hearing upstairs.” 

Tue Magnetic TeLrorarn Comrany.—This company 
now has 491 stations and 18,668 miles of wires. 





* ENGINEERING, January 26th, 1866, page 62. 
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BLAST HEATING STOVES. 
To tHe Epitor or ENGINEERING. 


Srr,—In the seventh number of ENGINEERING is a para- 
graph on “ Heating Stoves for Blast Furnaces,” in which it is 
stated that, “for very high temperatures, the cast-iron heating 
stoves are soon burnt out, as is the case for high temperatures 
required in gas retorts.” ‘This remark strikes at the root of a re- 
cent important improvement in heating stoves for blast furnaces 
which are made of cast iron, and will give to blast a temperature 
of 1100° to 1200° when required. At the present time, the 
manufacture of pig iron at a cheap rate has become a necessity ; 
and it is almost impossible to give ample interest for capital in- 
vested, from the increased price of labour, mine and coke, unless 
every known means be employed to lessen the cost of produc- 
tion by the application of scientific and chemical knowledge. 
In this (the Cleveland) district, the old method of putting out of 
blast furnaces when pig iron is low, and blowing them in when 
pig is high, is entirely exploded: the Cleveland iron masters 


meet the difficulty of low prices by investing any amount of 


capital to enable them to make iron cheaper and cheaper still. 
Toaccomplish this, furnaces have lately been built of 20 ft. inside 
diameter, and 80 ft. high; and some are being built with 25 ft. 
boshes and 85 ft. high. The saving of coke by smelting the 
same quantity of ore in a 20ft. bosh furnace as compared 
with smelting it in a 15 ft. one, is above 20 per cent., and by 
using blast at a temperature of 1000° instead of 700°, the 
saving may be safely taken at 15 per cent. Besides, the 
quality of Cleveland pig is very much improved by using 
blast at high temperatures. This is contrary to the opinion 
prevalent a few years ago, but it is now proved that it is a posi- 
tive saving of all the coal formerly employed for heating stoves 
and boilers by utilising the waste gases from the furnace with- 
out increasing the quantity of coke used to produce a ton of pig; 
so has it also now been proved beyond controversy that blast 
may be heated to 1200° by passing it through cast-iron pipes 
without the slightest danger of the pipes becoming injured at 
such a high temperature. At the present day we must not 
be wedded to old prejudices but must acknowledge facts as 
soon as they are established. The stove which I have intro- 


duced is of very simple practical construction. The gas from the 
furnace top is first deprived of its oxygen by being consumed in 
a chamber; the products of this combustion are inflammable, 
but have obtained a high temperature, in which state they = 
into the chamber containing the cast-iron pipes through which A 
circulates the air to be heated: by a proper arrangement of the | by the Government Ins 
| dampers, the red-hot fumes are forced amongst the pipes which | and he would give the 





MACHINE. 
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become thereby heated to a blood-red heat, but need never ex- 
ceed that heat, consequently are perfectly safe from destruction 
from flame impinging on them, as is invariably the case 
when either gas or coal fires are applied in the usual way. 
In my stoves no coal whatever is used, as no fireplace nor 
grate bars are fixed. I should not in a letter enter on this 
description of an arrangement which interests myself, if the 
subject of heating stoves was not of such vital importance to 
ironmasters; the loss to them by the use of inadequate or 
inefficient stoves is almost incalculable. As a general rule, it 
may be laid down that for every 100° increase of temperature of 
the blast used in a furnace, 5 per cent. more minerals are 
smelted with a given quantity of coke.—Your obedient servant, 
JOHN PLAYER. 
Norton, Stockton-on-Tees, Feb. 20, 1866. 


SHIPBUILDING ON THE CLYDE.—Messrs. Scott and Co. have 
recently launched the Ajax, a screw of about 2000 tons, built 
for Messrs. Holt, of Liverpool. The Ajax is a sister ship to the 
Agamemnon, launched in November, 1865, for the same firm, 
and will be employed in the trade between Liverpool and China. 
The Ajax will be engined by the Greenock Foundry Company. 
The Dublin and Glasgow Steampacket Company is understood 
to have arranged to put a new screw — on the station, 
to ply in conjunction with their paddle vessels, the Earl of 
Carlisle, the Lord Clyde, and the Lord Gough. The large iron- 
clad frigate Orban, lately constructed by Messrs. Napier for the 
Turkish Government, is being fitted out at Port Glasgow. 

Tue Tame VALLEY Vrapuct.—Is it really the fact that 
the Midland Railway Company so far neglect their viaducts as 
to make it necessary for Sir Robert Peel to ask in the House of 
Commons, as he did the other night, whether the attention of 
the President of the Board of Trade had been directed by the 
Government Inspector of Railways to the alarming condition of 
several of the arches of the viaduct spanning the Tame Valley, 
near Tamworth, and what steps had been taken by the Board of 
Trade m the matter, with a view to the protection of life and 
property? He said that three of the arches in the centre of the 
viaduct had given way. Mr. Milner Gibson replied that owing 
to the short notice that had been given him he had been unable 
to look into the matter so fully as he could have wished. The 
ortion of railway referred to was opened in 1839, before the 
3oard of Trade had jurisdiction or the power of inspection. He 
was not aware that any representations had been made recently 
vector, but full inquiry should be made, 
fouse all the information he possessed. 
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BOAT LOWERING APPARATUS. 

Tne simple apparatus shown by the accompanying illustra- 
tion has been designed by Mr. Alexander Chaplin, to afford the 
means of readily lowering ships’ boats, and to ensure that they 
shall be completely released from the lowering tackle as soon as 
they receive the support of the water. The tackle falls are led 
round pulleys E to a drum A, which is fixed on the side of the 
ship, and to this drum the ends are secured. The drum is made 
double, as shown by the transverse section, so that each fall is 
coiled on it separately. Within this drum is another, around 
which the securing rope or “stopper” B is coiled. This rope acts 
as a brake, and by it the rate at which the boat is lowered can 
be regulated. The “gripes” or bands by which the boat is 
secured are made with an iron link, which is hooked into a notch 
in the drum, so that the gripes are at once released when the 
drum begins to revolve. 

The disconnecting part of the apparatus consists of two tumbler 
hooks, CC, furnished with balance balls, so that as soon as the 
boat is sustained by the water, and the strain is consequently 
off the tackles, the latter are released. To ensure the two 
hooks acting together, they are connected by a rod D, which 
passes along the bottom of the boat under the burden boards, 
and by this means one end of the boat is prevented from being 
released before the other. In rough weather, if a man is lowered 
with the boat, he can, by holding one of the balance balls, keep 
the boat from being disengaged until a favourable opportunity 
arrives for letting her go. The tumbling hooks are arranged 
under the thwarts of the boat, so as to be quite out of the way. 
The apparatus has been practically tested c> the ship John Scott, 
and we believe has answered well on all occasions. 





UnpEerGrRouND Raitways For Paris —A system of under- 
ground railways for Paris has been recently proposed by M. Edoux, 
civil engineer. His plan is to construct a system of subterranean 
railways diverging from the Palais Royal as the common centre, 
and connected at their ends by an outside circle. One line is to 
go down the Rue de Rivoli, under the Place de la Madeleine and 
the Rue Tronchet, to the railway terminus of St. Lazare; 
another is to go under the market-halls, and thence either 
under or over the Seine to the terminus of the Orleans Railway. 
From the market-halls a branch line is to be carried under the 
Boulevard de Sebastopol and the Boulevard de Strasbourg to 
the termini of the Northern and Strasbourg Railways. A second 
branch is to go under the Boulevards and the Place de la 
Bastille to the termini of the Vincennes and the Lyons Rail- 
ways; and lastly, a line is projected from the Palais Royal, and 
under the Champs Elysées to the Bois de Boulogne. 

Gas Companies.— Among tle private bills which have passed 
the second reading, are the Chartered and City of London Gas 
Light and Coke Companies; Aldrington, Hove, and Brighton 
Gas ; Brighton and Hove General Gas ; Congleton Gas and Im- 
provement ; Croydon Commercial Gas; Frome Gas ; Grange and 
Cartmel District Gas and Water; British Gas Company (Staf- 
fordshire Potteries); Wandsworth and Putney Gas, &. A 
motion by Captain Gridley has been agreed to for a return or 
statement from every gas company established by Act of Parlia- 
ment in the United Kingdom, stating the several Acts of Parlia- 
ment under which established, the rates per 1000 cubic feet at 
which such company or corporation had supplied gas in the 
years 1864 and 1865, and the average price of the coal used by 
the company in each year for the same period; also stating the 
amount of fixed capital invested by each gas company, and the 
rate per cent. of dividend to the shareholders or proprietors on 
their shares in each year (in continuation of Parliamentary 
Paper, No. 25, of Session 1865). 

tne Humber Ironworks.—The shareholders of the Hum- 
ber Ironworks and Shipbuilding Company (Limited) have re- 
solved that it shall be wound up. Mr. Watkin could not save it. 
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THE CITY GAS SCHEME. 

Tue City of London, although it can | raise 
money upon the security of rates leviable yearly, can 
no doubt obtain money, if money be wanted, for a 
great gas work at North Woolwich. But the estimated 
sum of 425,000/. would in no case be sufficient. The 
works to supply the City alone should be able to sup- 
ply not far from 42,000,000 cubic feet of gas daily, 
and it has long been agreed that every London works 
requires to have storage room equal to a whole day’s 
consumption, so that not less than six holders, contain- 
ing not less than 2,000,000 cubic feet each, would be 
required. Ifwe were to adopt the estimate of some 
of the most eminent gas engimeers that it costs 25/. 
for each 1000 feet of holder capacity, we should have 
300,000/. for holders alone, but we have no doubt that 
six large holders could be made for much less, perhaps 
200,000/. Then, again, one-tenth of the full day’s con- 
— must often be sent through the mains in a 
single hour. ‘l'o do this would require three lines of 4 ft. 
mains, each six miles long, and gas engineers estimate 
these at $000/. per mile of single line, or 144,000/. for 
the whole. Here are nearly 350,000/. gone in mains and 
holders, before we have even come to the works. These 
are to occupy fourteen acres of ground, and we may 
conclude that they could not cost less than 150/. per 
mouthpiece, or 375,000/. for 2500 mouthpieces. With 
all expenses, the outlay for works sufficient to supply the 
City with gas would not cost less than from 800,000/. to 
1,000,0002., instead of 425,000/. as estimated. ‘The Cor- 
poration gas bill makes no provision for compensation 
for vested interests, but no Parliament will ever sanc- 
tion the City scheme while there is already an abundant 
supply of reasonably cheap and very good gas, without 
making some adequate provision for the gas compa- 
nies. 

The Chartered and the City of London Gas Compa- 
nies have already amalgamated, and their bill for new 
works at Hackney has already passed the second 
reading. If passed, the new works will be the largest 
in the world, having nearly 2000 mouthpieces, and 
being capable of carbonising 1200 tons of coal daily. 








Tue Cuanne Ferry.—The Bill for ‘ International Com- 
munication between England and the Continent,” was read a 
second time on Tuesday evening. Mr. John Fowler, C.E., of 
Westminster, is the engineer to the undertaking, and the detailed 
plaus for the piers, &c., at Dover and Calais, are in course of 
preparation in his office. Mr. J. Scott Russell is engaged upon 
the designs of the steam ferry boats, intended to take a railway 
train across, without the necessity of the passengers leaving 
their seats. 

Fai or A Rartway Viapuct.—Last week a portion of a 
viaduct on the branch line between Hudderstield and Kirkbur- 
ton gave way. ‘The viaduct, which is built of brick, consists of 
seven arches, each having a span of 64 ft., and a rise of 21 ft. 
4in. It is formed on a curve of 22 chains radius. The acci- 
dent is supposed to have been caused by the late wet weather 
and frosts acting upon the brickwork * he it was quite set. 














Tue EnGutsu AND Frencu Navirs.—A paper was read at 
the last meeting of the Statistical Society, by Colonel Sykes 
M.P., “ On the Organisation, Strength, and Cost of the English 
and French Navies in 1865.” Very e rated opinions being 

revalent in the beginning of 1865 with respect to the progress the 
‘rench navy was making as compared with the British navy, 
Colonel Sykes looked over the French naval Budget for that year, 
and the result of his investigation satisfied him that the old status 
or condition of both the English and French navies was rapidly 
altering by the substitution of iron-clad vessels of all rates for 
the wooden vessels previously employed. The present transition 
state of the two navies appeared to him to make any comparison 
valueless, but it was suggested that as the old conditions of the 
English and French navies were likely to pass away, it would be 
desirable for future reference to have upon record the present 
numerical strength in ships and men, and cost of both navies, 
for the purpose of comparison with the new organisation when it 
shall have been fully developed. The subject was then treated 
by the colonel in most elaborate detail under no less than 33 
distinct heads; the figures consisting of tables taken from re- 
turns made to the House of Commons and of extracts from the 
French Budget. The number of English steamships aflout on 
the ist. of February, 1865, was 445, and building 26; while 
there were 69 effective sailing ships afloat—making a grand 
total of 540 steam and sailing ships. The combatant force of 
officers and men was 90,500. The strength of the French navy 
consisted of 81 screw steamers afloat, with 831 officers and 
17,234 sub-officers and seamen. The total cost of the French 
Admiralty was 73,086/., and of the English Admiralty 175,9571. 
The cost of the — navy for 1865-66 was 10,392,224/,, 
while the French Budget for the same period showed a cost of 
5,131,4651. After showing the comparative cost of the French 
and English naval departments, and adverting to the French 
scientific construction branches, the British establishments at 
home and abroad, the French and English hospitals, victualling, 
clothing, cost of rations, of artificers, workmen, &c., English and 
French dockyard police, materials for the English and French 
navies, English new works, and various other branches con- 
nected with the English and French naval service, Colonel 
Sykes concluded by observing that the condensed view he had 
given of the combatant force of the French and English navies 
ought to satisfy the most nervous Francophobist that neither 
the past status, nor the present, nor the prospective condition of 
the two fleets justified in the remotest degree any doubt respect- 
ing the permanent superiority of the English as a maritime 
nation. 

Tue LamBeta Brioce.—The Lambeth wire suspension 
bridge with three spans of 280 tt. each, has cost 50,818/. Its 
tolls were, last autumn, let by auction, to Mr. W. Pyne, the 
highest bidder, for a year, at the rent of 2690/.., the lessee pay- 
ing the expenses of lighting, watering, cleaning, and other ex- 
penses which had been previously paid by the company. 

A Srrone Sare.—Mr. Chubb, in a letter to the 7'imes, thus 
describes a strong room and safe lately put up in a London 
bank:—The walls, 2 ft. thick, are formed of hard bricks laid in 
cement, and with hoop iron worked in. The room is lined 
throughout with wrought iron half an inch thick. There are two 
doors, the outer a strong iron one with two locks, and the inner 
one of combined steel and iron of extraordinary strength, with 
two locks throwing ten bolts. A safe placed inside, weighin 
eight tons and throwing twenty bolts, contains the cash ~ 
securities. An alarum in the resident clerk’s bedroom is attached 
to the inside of the strong room; so that if the outer door be 
opened a gong is set going. A porter sleeps on a bed in front of 
the outer door, and by pulling a handle he can set the alarum 
off if necessary, and there is a watchman always on duty. 

Hampstead Heatu.—The Metropolitan and St. John’s- 
wood Railway Bill, which proposed to turn over 27 acres of 
Hampstead-heath to railway purposes, has failed to pass the 
second reading. 
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WROUGHT-IRON WHEELS. 

Locomotives, except the small engines used for 
contractors’ purposes, are now almost always fitted 
with solid wrought-iron wheels, and similar wheels are 
also being largely applied to carriages and other rolling 
stock. Each solid wrought-iron engine wheel, as 
usually made, consists before putting together, of 
twice as many parts as it has spokes, p/us two washers 
for completing the boss, oe the s, or pieces for 
making the welds in the rim between the spokes. 

‘The manner in which the spokes are forged is shown 
by Fig. 1, Each spoke consists generally of two 
parts, the outer one assuming during the process of 
forging the forms A, B, and C, successively. The 
finished shape, C, is obtained from that marked B, by in- 
serting the shank, or part which afterwards forms the 
spoke, in the split anvil of a steam hammer, and ham- 
mering it endways. The pieces forming the inner ends 
of the spokes are shaped as shown by E, Fig. 1. They 
are also frequently forged double, as shown at F, on 
the same figure, and then sheared apart, but if from 
the large size of the wheel, the two ends cannot be 
drawn down to their proper length at one heat, it is 
better to forge them singly. ‘These spoke ends are 
forged between dies under a steam hammer, one of the 
dies being fixed to the hammer head and the other one 








to the anvil. In the case of those for forging the 
inner ends of the spokes, the width of the dies is 
divided into four portions,—in one of these the section 
of the dies corresponds with the taper of the ends of 
the spokes in the direction of the plane of the wheel ; 
in the second it agrees with the taper at right angles 
to this plane; the third part forms a swage for round- 
ing the edges of the spokes, and the fourth portion is 
left flat, for drawing down and finishing the straight 
part of them. 

After forging, the ends of the spokes are trimmed 
off to their proper length by shears, and that portion 
of the outer ends which is to form the rim has the 
corners cut off, as shown at D, Fig. 1, to leave spaces 
for the Vs or “gluts” used in welding up. Having 
been sheared, the ends are welded up into spokes and 
trimmed off. At some places the whole of each spoke 
is now being forged solid instead of being made in two 
pieces in the manner which we have described. Accord- 
ing to another plan, the whole length of the spoke is 
forged in one piece with the inner end, and the cross 
piece at the outer end, which afterwards forms the rim, 
is united to the spoke by a “dab” weld. Unless these 
*‘dab” welds are very carefully made, they are apt to 
fail and give some trouble. This is particularly the 
case if the two pieces are not made of the same kind of 
iron, and, although some firms make good wheels in 
this manner, this mode of construction is not to be 
recommended. 

The spokes when finished, are arranged to form the 
wheel as shown in Fig. 2, and hound together by a 
wrought-iron strap placed around them and tightened 
by bolts; the inner ends being spaced out to their 
proper distances by pieces of sheet iron inserted be- 
tween them, or by pieces of square iron driven into 
spaces formed by forging notches in the sides of the 
spokes. The outer ends of the spokes are kept in their 
proper positions by means of rings placed one on each 
side of them, in the direction of the plane of the wheel, 
and bolted together. The strap by which the wheel is 
bound together, has formed upon the outside of it two 
sins or trunnions, which rest in eyes at the end of two 
finks depending from a cross bar attached to the end of 
a crane chain. This chain after passing over a pulley 
at the end of the jib of the crane, is led over another 
pulley near the head of the crane post, and to its other 
end a weight is attached by which the wheel is balanced: 
the latter can thus be readily moved in any direction. 

The parts of the wheel being arranged in the manner 
just described, the next operation is the welding on of 
the “washers,” by which the boss is completed. These 
washers are applied on each side of the inner ends of 
the spokes as shown by the section in Fig. 2. For 








heating the boss of the wheel during this process, a 
circular fire furnished with three tuyeres is generally 
employed. The fire is contained in an iron casing 
about 2ft. 6in. in diameter and 2 ft. high, furnished 
with a ledge or flange about 14 in. wide at its upper 
end, upon which the spokes rest while the boss is 
being heated ; this casing is surrounded by brickwork, 
and it is also lined with firebricks for about half its 
height, the part so lined being thus reduced to 12 in. 
internal diameter. An opening leading to this lower 
part is made in the casing for the purpose of cleaning 
out the fire, and holes about 24in. diameter are also 
formed opposite each tuyere, so that a bar can be intro- 
duced to clear them. The centres of the tuyeres are 
about 6in. or 7 in. below the upper edge of the iron 
casing. The whole is generally partly let into the 
ground, so that the top of the flange is about 16 in. 


above the surface. 
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When the wheel is placed upon the fire the space 
between the spokes, around the a is filled with small 
coal rammed io hard so as to direct the flame be- 
tween the inner ends of the spokes which form the 
box. In some works founders’ sand is substituted for 
the small coal, and it is said to give better results. One 
of the washers is heated, at the same time as the wheel, 
in an adjacent fire; and when both have been raised to 
a welding heat the wheel is swung over, the washer 
applied, and the weld completed either by the blows 
of a steam hammer or by those of six or seven hammer- 
men. Whilst the wheel is in the fire, the strap round 
the outside is occasionally tightened up, so that the 
inner ends of the spokes are forced together and par- 
tially welded by pressure before the washer is applied. 
The second washer is applied in a similar manner to 
the first, and the wheel is then trimmed off and the 
spokes straightened. 

The process which we have described is that for 
making plain bossed wheels. In the case of wheels 
with crank bosses a slight difference is made. The 
piece forming the crank is generally forged the full 
thickness at the outer end, the inner part being made 
thinner, so that the washers can lap over it as shown 
in Fig. 2. The inner ends of the spokes which spring 
from the crank are sometimes united to it by dab 
welds, but a far better plan is to form them by splitting 
the end of the crank and slightly drawing out the fork 
thus formed. The spokes which come next the crank 
are generally welded to it before the parts are arranged 
together for “bossing.” The position of the weld is 
shown by the dotted lines in Fig. 2. The remainder 
of the process is the same as for plain bossed wheels. 

After “ bossing,” as the operation of putting on the 
washers is termed, the next thing to be done is to com- 
plete the rim. This is done by welding V pieces or 
** gluts” into the spaces left between the T ends of the 
spokes, and the wheel is then ready for turning, boring 
and slotting. In the case of some of the very large 
driving wheels which are now being adopted, the great 
number of the spokes renders them very thin at their 
inner ends, and they are therefore liable to become 
burned whilst being heated. To avoid this, the boss is 
sometimes forged separately, and dovetail grooves are 
then slotted out of its circumference, into which the 
inner ends of the spokes are fitted; the washers are 
afterwards welded on in the usual manner. 


We have said that wrought-iron wheels are now 
being to some extent used for railway carriages as well 
as for engines. Some of these wheels are made in the 
same manner as the engine wheels, but generally a 
cheaper method is adopted. This plan is illustrated 
by lig. 3. The spokes are forged like the imer ends 
of those for engine wheels, but with the plain part 
sufficiently long to form the eutire spoke. A piece of 
iron of the section required for the rim of the wheel, 
and in length rather less than its half circumference, is 
then taken, and half the number of spokes required for 
the wheel are united to it by “ dab” welds, as shown at 
the top of Fig. 3. The whole is then heated and bent 
round, so as to form half the wheel, as shown at the 
lower part of Fig. 3. Another half having been pre- 
yared in like manner, the two are laid together and 
yossed, and the rims united by Vs, as in the case of the 
engine wheels. 

In addition to the modes of making solid wrought- 
iron wheels which we have already described, the pro- 
cess of M. Arbel has been largely employed on the 
Continent for the manufacture of both engine and ear- 
riage wheels. It has also been applied to some extent 
in this country by Mr. Owen of Rotherham, principally, 
however, for making carriage and wagon wheels. Ac- 
cording to M. Arbel’s system, the rim of the wheel is 
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made into a hoop, and has slight notches formed in it 
to receive the ends of the spokes, whilst the {boss is 
forged in two halves or washers, these having notches 
formed in them, which, when they are placed together, 
form recesses in which the inner ends of the spokes 
can rest. The spokes are each forged separately, and 
are made slightly longer than the distance between the 
rim and the boss, so that when all the parts are put 
together within the rim, the wheel has a dished form 
similar to that of an ordinary cart wheel. When all 
the parts have been properly placed, the wheel is put 
in a furnace and raised to a welding heat, and is then 
removed and placed in a die forming the anvil block of 
a large steam hammer. A similar die is attached to 
the hammer head, and these dies are of such a shape 
that, when they come together, they effect the welding 
up of all the parts of the wheel at a single blow, and 
leave it so that it requires very little trimming after- 
wards. In wheels made by this process the spokes 
and boss have to be made of such a shape that they 
leave the moulds easily ; the spokes are generally made 
elliptical, and the boss is larger in diameter at the 
centre of its thickness than at either side. In some 
of the wheels made by Mr. Owen the rim is of such a 
section that it forms the tyre also. 

The system of M. Lahousse of Belgium, has also 
been carried out in England, by Mr. Owen. The 
wheels made by this process occupy an intermediate 
position between the solid wrought-iron wheels, 
and the wheels with wrought-iron spokes and 
rims and cast-iron bosses, which are now so largely 
used for carriages and wagons. In M. Lahousse’s 
wheel the spokes and rim are made in the same manner 
as those for a wheel witha cast-iron boss, and the inner 
ends are notched on each side in a similar manner. 
The spokes are either not heated, or only slightly so, 
and are rested upon a washer or part of the boss which 
has been raised to a welding heat and placed in a die 
on an anvil. The washer forming the other part of the 
boss, also raised to a welding heat, is placed above 
them, and the whole is then subjected to the blows of 
a powerful hammer. By this means the washers are 
forced together and welded, the spokes becoming firmly 
imbedded in them. 








Tue New Works or tne CHarterep GAs CoMPANY. 
—The Chartered Gas Company since its amalgamation with the 
City of London Company, has arranged for the purchase of 
25 acres of ground at Hackney, and it is expected that not only 
this, but from 50 to 60 acres in addition, will be required for the 
new works proposed to be built, and which will be by far the 
largest ever constructed, The retort houses alone will cover 8 
acres, and the works are to carbonise 1200 tons of coal daily, 
equal to the daily production of nearly 12,000,000 cubic feet 
of gas. The holders will be of the same capacity. 
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STRAIN ON TELEGRAPH CABLES. 


A TELEGRAPH cable hanging in still water from a 
vessel at rest will assume a catenary curve, and the 
strains upon it at different parts of that curve can be 
readily calculated if the specific gravity of the cable be 
known. If, however, the vessel from which the cable 
is suspended be in motion, the curve formed by the 
cable varies considerably from a catenary, the greater 
the speed of the ship the greater being the variation. 
The true mathematical theory of the curve assumed by 
a sinking cable was investigated by Professor William 
ea as long ago as 1857, in which year he 
published a short account of it, and it was also worked 
out still more completely in a paper read before the 
Institution of Civil Engineers, early in 1858, by Messrs. 
Brook and Longridge. That a cable whilst being paid 
out cannot be hanging in a catenary curve, is proved 
practically by the fact that, if such were the case, the 
cable could not possibly sustain the strain that would 
be imposed upon it when it is being paid out, as is 
sometimes the case at an angle of less than 10° with 
the horizontal. For instance, the Atlantic cable was 
sometimes paid out at an angle of 9° 30’, and in this in- 
stance the case the cable, if hanging in a catenary curve, 
would have had to sustain a strain equal to the weight 
of a piece of the cable the length of which was equal to 
724 times the depth of the water in which it was being 
laid. In 2000 fathoms of water this would amount to 
a length of 145 miles, whereas the cable could only 
support 11 miles of itself. Actually, the strain instead 
of being 2030 ewts was found to be only 12 ewts. 
In his third Cantor lecture on Submarine Telegraphy, 
to which we have already referred in another article in 
the present number, Mr. Fleeming Jenkin illustrates 
the principles which govern the sinking of telegraph 
cables as follows : 

Suppose the ship to drop a number of spheres of the 
specific gravity of the cable into the water at regular intervals ; 
each of these would, within about two feet of the surface, ac- 
quire a definite, sensibly constant velocity o= % where 
w= the weight, and q the resistance to the body moving at one foot 
per second; these spheres moving with constant velocity at 
constant intervals of time, would lie in a straight line from the 
surface to the bottom, and would be more or less inclined to the 
horizon as the speed of the ship was less or greater. If the spheres 
were joined by an infinitely thin string, to which the water offered 
no resistance, they would form a cable which could be laid without 
any tension whatever, and with an amount of slack or waste 
depending simply on the inclination of the line to the horizon. 
The practical case of a submarine cable lies between these two 
extremes of the catenary and the isolated spheres; each short 
length of the cable lies like an inclined rod in the water, and 
has, therefore, a tendency to shoot back in a given direction, 
whereas the isolated spheres tend to fall vertically. Owing to 
this, cables, or, at least, heavy cables, cannot be laid without 
tension except at the expense of an enormous waste of cable. 

Mr. Jenkin also gives the results of Messrs. Brook 
and Longridge’s investigations in the following for- 
mule : ; 

v = the velocity of the paying-out vessel in feet per second. 

v1 = the velocity of the cable paid out in feet per second. 

w = the weight of one foot length of the cable in Ibs. 

¢ = the angle which the cable at the surface makes with a 
horizontal line. 

x = the height of any point A from the bottom of the sea. 

q = the resistance in lbs. which the water opposes to the motion 
of each foot of the cable moving pergendicabaty to itself, at 
the speed of one foot per second; g may be called the co- 
efficient of resistance to displacement. 

qi = the resistance in lbs. which the water opposes to the motion 
of each foot of the cable drawn through it lengthwise, at the 
speed of one foot per second ; g; may be called the co-efficient 
of friction. 

m = the resistance in lbs. which the water opposes to.the motion 
of each foot of the cable moving perpendicularly to itself, at 
speed of v feet per second; m is assumed = gv’. 

m, = the resistance in Ibs, which the water opposes to the 
motion of each foot of the cable drawn through it lengthwise 
at the speed v. m1 is assumed = q; v*. 

¢= tension in Ibs. at point A, which in what follows will be 
assumed as at the surface where the maximum strain occurs. 

Theu if the cable be laid without any tension at the bottom, 
which is now invariably done, the equation to the curve assumed 
by the cable will become the equation to a straight line inclined 
at an angle to the horizon such that 


(1) Cos. g = ¥ w+ 4m? — w 
2m 

Or, what amounts to the same, 

9 , Cos. gv? 

2. re 

@) Sin.” @ w. 
From this it appears that the angle at which any given cable 
will be paid out is (when not tight at bottom), independent of 
the tension _t (or of the velocity v,), and is dependent simply 
on the velocity v of the ship. Cables which are bulky for their 
weight, or, in other words, are of light specific gravity, lie at a 
small angle, but by increasing the ship’s speed any cable may 


be paid out at a small angle. We find further, when no slack is 
Paid out, 


(3.) t = (« — mi a aS oe) 
Sin. @ 


w x is oe the weight of a length of the cable hanging plumb 
from the ship tothe bottom. Thisis the maximum tension that 
can be required to lay any cable without slack. This tension is 
always slightly diminished by a certain small portion of its 
amount constant, for a given speed and cable. The annexed 
diagram may help to explain the results arrived at. The 
cable A C, lying on an inclined plane of water at the angle 
¢, is carried by a tension equal to the weight of a length 
A B of cable, somewhat as a chain would be in. equilibrium 
lying on a frictiouless inclined plane A C, and hanging 





down over a pulley at A to the depth B; but the inclined 
plane of water is not at rest; it yields under the cable at 
every instant at every spot; if the cable were pressed through 
the water in a direction perpendicular to itself, so that the plane 
of water yielded before the pressure of the cable, and did not slip 
along it at all, the above analogy would be perfect, and the ten- 
sion at A would be simply equal tow x; but since we have sup- 
posed the cable to be laid without tension, and without slack at 
the bottom, any point D must finally come to a point E, such 
that EC—D C; and it will be easily seen that the point D to 
do this must move in a straight line E D. Now this line D E 
is not perpendicular to A C; it falls within that perpendicular 
D F, so that if we suppose the plane of water under A C to 
yield perpendicularly before it, we must also conceive the cable 
as slipping back a little on the plane by an amount corresponding 
to the space between D F and D E, but this slip is opposed by 
the friction of the water, which thus tends to prevent the cable 
from running back on the inclined plane, and so relieves the 
tension by a small amount. ‘This amount is so small that it 
may be practically neglected, and would not have been mentioned 
did not the same considerations enable us to understand the 
effect of laying cable with a certain amount of slack. When this 
is done a point, D, moves ina line, say D G, differing much 
more in direction from D F than D E does.. When much slack 
is laid, the cable slips back at a considerable velocity on the 
inclined plane, and meets with a frictional resistance tending 
pe: al to relieve the tension, Thus, when the cable is 
paid out at a velocity v1, we have 


(Fem. ¢ y | 2 


sin. @ 

When 2; is considerably in excess of v, the fraction of the whole 
tension which the friction m! subtracts from w a is very con- 
siderable. It also increases rapidly as the speed of the ship 
increases, and it further increases if the specific gravity of the 
cable be small, for then it lies at great length in the water, pre- 
senting an immense surface to be gripped by the water. The 
friction on each foot is but small, but when twelve or thirteen 
miles of cable lie in the water, presenting a surface of 70,000 or 
80,000 square feet, the result is practically very important. 
Assuming a mean speed of 10.4 ft. per second as that at which 
the Atlantic cable was paid out when lying at an angle of 
9° 30’ in 2000 fathoms of water, with a tension of 12 cwt., we 
obtain the following values for the constants: , 

q = 0.085— 0.81 D) where D=diameter of cable in 

gi = 0.0085 — 0.081 D feet. 

From some observations it would seem as if the angle had 
been even less than the above, in which case g would be larger 
and g; smaller. From Beaufoy’s experiments we should have 
expected q to be more nearly 0.65 D; but the roughness of the 
cable may account for the difference, as it certainly does for the 
great difference in the co-efficient of friction, which is nearly 
eight times that which a smooth surface would present. It is 
probable that for a smooth iron cable the value of 1 would be 
more nearly equal to 0.001 D, and g==0.065 D. One reason 
will now be plain for giving in the foregoing tables the strength 
of the various cables relatively to the depth in which they are to 
be laid. The strain required to lay them is always a fraction of 
that depth, but the strain will not be always the same fraction 
of the depth, but will be smaller for the lighter cables when laid 
slack. : : 

The facts above indicated are exceeedingly impor- 
tant. They show that although, in order to lay a 
cable quite taut, it must, however light, be subjected 
to a strain nearly equal to the weight of a length of 
the cable hanging plumb from the surface to the bottom; 
yet, by laying the cable with a little slack, and in- 
creasing its bulk, without at the same time increasing 
its weight, this strain may be greatly reduced. In the 
case of the last Atlantic cable, a strain of about 28 cwt. 
would have been required to lay it taut, whereas, by 
laying it with 15 per cent. of slack, the actual strain 
required was less than half that just mentioned, being 
only about 12 cwt. By increasing the speed of the 
ship, or by laying with an increased per centage of 
slack, this strain could be maintained almost constant 
at all depths. ‘The Atlantic cable was laid in depths 
varying from 1750 to 2000 fathoms, and the strain on 
it ranged from 10 ewt. to 14cwt. Generally it was 
between 1] ewt. and 13 ewt.; but once, when a change 
was being made from hold to hold, the strain rose to 
17 ewt., the vessel being moving slowly at the time. 
This result agrees with that which might have been 
theoretically expected. The pitching of the vessel 
was never found to vary the strain more than 2 cwt. 


(4.) t= | w— ml 





have varied from about 9° to 12° with the horizon- 
tal. The angle of 9° 30', which was assumed in the 
receding theoretical investigations, appears to have 

een a usual one. ‘The speed of the vessel varied 
from 43 to 63 knots per hour, whilst that at which 
the cable was paid out varied from 5 to nearly 8 
knots per hour; the amount of slack ranged from 
9 to 18} per cent., it being about 14.8 per cent. 
on the last day. 

Concerning the strain to which a cable is subjected 
during an attempt to raise it bya grapnel from a great 
depth, Mr. Jenkin says : 

If a cable were laid absolutely taut along the bottom of the 
sea, when hooked by the grapnel it would rise a little way in 
virtue of its elasticity; if it stretched one per cent., by the time 
ten miles of it were off the ground the apex would be half a mile 
from the ground; a result few are prepared to expect, but the 
strain on the cable where caught would be very great, equal to 
the weight of about 24 miles of the cable, though the weight on 
the grapnel rope would be only that of ten miles of cable. The 
result, therefore, of trying to raise a cable such as the Atlantic 
laid taut, would certainly be to break it; but cables are not laid 
taut in deep water, and the Atlantic is laid with a mean slack of 
about 12 per cent., and in the last days we may even count on 
14 or 15 per cent. slack, that is to say, for every 100 miles 
passed over, 114 or 115 miles of cable were laid. Lay on the 
oor 114 in. of chain, between two points 100 in. apart, lift it in 
the middle on a hook, the two ends will bang down in catenary 
curves, and when the cable at the extremities is just off the 
floor, the hook will be 23.3 in. from the floor. Quite similarly a 
cable laid with 14 per cent. slack will, when caught by the 
grapnel, hang in two half catenary curves, and by the time 
11.4 miles of the cable are off the ground, the grapnel will be 
2330 fathoms from the bottom, i.e, at the surface of the Atlantic. 
The strain on the grapnel rope will be the weight of the cable 
lifted, or about 11.4 miles; the strain on the cable itself at the 
point of suspension will be much less, being only about 3} times 
the weight of the cable hanging vertically, or say 8 miles of 
cable. (Observe that the strain on the cable and the weight of 
the cable are not synonymous. When the twoends hang plumb, 
the strain on the cable at top is half the weight of the cable 
carried. When there is little slack the strain is much greater 
than the weight carried). If the depth were only 2000 fathoms, 
the strain on the cable when brought to the surface would only 
be equal to the weight of about 7 miles of cable. Moreover, the 
actual cable is not held at any point except by its own weight, 
and there will be a pull at the bottom tending to haul in slack 
towards the grapnel, amounting to several tons: but even with- 
out counting upon slack obtained in this way, it is clear that if 
the cable will bear 11 miles of its own weight, it could, under 
favourable circumstances, be hauled to the surface by a single 
grapnel. 

TABLE VII. 
Giving length of cable lifted with a given slack, and hanging in 
a catenary curve, &c. 








Tension at on 
Slack in | Point in terms of the Length of |Length of ver- 
per- oabttheegt te tf curve in terms} sine of span 
centage. | from the surtace to the of versine. ae. 
bottom. 
0 infinite infinite 0 
1 47.6 19.42 5.2 
2 20.8 12.75 8.0 
3 13.5 10,20 10.1 
4 10.0 8.74 11.9 
5 8.18 7.84 13.4 
6 6.90 7.16 14.8 
7 6.01 6.64 16.1 
8 5.39 6.24 17.3 
9 4.88 5.92 18.4 
10 4,52 5.67 19.4 
lL 4.18 6.48 20.45 
12 8.89 6.21 21.5 
14 3.49 4.89 23.3 
16 8.12 4.58 25.3 
18 2.89 4.37 27.0 
20 2.67 4.17 28.8 
22 2.48 8.98 80.6 
24 2.89 8.89 81.9 














TABLE VIII. 
Showing the —~ of a catenary curve of constant span—100, 
with various deflections at the centre, and giving strains at 
highest point in terms of the unit length of chain. 








Strain at highest 
Proportion of |Lengthofver-| Length of | point in terms 
versine to span.| sine or dip. curve. of the unit 
length of chain. 
0 0,00 100.0 infinit 
4 8.33 102.1 160:9 
tr 9.09 102.6 149.3 
Ys 10.00 103.0 137.6 
3 11.11 103.4 125.8 
3 12.50 104.3 115.2 
i 14.29 105.4 104.3 
ae 15.38 106.4 99.7 
, 16.67 107.3 94.5 
we 18.18 108.9 90.5 
L 20.00 110.4 86.2 
as 22.22 112.4 82.1 
3 25.00 115.4 79.1 
3 33.33 125.4 75.6 
4 50.00 177.3 73.5 | 

















The angle at which the cable left the ship seems to 
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Tables VII. and VIII. give the proportions and strains on cate- 
naries in various convenient practical forms. Thus, from Table 
VIL. we see that if 10 per cent. slack be laid, the maximum tension 
on the catenary lifted in, say 1 mile, will be the weight of 4.52 
miles of cable. In two miles depth the strain would be the weight 
of 9.4 miles of cable. In the latter case, 2 x 5.67 = 11.34 miles of 
cable will be off the ground, and the grapnel rope must be strong 
enough to bear this. Table VIII. gives similar information, sup- 

ing we do not start from a definite per centage of slack, but 

w the proportion of the dip made by a rope to the strain. 

In the case of the Atlantic cable, the above in- 
vestigations show that it is possible that it might be 
raised by a grapnel by sheer pulling, but the proda- 
bility of such a proceeding being successful is very 
small. Practically, extra strains would arise from the 
drifting of the ship to one side of the cable, from 
the pitching of the ship, from the friction of the 
water, from currents and other causes ; and the probable 
existence of a weak point in the cable would render 
it less capable of resisting the strain than it is esti- 
mated to be. Several plans have been proposed to 
overcome the difficulty. According to one, a number 
of ships were to be employed to lift the cable, these 
hooking it at a series of points. Another plan proposed, 
is to grapnel the cable at one point, and then at 
another nearer the end; the first grapnel is then to be 
dropped, and the cable again caught between the 
second grapnel and the end, this process being con- 
tinued until a point so near the oul is got hold of that 
the cable can be lifted vertically. The method which 
we must agree with Mr. Jenkin in considering the 
correct one to be followed, he describes as follows : 

The simple plan which at once occurred to all practical men, 
is to catch the cable with one ship by a holding grapnel, and 
then to cut it with a grapnel from a second ship, some three 
miles to seaward; the loose end held by the first ship could then 
be hauled on board with little strain. This plan will probably 
be adopted, with much chance of success. It is certain the 

cable was caught, and probably it can be hooked again; if so, 
there should be no difficulty in raising it, unless it is rusted to 
a much greater extent than we have any reason to expect. The 
grapnel of the first > should be a holding grapnel, of which 
several models were shown, otherwise the loose end might 
fly back over it if the second ship cut too near the first. The 
second ship should have a cutting grapnel, of which models were 
also shown, lest if the attempt were made to break the cable by 
brute force it might break at an inconvenient point. 
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CENTRIFUGAL Pumps.—The question is often asked, is not 
the Appold pump patented? It is not. In May, 1853, the 
manufacturers, Messrs. Easton and Amos, published the fol- 
lowing advertisement repeatedly in the Zimes: “Ap Id’s 
“ punps.—Mr. Charles Tetley, the unsuccessful plaintiff in 
“his recent action against us in the Court of Exchequer, having 
“entered a disclaimer of the majority of the points claimed in 
“ his patent of 1846, is now advertising his centrifugal pumps 
“and forbidding the use by the public of certain centrifuga 
“wheels. Appold’s pump, he says, is fully described in and 
“forms the substantive matter of Tetley’s patent. It is right, 
“ however that the public should know that this pump, which 
“was presented to the public by Mr. Appold at the Great 
“ Exhibition of 1851, and which we are manufacturing, cannot 
“be comprehended in any patent, being a combination of pril- 
“ciples and appliances which have for many years been known 
“and published.” } 

CrEosoTeD SLEEPERS.—Creosote is being generally = 
Belgium as a preservative for railway sleepers. In the anu 
Government report on the Belgium state railways, it is sta 
that out of the 153,753 new sleepers put down during the year 
1864, 128,165 were By" —— sleepers omy 
being largely emplo: e English railway compani 

THE me puns ovEmEnr—The workmen of Messrs. 
Richardson, Denton, Duck and Co., shipbuilders, of Hartle rs 
have turned out upon a strike for a reduction of the working 48y 
to nine hours. Other strikes are threatened. 
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HYDRAULIC LIFT GRAVING DOCK. 


On Tuesday last a paper by Mr. Edwin Clark, 

M. Inst. C.E., describing the Hydraulic Lift Graving 
Dock at the Victoria (London) Docks, was read before 
the Institution of Civil Engineers. A large graving 
dock, as ordinarily constructed, is almost necessarily a 
costly work, and this is particularly the case if it has 
to be formed in rock intersected by fissures, or in soil 
of a gravelly nature. Little alteration has been made 
for some time in the principles upon which graving 
«docks have been constructed, most of the first class 
docks now made differing merely in their dimensions 
and details. Many graving docks have been made of 
timber, and we gave particulars of some of the docks 
on the Thames so constructed, in an article* in this 
journal a few weeks ago. A graving dock has been 
recently completed at Portsmouth sufficiently large for 
docking the Minotaur, a vessel of 6621 tons, and there 
are also some fine examples of this class of work at 
some of the French ports. 

In some cases inclined planes, or slips, have been 
substituted for graving docks, and where the foreshore 
is favourably formed, they are particularly applicable 
for small vessels, being more economical than graving 
docks in such situations. For hauling up the vessels 
hydraulic power has been advantageously used. 
“About nine years ago, when the Victoria (London) 
Docks were nearly completed, the engineer, Mr. Bidder, 
was anxious that some cheaper system of docking 
large vessels than by the ordinary graving dock should 
be adopted, and his attention was therefore directed to 
floating docks. Many of these docks have been con- 
structed, those first made being of moderate size, and 
built of timber ; a description of a dock of this kind in 
the harbour of Marseilles was given by Mr. Clark. 
Larger floating docks were afterwards made of wrought 
iron. In America a considerable number of timber float- 
ing docks have been constructed; such, for instance, are 
those at New York, Charleston, Savannah, Mobile, New 
Orleans, Portsmouth and Pensacola, those at the two 
latter places being arranged so that, after a vessel has 
been placed on its pontoon, it can be hauled ashore on 
its cradle on bedways placed to receive it. In the case 
of the Victoria Docks, floating graving docks of the 
ordinary kind were considered to be objectionable, on 
account of the difficulty of constructing them, when of 
large size, with sufficient rigidity to resist the various 
strains to which they are exposed ; on account of their 
want of stability of flotation, and also on account 
of the great cost of their construction and manipu- 
lation. 

Under these circumstances, it occurred to Mr. Clark, 
‘who, under the direction of Mr. Robert Stephenson, 
‘had designed the machinery, and superintended the 
‘ raising of the Britannia and Conway tubular bridges, 
‘that a similar process might with advantage be 
applied to the docking of a vessel. The problem 
‘was simply to raise a given weight to a moderate 
‘height in the most rapid and economical manner, and 
‘there appeared to be no reason why a vessel should 
“not be dealt with in the same way as any other load. 
‘The weight actually lifted at the Britannia bridge, 
“with only three presses, was equal to that of a vessel 
‘of 1800 tons.” In consequence of these considera- 
tions, Mr. Clark designed the Hydraulic Lift Graving 
Dock, a description of which formed the subject of his 
paper. 

The site selected for the dock was a plot of land 
about 26 acres in extent, situated between the Victoria 
Docks and the Thames, and the works were undertaken 
by the Thames Graving Dock Company. The soil at the 
place selected consisted of a deep bed of bog and allu- 
vial mud, beneath which was a substratum of gravel, 
and the site admitted of a direct entrance from the 
Vietoria Docks, with the advantage of a permanent 
water level. A separate entrance from the Thames 
was thus rendered unnecessary, and the only excavation 
which had to be done was consequently the lift pit 
and its deep entrance to the dock. At this latter pomt 
a coffer dam was employed. The water in the lift pit 
is 27 ft. deep, whilst the depth over the remaining’ 
water space is only 6 ft., this being the maximum 
draught of the pontoons. The shallow water spate is 
partly divided by jetties into eight pontoon berths, 
each 60 ft. wide, and varying in length from 300 ft. to 
400 ft. The total area of the shallow water part is 
16 acres, and |it thus affords space for floating from 
fifteen to twenty pontoons. It is estimated that this 
number can be kept employed by a single lift. 

The lift consists of an’ arrangement of hydraulic 
presses for raising a vessel. It is formed of two rows 
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of cast-iron columns each 5 ft. in diameter, sunk about 
12 ft. in the ground, at a distance apart longitudinally 
of 20 ft. from centre to centre. The two rows are 
60.ft. apart from centre to centre of columns, and they 
are placed one on each side of the lift pit. There are 
sixteen columns in each row, and the total length of 
the dock is 310 ft.; as, however, vessels may overhang 
at each end, the working length is considered by Mr. 
Clark to be 350 ft. The columns were sunk in the 
ordinary manner, and when the required depth had 
been reached, tlfe bases were filled m with concrete. 
The hydraulic presses, of which one is enclosed in 
each column, rest upon a layer of planks placed on 
this concrete. The tops of the presses are just clear 
of high water, and from this point to the tops of the 
columns slots are formed in them, which act as guides 
for the press crossheads. The columns themselves 
support no weight. Each column is surmounted by a 
cap, and a wrought-iron framed platform, running the 
full length of the dock on each side, firmly connects 
together the tops of the columns of each row. 

The hydraulic presses have rams 10 in. in diameter 
with a stroke of 25 ft.; these rams are solid, and are 
connected at their upper ends to crossheads 7 ft. 6 in. 
long, made of boiler plate. The crossheads project 
1 ft. 9 in. beyond the columns on each side, and are each 
connected to two wrought-iron girders 65 ft. long, which 
extend across the dock to the corresponding column 
and press on the opposite side These girders, of which 
there are sixteen pairs, form a kind of open wrought- 
iron platform, or gridiron, upon which a vessel can be 
placed, and raised or lowered at pleasure. ‘The water 
is forced into the presses just below the top collars, 
and the whole number of presses is divided into three 
groups, one group consisting of the sixteen presses at 
the upper end of the lift, and the other two being 
formed by the eight remaining presses of each row 
respectively. The presses of which each group is com- 
posed are connected, so that the same pressure is main- 
tained in all of them, and the three groups thus form a 
kind of tripod support upon which the platform rests. 
This system of grouping the presses is considered by 
Mr. Clark to be an important feature, as any one point 
of the tripod can be raised or lowered at pleasure 
without reference to the other two, and the pontoon 
can thus be maintained perfectly level, or can be placed 
at any desired inclination. 

The sectional area of each ram being 100 circular 
inches, a pressure of water equal to 2 tons per circular 
inch gives a lifting power of 200 tons to each press, or 
a total lifting power of 6400 tons. From this amount 
must be deducted the weight of the rams, crossheads, 
chains, and girders, equal altogether to 620 tons; thus 
leaving a lifting power of 5780 tons available for raising 
the pontoon a vessel. ‘The supply of water to any 
pair of presses canbe instantly cut off in the valve 
room, even whilst a vessel is being lifted, without 
causing any int@truption. The docking of a vessel 
consists of two separate operations, the first. being the 
lacing of the vessel over the pontoon and raising it 
vy means of the lift, and the second being the transpor- 
tation of the vessel on the pontoon, to a position in 
which it can be conveniently repaired. It was stated 
by Mr. Clark in his paper that the lifting of a vessel 
only occupies about twenty-five minutes, and that even 
during the severest cold it is found that a few occa- 
sional strokes of the engine suffice to keep the water 
in motion and prevent congelation. 

The operation of docking a vessel is conducted as 
follows :—An open pontoon, of ‘a suitable size for the 
vessel to be docked, is selected and placed upon the 
girders of the lift; water is then admitted into it, and 
it is sunk with the girders to the bottom of the dock. 
The vessel is next brought between the two rows of 
columns, and moored securely over the centre of the 
pontoon. The girders being raised, the keel blocks 
fixed to the pontoons are made to bear upon the keel 
of the vessel, and the sliding bilge blocks, with which the 
pontoons are also fitted, are hauled in by chains laid 
for the purpose on each side of the dock. The raising 
of the vessel is then continued, and the pontoon, with 
the vessel upon it, is lifted clear of the water. The 
water then flows out of the pontoon through valves 
fitted at the bottom, and when it is emptied these valves 
are closed, and the girders lowered, the pontoon with 
the vessel remaining afloat. In about half an hour a 
vessel drawing 18 ft. of water can thus be left floating in 
a shallow pontoon, having a draught of only 4 ft. or 6 ft., 
and it can be transported to a shallow dock prepared 
for its reception. 

Mr. Clark considers the principal features of the 
system above described to be “its economy of first 
“cost, by the short time required for its construction 
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“simple and durable character of all its parts ; its 
“ adaptability to almost any situation, especially in 
“ harbours or tideless seas, by which any area of shal- 
“ low water could be rendered available as a dock for 
“ the largest vessels ; its capability of almost indefinite 
extension, by the use of additional pontoons, or, as 
regarded the lift, by the addition of extra columns ; 
its rapidity of manipulation with a small staff, b 

which even vessels in cargo could be docked, wit 

freedom from all strain; and the convenient ac- 
cessibility it afforded to all parts of a vessel, 
and oe in painting iron —_ their free 
exposure to light and air.” In addition to these 
characteristics, which were the results of practical 
experience, others might be indicated. Thus it was 
stated by Mr. Clark that the system might be ap- 
plied to the transportation of the ane laden vessels, 
either across an isthmus by the construction of a 
shallow canal, or over shallow rivers; and it might 
also be used for “removing vessels of war inland 
“ either for their protection or for a means of internal 
“ defence, or for laying up under shelter, or building, 
“or navigating vessels in any shallow water space, 
“ rendering unnecessary the _ area of floating dock 
“ accommodation now required, by which a considerable 
“ portion of the enormous expenditure which charac- 
“ terised such works might be economised.” 

At the Victoria pm at Docks seven pontoons are 
now in use, and at the end of last year one thousand 
and fifty-five vessels of an aggregate tonnage of 712,380 
tons had been lifted without any mishap. The com- 
plete cost of the lift, including columns, presses, 
girders, pipes and fixing, was 20,300/., whilst the 50 
horse-power condensing engines and pumps, &c., cost 
3600/, and the connecting pipes &c., 16287. 
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Workina Snuipe’s Guns.—Orders have been received at 
Portsmouth dockyard by the Admiralty, to complete the iron 
frigate Minotaur in her fittings for commission, irrespective of 
any future trials of the competitive gun carriages, provision for 
which has been otherwise arranged. These future arrangements 
for the trials of the gun carriages are understood to be the 
substitution of the Bellerophon for the Minotaur, and the Ad- 
miralty, in this change of ships, appear to have been guided 
by sound common-sense views in the endeavour to render the 
results of such important competitive trials as complete and ex- 
haustive as may be possible, ‘The Minotaur, with her enormous 
bulk of hull—npwards of 6600 tons—could never be given on 
any one of her recent trips into the Channel any motion 
exceeding an easy lateral swing of 10° each way, which is 
useless for proving the comparative merits of broadside gun 
carriages and their slides intended to mount 12}-ton guns. It 
was found impossible to attain the necessary degree of quick 
lurching motion with the Minotaur in mere Channel waves, but 
with the Bellerophon—a vessel nearly 2400 tons less in the 
size of her hull—it may be attained. The question will then 
be settled beyond possibility of doubt or cavil. Tliere are also 
other reasons in favour of the trials being completed in 
the Bellerophon rather than in the Minotaur. The latter 
vessel is greatly deficient in space between the only ports she 
has fitted for fighting 12}-ton guns through, and she is also 
somewhat deficient in height between decks and elevation of 
her ports for such ordnance. The Bellerophon has none of 
these defects. On the contrary, her battery and its ports have 
been expressly built and fitted for working the guns, and afford 
ample space for a trial of any mechanical appliances fitted for 
working them. She is also fitted with training gear designed 
by Mr. E. J. Reed, Chief Constructor of the —_ which 
possesses the great advantage of being all fixed and worked on the 
deck below the battery, and therefore secure from danger in 
action, as well as not encumbering the gun deck. It also 

ssesses the serious disadvantages of being very complicated in 
its parts, of great weight and excessively costly, looking at it in 
relation to the simple end for which it has been designed; the 
training of heavy ordnance being the least of the difficulties 
that have to be met with and overcome in its adoption on the 
broadside of our ships of war. Mr. Reed’s plan being fitted, 
however, ou board of the Bellerophon, will now have to stand 
its competitive trial with Commander Scott’s gear as fitted 
to his carriage, with Mr. Lynn’s gear as fitted to the 
Woolwich carriage, and with the gear of Mr. Cunning- 
ham as fitted to the Admiralty pattern wooden car- 
riage. The iron carriage of one of the guns on bvard 
the Minotaur, and which was constructed in the Wool- 
wich Arsenal, has been returned to Woolwich from the 
ship to be fitted with a different system of compressors, and 
when completed, will be sent back to Portsmouth for trial in the 
Bellerophon. Sir William Armstrong’s iron carriage, which has 
been manufactured at Elswick, is also expected to arrive at 
Portsmouth during the present week, and will enter the lists 
against the other carriages in the trials on board the Bellerophon. 
This carriage from Elswick is spoken of very favourably from its 
appearance, but any peculiar features of construction it a 
possess will be seen in a truer light when it stands on the dec 
of the Bellerophon in company with its rivals—the Scott and 
the Woolwich Arsenal iron carriages and the Admiralty pattern 
wooden carriage. There can be no disputing the fact thaf with 
the cruises of the Bellerophon will commence the real trials of 
the iron gun a the Elswick carriage only then entering 
upon the scene, and the Woolwich carriage having been virtually 
disabled on board the Minotaur by the inefficiency of the com- 
ressors. The trials will be of the highest importance, and their 
results will be watched with eager interest by all who study and 








“and erection, and in subsequent maintenance, by the 


value the efficiency of the navy. 
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ELECTRICAL TESTS. 

Te fourth Cantor lecture delivered by Mr. Fleem- 
ing Jenkin at the Society of Arts, related entirely to the 
various methods of conducting electrical tests. When 
the two poles of a galvanic battery are connected by a 
wire, the magnitude of the current passing along 
that wire depends, with any given battery, upon the 
transmitting capacity of the wire itself. ‘This capacity 
for transmitting a current will vary according to 
the size and length of the wire, and also according to 
the conducting power of the material of which it is 
composed. Thus a long and small wire will offer 
great, and a short and thick wire but little, resistance 
to the current. The magnitude of a current may be 
measured by the disturbing force which it exerts upon 
a magnet placed in the neighbourhood of the wire 
through which it is passing; and when the deflections 
of a magnet so situated are small, they may be con- 
sidered as true relative measurements of the yarious 
currents by which the deflections are produced. The 
magnitude of the current passing through the wire 
connecting the poles of any given battery is, in virtue 
of Ohm’s law, inversely proportionate to the resistance 
offered by such circuit; and, supposing the force 
exerted by the battery to be constant, if it is found that, 
upon the introduction of a certain wire into the circuit, 
the magnitude of the current is halved, it is at once 
shown that the resistance of the circuit is doubled, and 
vice versd. In thus estimating the resistance of a cir- 
cuit, care must be taken to allow for the resistance 
offered by the measuring instruments, together with 
that of the battery itself, and a convenient method of 
measuring the latter resistance, which is due to Pro- 
fessor Thomson, is thus described by Mr. Jenkin : 

“First make the connexions, shown in Fig. 1, where CZ 
represents the battery to be tested; G, the galvanometer; and 
AB, a short wire. The resistance of the conducting wire of 
the galvanometer must be known, and let it be called equal to 
a units. Then adjust the resistance of AB so that it shall be 
equal fo one unit, and observe the deflection of the galvanometer. 
Next break the connexion at AB, and introduce a resistance R, 
as shown in Fig. 2, Adjust this resistance till the deflection is 
the same as before; let the resistance at R, when thus adjusted, 
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be called b, then the resistance of the battery, or, more strictly, 
the part of the circuit ACZB, will be equal to > If it be not 

a 
convenient to make AB exactly equal to one, any other con- 
venient resistance ¢ may be taken, and the resistance of the 
i) 
battery will be equal to." 


The magnitude or strength of a current is its only 
measurable property, and the old distinctions of quan- 
tity and intensity currents are really quite unnecessary. 
What used to be called an “intensity current,” is a 
current passing through a cireuit which offers con- 
siderable resistance, whilst what used to be termed a 
* quantity current,” is one flowing through a circuit in 
which the resistance is but slight. The latter might 
be almost annihilated by an additional resistance, which 
would but slightly affect the first. It would be pos- 
sible to compare the resistance of two wires by noticing 
the effect produced by them in a given circuit, and 
applying Ohm’s law, but there are practical difficulties 
which would render such a mode of proceeding incon- 
venient and inaccurate. Thus, both the power and 
resistance of the battery may vary whilst the observa- 
tions are being made, and in any case the correctness 
of the deductions would be limited by the accuracy with 
which it is possible to measure the deflections of the 
magnet of the galvanometer. Other methods of testing 
for resistance, all dependin; apon Ohm’s law, have 
therefore been invented, one of the most convenient 
instruments for the purpose probably, being that known 
as “ Wheatstone’s balance,” or “ differential measurer.” 
This instrument is described by Mr. Jenkin as follows : 

“ Let four wires be joined with a galvanometer and battery, 
as in Fig. 8; then, if A, B, C, and D represent the resistances 
of the four wires, no current whatever will pass through the 


most sensitive galvanometer when 7 = D, but if the ratio B 
; c . 
be « littleJarger than ‘[p * current will pass through the galva- 
A Cc 


nometer in one direction ; if B be smaller than p, the current 
’ 


will be in the opposite direction. An explanation of this fact 
will be given in the ensuing lecture. Four wires thus arranged 








allow us to measure the resistance of any one of them which is 
not known, in terms of the three others: if A and B are equal, 
we may try how great a length of D is exactly equal in resist- 
ance to C, a selected standard, and this is precisely the test 
adopted to choose copper of small resistance or good con- 
ducting power, C is, say, 100 in. of copper wire, known 
to be good. Then the observer tries how great a length of 
copper wire from a new hank must be inserted at D to bring 
the galvanometer to zero, or no deflection. If this length be 
105 in, the new hank is five per cent. better in quality than the 
standard; if the length be 95 in., then the new hank is five 
per cent. worse in quality than the standard. But this is not 
all: if we desire to measure a coil of wire haying ten times the re- 
sistance of C, we may make B exactly ten times A, and then when 


we have adjusted the length of the wire D, so that the galvano- 
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meter is at zero, we may be sure that the resistance of D is ten 
times C. Hitherto we have spoken of comparing two random wires, 
but it will clearly be convenient to have some common term of 
comparison, such as the foot for length, or the pound for weight. 
With this view the resistance of a certain piece of wire is chosen 
as the unit, and when other wires are measured, instead of being 
always directly compared, they are each compared with the unit, 
and are said to have each so many units of resistance. Several 
units have been proposed; the lecturer uses that known as the 
British Association unit, sometimes called the “Ohm.” When 
a unit has been chosen, whether for length, weight, or electrical 
resistance, it will always be found convenient to have multiples 
of the unit for measuring large quantities, and fractions of the 
unit for comparison with omell quantities. With this object 
separate pieces of wire, equal to 1, 2, 8, . . . to 1000, or even 
10,000 units are prepared in cases, and conveniently arranged 
so that any resistance required can be selected and inserted in 
the required circuit. These cases of graduated wires are called 
sets of resistance coils, and are variously arranged by the 
different makers. Mr. C. W. Siemens and Messrs. Elliott 
Brothers, both make sets of British Association coils. If, 
when possessed of such a set of coils, we receive a wire of 
which we do not know the resistance, we may arrange 
a Wheatstone’s balance in which two equal coils are connected 
as at A and B; the new wire at D and the set of coils at C. 
We then find by trial the number of units required to bring the 
galvanometer to zero. If we find D too small to be conveniently 
measured thus, we may choose two coils equal to 1 and 100 for 
Band A. When the galvanometer is at rest on completing 
the circuit, the resistance of D will be the hundredth part of the 
coils included at C. Similarly, if D be large we make the coil 
A 1, and B 100; then the resistance of D will be 100 times that 
of the coils required at C to bring the galvauometer to zero. A 
still greater degree of precision in comparing C and D will be 
obtained if part of the wire between A and B be a uniform wire 
laid along a measured scale, and if the point 7, to which the gal- 
vanometer wire is attached, be made movable along this wire, 
the resistance of which must be known as compared with the 
other parts of A and B. Now, if A, B, C, and D are as nearly 
balanced as they can be by the addition and subtraction of units 
at C, a still more perfect balance (indicated by the absence of 
deflection in the ivuninted mey be obtained by shifting Za 
little; then if its position be observed, giving the exact ratio 
between A and B the exact value of D can be found in terms of 
the unit used at C by a simple rule of three sum. In fact, 
every change that the rule of three is susceptible of, can be 
worked out effectually by the above arrangement, and measure- 
ments can be made without an error of one part in 100,000.” 

The method above described affords the means of 
accurately comparing one wire with another, and also 
of comparing any given wire with a fixed standard. It 
is also possible, if the resistance of any wire of a certain 
material and dimensions be known, to calculate the 
resistance of another wire of the same material, but of 
a different size and length, the resistance offered vary- 
ing directly as the length, and inversely as the sectional 
area of the wire. The following tables, which were 
given by Mr. Jenkin, contain many data upon which 
such calculations can be based : 

Table I. contains the “ specific resistances” of various 
bodies defined in different ways, the data given by the 
first and third column of numbers being applicable 
to English measures. Mr, Jenkin gives the following 
example of the mode of using it : 

** Let it be required to know the resistance at 0° of a con- 
ductor of pure hard copper, weighing 400 1b. per knot. This is 
equivalent to 460 grains per foot. The resistance of a wire 
weighing one grain per foot is 0.2106; therefore the resistance 

0.2106 
of a foot of a wire weighing 460 grains will be 55, but the 
resistance of one knot will be 6087 times that of one foot, hence 
6087 x 0.2106 __ 9.79 units. It 
460 
the diameter of the wire be given instead of its weight per knot, 
the calculation is still simpler, and the constant for English 
measures would be taken from the third column of the table. 
Thus the resistance at 0° of a knot of pure hard-drawn copper 
6087 x 9.94 6.05, It will be 

100 
seen that unnealing wires materially alters their resistance, 
though it leaves their chemical composition quite unaltered.” 


the resistance required will be 


wire 0.1 in. diameter would be 











TABLE I. 
Specific resistance in B.A. units of mefals and alloys at O° 
Centigrade, from Dr. Matthiessen’s experiments. 











sistance of a wire 


one foot long, weigh- 
} a wire 


Name of Metals. 


ing one grain. 





ing one gramme, 
inch in diameter. 


one metre long, weigh- 
one foot long, 1-1000th 





Resistance of a wire 
Resistance of a wire 


936 | 0.01937 
51} 0.02103 








Silver annealed ... ,.| 0.2214 | 0.1544 9 
» hard drawn...) 0.2421 | 0.1689 


Copper annealed...... 0.2064 | 0.1440 9.718 | 0.02057 












| 
} 
» hard drawn..| 0.2106 | 0.1469 | 9,940} 0.02104 
Gold annealed........' 0.4849 | 04080 | 12.52 | 0.02650 
» hard drawn ...| 0.5950 | 0.4150 } 0.02697 
Aluminium annealed) 0.06822} 0.05759 0.08751 z 
Zinc pressed...........; 0.5710 | 0.3983. | 0.07244 | 0.365 
Platinum annealed... 2464 | O.LLGG 
Iron annealed ........ 0.7522 } 0.1251 
Nickel annealed ..... 0.8666 0.1604 : 
Tin pressed ..,....... 0.8 | 0.1701 0.365 
Lead pressed ......... |} 2.257 | 0.25276 | 0.387 
Antimony pressed ... 2 | 0.4571 0.389 
Bismuth pressed...... 1.689 0.354 
Mercury liquid ...... | 600.0 270 0.072 
*Platinum, Silver,) | 
alloy hard oran-> 4.243) | 2.959) | 148.35 | 0.5140 0.081 
MOBIED  ,.., .c000... 
tGerman Silver, ) 2.652 | 1.850 | 127.32 0.2695 0.014 
hard or annealed § = ipeaae - ‘ 
tGold Silver,alloy, ) 2.391 | 1.668 | 66.10 0.1399 0.005 
hard or anneuled 5 | | 
| 





TABLE IL 
Constants, for metals or alloys, by which to calculate the re- 
sistance R at temperature ¢ frum the resistance 7 at zero:— 


R=r(1+ at+ de). 


a. b. 
§Pure metals............... 0.003824 -++ 0.00000126 
Mercury ...ssecseeeeeeeee 0.0007485 — 0.000009398 


German silver : 0.0004433 -+- 0.000000152 
Platinum silver............ 0.00031... ose 
Gold silver...... cecesseceees 0,0006999 — 0.000000062 


TABLE IIL 


Resistance in B A units of wires one foot long weighing one 


































grain. 
| 
Temperature}. ns German Platinum 
Centigrade. Soft it tani — silver. || | silver. 

0 0.2064 0.2106 10.61 | 16.97 
5 0.2102 0.2147 10.628 | 17.00 
10 0.2144 0.2188 10.647 | 17.02 
il 0.2153 0.2197 oie oes 
12 0.2161 0.2205 ise eco 
13 0.2170 6.2214 seo | “ 
14 0.2178 0.2222 a ae 
15 0.2186 0.2231 10.665 17.05 
16 0.2194 0.2239 one ese 
17 0.2203 0.2248 eee eee 
18 0.2211 0.2256 wile } 

19 0.2265 sae “4s 
20 222 0.2272 10.682 17.08 
21 0.2237 0.2283 eee ose 
22 0.2242 0.2288 ese eco 
23 0.2253 0.2299 ese eee 
24 0.2262 | 0.2308 a # 
25 0.2271 | 0.2317 10.702 17.10 
26 0.2279 | 0.2825 es 
27 0.2287 | 0,283 ‘ga eee 
28 0.2296 | 0.2343 eee 

29 0.2305 0.2352 ~~ tes 
30 0.2315 0.2360 10.720 | 17.13 
81 0.2322 0.2369 eee ase 
82 0.2328 0.2375 ooe | ose 
83 0.2340 0.2388 ose és 
34 0.2348 0.2396 oun ans 
35 0.2357 0.2405 10.739 | 17.15 
36 0.2365 0.2413 ees on 
37 0.2376 0.2424 a 
38 0.2383 | 0.2432 mm ot 
89 0.2391 | 0.2440 ° | 
40 0.2400 | 0.2449 10. 











: TABLE IV. 
Resistance per knot and specific resistance in B A units of con- 
ductors and insulators of various cables at 24° C. 





Specific resistance of 





Name of Cable. 


Resistance per knot of 
conductor at 24°C, 
foot grain at 24° C, 

insulator at 24° C 
after one minute's 
electrification. 
electrification. 


Resistance per knot of 











| @ 
28 x 108 0.875 x 108 





— ” on to to . 

ROD SOR o,..crcccecescersesences 7.94 | .2700 a 38 x 10° 1.187 x 108 
Malta-Alexandria, mean,,,| 3.49 | .2637 115 x 106) 4.06 x 108 
t 391 193 ,, 108] 5.910 ,, 10% 





Persian Gulf, mean ,......../ 4€ 13 
2nd Atlantic, mean .272| 2421] 349 ,, 10°/11.22 ,, 1° 
Hooper's Persian Gulf) | 8000 .. 108 245 y 108 
CS eee 3 a 











* The alloy used for B.A. resistance units, 2 parts platinum, 
1 part siiver by weight. 
+ The alloy commonly used for resistance coils. 
¢ 2 parts gold, 1 part silver by weight. 
§ Approximate or mean formula. 
| Calculated from spec. gravity 8 47. 
{ Calculated from spec. gravity 12,0. (Approximate values only.) 
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The resistance offered by all metals is increased by 
a rise in their temperature, this increase of resistance 
being the same for all pure metals, with the exception 
of iron, between the temperatures of 0° and 100° Cent. ; 
this fact was discovered by Dr. Matthiessen. The 
formula and constants, by which the* resistance of 
yarious wires between the above mentioned limits of 
temperature may be calculated, are given in Table IT. 
Mr. Jenkin states, that roughly, the increase in the 
resistance of all the pure metals may be taken at from 
0.37 to 0.39 per cent. within the limits of temperature 
commonly occurring in rooms. Table IIT. contains 
the specific resistance of the principal metal in a pure 
state, at different temperatures. Generally speak- 
ing, the resistance offered by alloys is considerably 
greater than the mean of that of the metals composing 
them, the resistance of any pure metals being greatly 
increased by the admixture of foreign metal. For this 
reason wires made of an alloy are not applicable for 
cables, but are useful for making resistance coils, as they 
enable these coils to be constructed in a less bulky form. 
The effect of change of temperature on such coils is, 
however, less than that on coils of pure metals. Mr. 
Jenkin makes the following remarks on some points to 
be attended to in practically measuring the resistance 
of conductors : 

“ All resistance coils should be wound double so that the cur- 
rent may pass both ways round the coil equally; this prevents 
self-induction—a disturbing element. Care must generally be 
taken in using the Wheatstone balance to connect first the battery 
at o (Fig. 3), and then the galvanometer at p. The battery 
must be left connected for the shortest possible time, to avoid 
heating the wires; special precautions must be taken to'avoid 
resistances at connexions, which are often considerable, The 
resistance of the wires composing the balance should not differ 
too greatly from that to be measured; short wire galvanometers 
answer best for short wires; long wire galvanometers for long 
wires; one cell of large surface generally gives better results than 
large batteries; the temperature of the wire to be measured, 
and that of the resistance coils, should be accurately observed. 
These and many other points could only be fully developed in a 
treatise on testing. Practically, the copper of a cable is tested 
before it is used, to ascertain whether its quality is equal to that 
specified; when a knot of wire is covered it is again tested for 
resistance, to ensure that the proper quantity and quality of 
wire has been used; finally, after the cable is covered the re- 
sistance test serves to check the length of the cable in circuit, to 
ensure that- the conductor is at no point interrupted, and that 
the temperature in the tank is not higher than it should be.” 








ENGINEERING QUALIFICATIONS, 
To tHe Eprror or ENGINEERING. 

Sir,—I have read with great interest Mr. Fowler’s 
able address to the Institution of Civil Engineers, and 
your subsequent remarks upon the education of future 
engineers. The proper education of the rising genera- 
tion is no doubt of great importance, as the present 
high scientific prestige of the profession would decline 
if the standard of knowledge is not kept up. 

Now, I think, Sir, that there is a state of things 
arising gradually in the profession, to which public 
attention should be called, and which is even more 
calculated to undermine the high position it has now 
attained, than a want of sufficient engineering educa- 
tion; for a man would indeed be careless who, de- 
voting his life to a profession, did not at some time and 
m some manner, attempt to make himself as competent 
as possible in it. 

he state of things to which I refer, may be briefly 
described as commercial in its character. There are 
several men in this country practising as civil engi- 
neers, who, 1 consider, have no right to that title; 
who, I dare say, have begun life without the remotest 
intention of becoming civil engineers, and who look 
upon the profession as a kind of commercial specula- 
tion, or as one of the easiest roads to wealth; who 
stand in the same relation to dond fide engineers that 
quacks do to the medical profession. 

Such men would, for the most part, hold the opinion 
that common sense and perseverance are alone neces- 
sary to make an engineer, and that any one possessing 
these facilities can constitute himself’ a civil engineer 
whenever he pleases. Now, I have heard it said 

that anybody can make a railway ;” but it is one 
thing to make ‘a railway, and another thing to make it 
i the cheapest manner possible, and I contend that, 
unless a man has been brought up to the profession in 
Fey a manner, he cannot have the requisite know- 
ledge and experience to do his work economically. 

Of course, if the public once get the idea that any- 

’y with common sense can do what in reality it takes 
— aeares and hard work todo properly, 
bor’ thee _ a very low estimate of a civil engineer ; 

y do not see—and it is very difficult to get 

m to see—that by not having proper engineers, any 


much more in the end. Most railway companies would, 
I believe, prefer wasting 10,0007. on works, to wasting 
1000/. on engineers’ salaries, if they be wasted. 

Now, let no one imagine that this letter has been 
written for the express purpose of abusing and running 
down self-constituted engineers. Not atall. I would 
rather say with the Irishman, “ Small blame to them,” 
for they have but done what any man of ability would 
do: they have seen their opportunities, and they have 
taken them. But what I do maintain is, that the fact 
of outsiders having these opportunities, shows us that 
the profession is not as yet constituted upon a sound 
and proper basis; its boundaries are not as yet fixed 
and definite. 

Somebody will doubtless say, “ Let the best man 
“win.” That argument would apply very well in the 
infancy of the profession; but now that practice has 
been carried to such an extent and perfection, it at 
best amounts to this: that the man who can push 
ahead and get rich first is welcome to it. 

Moreover, it is obviously unfair that outsiders should 
be able to compete successfully with men who have 
paid for their special education (for such an education 
as Mr. Fowler suggests could not be had for nothing) 
and for their three or five years’ pupilage. 

It may be said that I intend to establish a monopoly, 
and that this letter smacks of Toryism. Who has such 
a right to establish a monopoly of engineering as en- 
gineers? At the best every man is working for his 
living, and if he gives up his whole life to a profession 
has he not a right to establish a monopoly of that pro- 
fession if he can? Why should other men act the 
cuckoo, and sit on engineering eggs? As I said before 
I donot blame these men. No, I say to them, go a- 
head my boys if you can: but if we can we will stop 
you. 

Now comes the question, how is the difficulty to be 
met ? How are we to keep out intruders ? 

I answer by waity among engineers. Let us com- 
bine and set our faces against quackery in every pos- 
sible form, let us put it down and denounce it = a 
ever we see jt. Let us, as it were, present ourselves 
as a body to the public, and let them see that we are 
alive and moving; let us teach the public that they 
save money by employing dond fide engineers instead 
of quacks ; and show them that their interest lays in 
maintaining the true breed of engineers. 

What we want is a diploma of some kind, and I be- 
lieve that the examination system, as previously recom- 
mended in your valuable journal, would be very effec- 
tive if judiciously applied. The chief objections to 
examinations, are I believe, that they cramp the mind 
and are a hindrance to originality of thought, and also 
that they do not test the most important qualities which 
go to make a man; but these objections would onl 
apply to severe examinations. Now, the system 
would propose is this. Let no man be admitted as a 
member of the Institution without a diploma or certifi- 
cate. This diploma to be dialed by passing a 
moderately stiff examination at any period up to twenty- 
five years of age. This would ensure that every man 
started in his profession while he was young. And as 
I said before, a man cannot well pass his whole life in a 
profession without knowing something of its practice.* 

Any remedy which is applied must necessarily take 
time to operate fully. Rome was not built in a day; 
and we must make a beginning. 

The greatest security an engineer now has against 
quackery is to become a member of the Institution. 
None are genuine unless signed with our seal and label 
M. Inst. C.E. But a man cannot usually attain this 
honour until he has made his reputation in some 
measure and is considerably advanced in years. But 
we want something to teach the juniors of the profes- 
sion that they are units of a body which has a reputa- 
tion to sustain, and which can boast of such ancestors 
as Telford, Rennie, Stephenson, and Brunel.— 
Yours, &e., JUSTITIA. 








EnGinE Hous on THE BALTIMORE AND Onto Rartway. 
—In the course of a recent article on “ Railway Buildings,” we 
alluded to an engine house having a roof supported by central 
columns which had been constructed in America. This engine 
house is erected at Piedmont on the Baltimore and Ohio Railway, 
and is 150 ft. in diameter. The roof is covered with sheet iron, 
resting on light wooden rafters, and it is carried by leaning 
columns resting on stone pedestals, and running up to the 
central Jantern. The walls are of brick, with stone foundations, 
and, as they have not to support the roof, they are made very 
light. The whole cost of the house was about 2600/., the ex- 
pense of erection being increased through ‘the work having been 
carried on during the winter. 








* I do not mean it to be understood by this that the holder 
of such certificate will necessarily be admitted into the Institu- 
tion; but only that the acqairement of such certificate is a 
condition necessary to liis entrance, for we all know the qualiti- 





Works they may be engaged on will probably cost them 





cations which admit a man to be a member of the Institution. 





BLAST FURNACES. 

Tue ironmasters of the Cleveland district have ac- 
quired a certain fame for their spirit and enterprise in 
economising labour and materials by the outlay of 
capital. Nowhere, perhaps, are furnaces working’ so 
economically, considering the quality of the ore or 
mine, as the larger furnaces in and about Middles- 
borough and Stockton. The consumption of coke to 
a ton of pig has been brought down to 26 ewt., and in 
some cases, we believe to less, and the furnace 
work is cheapened by every possible means. The 
great hardness of the Durham coke permits of carry- 
ing a high column of materials in the furnace, and 
although 60 ft. was not long ago thought high, the 
Cleveland ironmasters have accustomed us to heights 
of 75 ft. and 90 ft., and now a number of furnaces are 
to be erected in and around Stockton of a height of 
101 ft., and of an internal capacity of nearly 26,000 
cubic feet. With these great heights, the utmost 
amount of heat that it is possible to get from the coke 
in smelting is taken up by the ore, and what escapes is 
turned to account for heating the blast. The heating 
of the blast is now carried, too, to a point far beyond 
what the late Mr. Neilson could have anticipated, and 
it is — that from 1000° to 1300° will become the 
usual temperature at which the Durham furnaces will 
be blown. It is expected, too, that the cost of work- 
ing will be femngnell Ge taking the materials direct to 
the top of the furnaces by locomotive power, as Mr. 
Barningham proposes to do, although, to reach a height 
of 80 ft. to 100 ft., an incline at least a quarter of 
mile long would be necessary, and its cost, as ¢ 
viaduct, would be considerable. With a line of from 
six to ten furnaces, however, to charge, requiring, 
perhaps, 10,000 or 15,000 tons of materials weekly, a 
saving of even a penny per ton in charging would 
amount to from 20002. to 3000/. per annum. 

It is evident, from the rapid increase of the Cleve- 
land iron trade, and the means contemplated to cheapen 
the carriage of iron from Durham to Lancashire, and 
to the Thames, that the Welsh and Scotch ironmasters 
will be compelled to alter their furnaces, and their 
mode of working them, in order to meet the competi- 
tion. Even in Durham, the masters no sooner blow 
out a furnace, than they set to work to enlarge it. 
Messrs. Bolekow, Vaughan, and Co., have just blown 
out nine furnaces at Eston, in consequence of a strike 
on-the part of the men, and it is announced that if they 
do not return within a short time, all the furnaces will 
be at once altered and enlarged. Such alterations must 
yet, we think, take place in every iron district in the 
cingdom. We believe that a comparison of the work- 
ing of some of the most economical of the furnaces in 
Durham, with the general practice elsewhere, would 
show that two or three millions of tons of coke are wasted 
annually in the iron manufacture of this country. In 
looking at the matter in this light, it is — to see that 
it is not merely the competition of one district with 
another that is to be considered, but still more our 
national position in respect of the iron trade with other 
countries. The lessons which the practice of the 
Cleveland district now affords will not, we believe, be 
lost. upon the ironmasters of Wales, Staffordshire, and 
Lanarkshire, 
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Tue Turret Suips.—For some years we have heard of Mr. 
Robert Humble, of Hartlepool, as one having claims to the in- 
vention of turret ships. He lately gave a public lecture at West 
Harflepool, in which he claimed to be the inventor of the 
“revolving turret.” He stated that there were no less than 
four individuals laying ‘claim to the invention, namely, Charles 
Wentworth Forbes, Captain Ericsson, of America, ~~ Cowper 
Coles, R.N., and himself; and it was with the view of establish- 
ing his own reputation in public estimation, as the sole inventor, 
that he appeared in the capacity of a lecturer. As illustrations 
he exhibited various diagrams, and a model of the invention, 
which was represented as a capacious platform, so constructed 
as to admit of its turning round in any direction horizontally, so 
as to present the cannon, which bore upon its upper surface, to 
any quarter. This would be placed in the body of a man-of- 
war, where it would be made to revolve, and to aim the fire at 
any given point. Mr. Humble read a lengthy correspondence 
between himself and his rival competitors and the Government, 
which appeared at the time (some ten or twelve years ago) in 
the pubs journals. He conceived the idea in 1854, while a 
servant of the Hartlepool Port and Pier Commissioners, at the 
time of the attack on Sebastopol, and maintained that none but 
himself should have the credit. 

Screw Proretiers.—Mr. Jeffrey, of Messrs. Richardson, 
Denton, Duck, and Co’s. works at Hartlepool, forms the 
blades of his propellers of wrought iron, fastening them to a 
central boss of cast iron. In a steamer recently sent out from 
the works of the above named firm, the propeller was encircled 
by two hoops of wrought iron to prevent its being fouled by 
ropes or drifting timber. The engines of this steamer of 70 
nominal horse worked up to 390 indicated, The principal di- 
mensions of the vessel are: length, 177 ft. 6 in.; breadth, 26 ft., 
and depth, 13 ft. 6in. She is of 515 tons burden, 
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GAS-HOLDER AT THE CHARTERED GAS-WORKS. : 


(For Description, see Next Page). 


FIG. 1 
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THE NEW GAS-HOLDER AT PIMLICO. 


Tue gas-holder which forms the subject of our illustrations is 
one now being erected in connexion with the works of the 
Chartered Gas Company at Horseferry-road. At these works 
there are 490 double-ended retorts 18 ft. and 20 ft. in length, 
arranged in 49 stacks of 10 retorts each. Of these retorts forty 
are of iron, and are worked with boghead coal, the remainder 
being of fireclay. The 20 ft. retorts are worked with 3 cwt., 
and the 18 ft. retorts with 24 cwt. charges, those used with 
ordinary coal being charged every six, and those worked with 
boghead coal every four hours. The ordinary coal yields 9500 
cubic feet, and the boghead coal 13,000 cubic feet of gas. per 
ton; the gas from the boghead coal having an illuminating 
power of 40 candles, which is diminished by mixture with 
ordinary gas to an illuminating power of 25 candles. ‘The sperm 
candles used for testing the illuminating power burn at the rate 
of 120 grains per hour, and are compared with a gas jet using 
5 cubic feet of gas in the same time. 

From the retorts the gas passes to the condensers, and thence 
to the exhausters. ‘There are six of Beale’s exhausters, two 
being used entirely for the cannel gas; they are each capable of 
passing 60,000 cubic feet per hour, and they maintain a vacuum 
in the mains leading to them of from 1 in. to 1} in. of water. 
From the exhausters the gas is led to the scrubbers, which are 
18 {t. in diameter, and 20 ft. high; they are filled with coke to 
within 4 ft. of the bottom. It then passes to the purifiers, 
of which there are five sets, with four tanks each; the tanks 
each contain three shelves, covered with layers of powdered 
bog ore. The gas enters the purifiers at a pressure of 24 in. of 
water, and leaves them at « pressure of 8 in. It is then led to 
the gas-holders, 

A large telescopic gas-holder was erected at the Horseferry- 
road works about tweive months ago; of this the outside 
holder is 200 ft. and the inside holder 198 ft. in diameter. ‘The 
thickness of the plates forming the top is, for the first row from 
the curb, } in. ; the second row is } in., and the remaining plates, 
except near the centre, are } in. thick. The centre plate is $in. 
thick, and the two rows next it 4 in. and Zin. thick respectively. 
‘The side plates are ,°; in. thick next the curbs and cups, and } iu. 
thick at the other parts. The pressure caused by the two lifts 
is equal to about 6 in. of water. This holder contains 1,500,000 
cubic feet of gas, and cost 31,0002. 

The gas-holder which forms the especial subject of the present 
notice is a telescopic one, the lower lift being 168 ft., and the upper 
one 166 ft. in diameter, the heights of the two portions being 
25 ft. 3 in., and 25 ft. 9 in. respectively. A plan of the holder 
and tank is shown by Fig. 1, and a vertical section by Fig. 2 of 
the accompanying illustrations. The holder is made with a 
box girder running around the corner formed by the junction of 
the, top and: sides,!a plan of strengthening which we believe 
was first adopted by Mr. L. W. Pritchard, of the Western Gas- 
works, Kensal Green, in a holder erected by him about seven 
years ago. An enlarged section of the box girder is shown by 
Fig 7.; it is 3 ft. wide by 2 ft. high inside, and is composed 
of fin. plates with corner angle ‘irons 44 x 44 x 4. From 
the lower inner corner of the box girder struts of T iron 
4in. X 4 in. X}in. are carried to the stiffening tubes fixed on 
the side of the gas-holder ; and ties 4 in. x 1 in, are also carried 
from the same corner of the box girder to the top of the holder ; 
the arrangement of these struts and ties is shown by Fig. 2. 

The top of the holder is made flat, and is composed of plates 
varying in thickness as follows; the ring of plates next the box 
girder is 4 in. thick. the next ring } in. thick, and the remain- 
ing rings to nearly the centre of the top Lin. thick. There are 
also 24 strips 2 ft. wide and 2 in. thick, extending from the box 
girder nearly to the centre. At the centre of the top isa 
tiv, plate about 4 ft. 6 in. in diameter, and around this is a 
ring of } in., and another of 3 in. plates, these latter joining 
the 4 in. plates, of which, as we have already stated, the prin- 
cipal part of the top of the holder is formed. Painted tape was 
interposed between the plates at the joints. The manhole is 
formed in the side of the lower holder, near the point where the 
inlet and outlet mains are placed. 

The sides of the inner holder are stiffened by tubes of a f) section, 
and those of the outer holder by ribs of Tiron rivetted to them. A 
section of one of the (| shaped tubes is given in Fig. 5; they are 
12 in. wide by 12 in. deep, and are made of } in. plate secured to 
the sides of the holder by 4in. angle iron. They are placed 
inside the holder, as shown by Fig. 2. ‘The stiffening of the 
outer or lower part of the holder consists, as we have already 
stated, of I irons; a section of these is given in Fig. 9. -The 
ribs inside the gus-holder are 34 in. deep, with flanges 3 in. wide, 
Tivetted to the side of the holder, and heads 2in. wide. The 
outside ribs are 12in. deep, the width of the flanges being the 
same as those of the inside ribs. ‘The web of the ribs is Zin. 
thick, and the plates of the gas-holder to which they are rivetted 
are made $ in. thick. The lower curb of tlie outside holder is nade, 
4 shown in Fig. 6, of four rings of 8 in. by 4in, plates placed in 
en Yin. apart vertically. These rings are attached to the 
volder by 43 in. x 4} in. anyle iron, and between them are fixed 
“ast-irou brackets carrying the pulleys, 7 in. in diameter, by which 
the lower part of the outer holder is guided. 

Mh “stip” at the top of the outer holder is shown in section 
forme - It is 8 in. wide and 1 ft. 3 in. deep, the top being 
side ~ae angle iron 8 in. x 3 in. x §in., and the inner 
ies vt P ets in. deep, 3 in. thick, stiffened at its lower edge 
of th rip of 14 in, half round iron, The “cup” at the bottom 
bein ~ — gas-holder is also 1 ft. 3 in. deep, and 8 in. wide, it 
the 5 Pre € of angle iron and plates of the same dimensions as 
cose erming the grip above described. The cup is shown in 
Section by Fig. 6. 

ein ie both the inner and outer gas-holders are each 
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iron, and are of an I section (as shown by Fig. 13) 12 in. deep; 
they are bolted to the columns. Each of the columns is made 
in five lengths, the base and capital being made in one piece each, 
and the intermediate part, or proper, in three portions. 
The pieces are bolted together by means of internal flanges, as 
shown on Fig. 13. The bases of the columns rest upon blocks 
of stone 5 ft. 3 in. square, and 2 ft. thick, and these are placed 
upon piers of brickwork 6 ft. square. The arrangement is shown 
by Fig. 3. The tops of the col are ted by wrought- 
iron lattice girders, a part elevation of one of which is given in 
Fig. 10, whilst Fig. 11 is a vertical section, and Fig. 12 shows 
the manner in which they are connected at the heads of the 
columns. These lattice girders are 3 ft. 2 in. deep, and have top 
and bottom flanges 10 in. wide and 4 in. thick. ‘The lattice bars 
are 4in. x }in., and they are connected to the flanges by 
4} in. x 4} in. angle irons. ‘The intersection of the lattice 
bars is covered by a cast-iron ornament as shown in the elevation 
and section of the girder. 

When the gas-holder is empty, the top rests upon a series of 
radial timbers, 12 in. x 6 in., arranged as shown in Figs. 1 and 2. 
These timbers rest at their inner ends upon a circular brick 
pier, the remaining portion of them is supported by timber pillars, 
Yin. x Yin. The radial timbers are braced together, as shown 
in the plan Fig. 1, and the lower ends of the pillars rest in 
cast-iron sockets, shown in Figs. 2 and 4, ‘These sockets have 
bases 2 ft. square, and rest upon, and are bolted to, the plates of 
the tank, brick piers 2 ft. 6 in. square, and 2 ft. 6 in. deep, being 
placed underneath them, as shown by Fig. 2. 

The arrangement of the inlet and outlet mains is shown in the 
section, Fig. 3, and the plan, Fig. 14. From these it will be seen 
that the mains, which are 2 ft. in diameter, are carried down a 
shaft of brickwork 10 ft. diameter inside, and thence through a 
short tunnel to within the annular tank. They are then carried 
up to the level of the top of the sides of the tank. ; 

The tank, a section of which is shown by Fig. 2, is 170 ft. in 
diameter, and 25 ft. deep; the plates of which it is composed 
being $ in. thick at the top, ae Zin. thick at the bottom. . Of 
the whole depth 12 ft. are below the surface of the ground and 
13 ft. above that level. ‘That portion of the tank which is below 
the ground level is of an annular form, a cylindrical mass of earth, 
160 ft. in diameter, being left unexcavated in the centre. The 
whole of the tank, both bottom and sides, is formed of iron plates, 
these being strengthened by ribs of plate and angle iron 12 in. 
deep, placed on the outside. ‘The upper edge or curb of the tank 
is also stiffened by a ring of 6} in. x 44in. angle iron. The tank 
eae where they are beneath the ground level, are backed by a 
ayer of concrete 1 ft. Gin. thick, and in addition to this, the 
top of the central cylinder is paved with bricks under the tank 
plates. This plan of forming the greater part of the tank above 
the surface level was adopted on account of the badness of the 
ground where it was erected. When the gas-holder is at work 
the tank is filled with water to within about 4 in. of the top. 
The cost of the bolder was 25,000/., and its contents are 1,000,000 
cubic feet. 














TESTING ELECTRICAL INSULATORS. 


Tne terms conductor and insulator are really only 
comparative ones—a conducting material being one 
which insulates badly, and an insulating material one 
which offers considerable resistance to the passage of 
a curreut. A good insulator placed around a conduc- 
tor prevents any great proportion of the current pass- 
ing along the latter from being diverted to the earth 
or water which may be near the conductor. As stated 
by Mr. Jenkin in the course of his fourth Cantor 
lecture, to which we have already alluded in another 
article in the present number; “ the insulator acts the 
“ part of a pipe containing the current; the copper 
“ acts more nearly the part of the vacant space, allowing 
“ the current to pass, and retarding it only by friction.” 
Respecting the testing of an insulating material, he says : 

The simplest test of the soundness of the insulator is to con- 
nect one end of the conductor A (Fig. 1) with one pole of a 
battery, Z, the other pole of which is joined to the water sur- 
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rounding the insulated wire in the tank T (Fig. 1). Ifa 
galvanometer, G, be placed between the battery and the con- 
ductor, and the other end of the conductor insulated, any 
current producing a deflection in the galvanometer must pass 
through the sheath from the copper to the water ; such a current 
is often called a leakage. With a battery of known strength, 
and a galvanometer with which the observer is already well 
acquainted, the greater or less deflection of the galvanometer 
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ards at their upper end, ‘They are of cast 





needle will often be sufficient to show whether this leakage is 
So excessive as to indicate a flaw in the insulator connecting the 


water and the copper. This was the earliest insulation test, 
but it is clearly far from giving a measurement of the accurate 
kind which has been described for conductors. No two galva- 
nometers are alike, nor is any one instrument constant in its 
indications; moreover an instrument of suitable delicacy for one 
length of insulated wire is unsuitable for another; the test is, 
therefore, a very rude and imperfect one, but a slight modifica- 
tion allows us to use it for the purpose of expressing with some 
accuracy the resistance of the insulator in the same units as 
those used for the conductor. Immediately after observing the 
deflection with the connexions in Fig. 1, remove the insulated 
wire A B, and join the galvanometer and battery, as in Fig. 2, 
inserting « set of resistance coils at R, and joining ab by a short 
coil S, with a resistance bearing a certain definite ratio to that 
of the galvanometer, for instance, with 5},th part of that resis- 
tance. The current from the battery will, at a and b, divide 
itself between the two branches § and G, in the ratio of 999 to 
1; now adjust the resistance coils R until the same deflection 
be obtained as before, then, if we call x the whole resistance of 
the circuit when connected as in Fig, 2, the resistance of the 
circuit in Fig. 1, which is sensibly equal to that of the insulating 
sheath, will be 1000 a, since the current in the first case must 
have been 1000 times less than in the second case, when only 
youoth part of the current flowed through the galvanometer. 
It will be obvious that we might use for the first connexion a 
battery of 100 times greater electromotive force than is used in 
the second case; then the resistance of the insulator would be 
100,000 x. In many cases 2 may be taken as equal to R, 
neglecting the other parts of the circuit. This can always be safely 
done if R be large, S very small, and KZ be a single large cell; 
but it is not difficult to calculate the whole resistance z, when 
the above conditions cannot be obtained. ‘The resistance 
between a and b is made up of two wires joined in what is 
called multiple arc: call § the one resistance, G the other, 
then the resistance of the two is 1 1 

~ oS 

G 5S 
obtain the total resistance of the circuit, add the resistance 
of the battery and the resistance R. It will be further obvious 
that the resistance R need not be adjusted so as to give exactly 
the deflection obtained with the connexion in Fig. 1. If any 
convenient deflection be observed with a given resistance R,, 
the resistance R is given by simple proportion. Moreover, it 1s 
unnecessary to repeat the test of Fig. 2 every time an insulation 
test is made; we may often assume that unless some accident 
has happened to the instrument it will remain constant for some 
hours; in that case, having found the resistance which corres- 
ponds to one deflection (Fig. 1), the resistance corresponding 
to other deflections results from a simple proportion. It is 
assumed, of course, that a galvanometer is used in which the 
deflections are proportional to the magnitude of the current, as is 
the case with reflecting galvanometers. In making the test 
(Fig. 1) care must be taken to prevent the first shock of the 
current from passing through the galvanometer ; for this pur- 
pose aconnexion of very small resistance may be placed, as at 
o. This connexion must be broken immediately after the 
battery has been applied. The reason why this precaution is 
necessary will be mentioned in the next lecture. An astatic 
reflecting galvanometer, with coils round both magnets, of the 
form designed by Professor Thomson, and with long fine wire, 
will be found well adapted for this test ; to insure accuracy, care 
must be taken to make the coil §, frequently called a shunt, of 
thick wire, and of such form as not easily to be heated, to 
maintain this strand as nearly at the same temperature as the 
galvanometer coil as may be, to let the battery remain in cir- 
cuit as short a time as possible ; to let the insulated coil remain 
in the water for such a time as may insure its being at a known 
temperature throughout, to practise extreme cleanliness in the 
keys used, to cut the ends of the wires tested to avoid loss by 
surface conduction. When these and other precautions have 
been taken, tolerably uniform results can be obtained, but they 
do not approach in accuracy those obtained in measuring con- 
ductors. For instance, the accuracy cannot be greater than 
that with which a deflection can be observed, or say one part in 
200. In long cables the resistance across the insulator can be 
measured with the Wheatstone balance, by using the insulator 
as one of the four conductors ABC or D (Fig. 3 in the article 
on Electrical Tests, page 130 of the present number). It will be 
seen that as the length of an insulated wire increases, the 
resistance to conduction across the insulator decreases, for 
there is continually a larger and larger area of material to 
conduct the current, and the distance across the insulator from 
the copper to the water remains thesame. Thus, the insulating 
sheath of 1000 miles of Malta-Alexandria cable is nearly equal 
in conducting power (or resistance) to a sheet of gutta percha 
one acre in area and one-tenth of an inch in thickness, separating 
a copper plate from a sheet of water. The resistance at 24° 
C of this insulating sheet of enormous section and very small 
thickness would be about 115,000 BA units, the resistance of 
24° C of the long copper conductor would be about 3490 BA 
units. These resistauces are not so dissimilar as to be incompar- 
able even directly by the Wheatstone balance ; resistance coils of 
German silver of 10,000 units, or even 100,000 units, nearly 
equal to the above insulation resistance, as it is sometimes 
called, are not uncommon. It will now be seen how it is that 
bodies of which the specific properties differ so enormously as 
copper and gutta percha, can yet be directly compared. ‘The 
specific resistance of insulators can be given, just as the specitic 
resistance of conductors has been given, but it is customary to 
use a different definition, and call the specific resistance of an in- 
sulator the resistunce of a foot cube electrified on the two opposite 
faces. ‘Table 1V. gives the resistance of the gutta percha of the 
most important cables per knot, and their specific resistance as 
above defined. ‘The following equation allows the resistance R 
of a core of known dimensions to be calculated from its specific 
resistance S:— 
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of the insulator to that of the conductor; m= 3.1416, and 
L = the length of the core in feet. To convert the specific 
resistance, as above defined, into that of a wire or rod one foot 
long, weighing one grain, the figures given in the table for 
gatta percha must be multiplied by about 443,000. The fashion 
observed of writing 10**, or ten at the power twelve, simply 
means ‘that the number given must be multiplied by 
1,000,000,000,000, or by 1 followed by twelve zeros. This 
plan of writing large numbers saves space, and is convenient in 
multiplication for those acquainted with the simpler properties of 
exponents. Hitherto that quality only has been spoken of in 
which insulators resemble conductors, viz., that of possessing a 
measurable resistance, but there are marked differences in the 
behaviour of an insulator and a conductor when a current is 
passing through them. The resistance of the conductor, if pre- 
vented from heating, remains perfectly constant; but the resis- 
tance of an insulator is apparently much greater during the 
second minute after the battery is applied than during the first ; 
it increases again, but not so much, during the third minute, 
and continues to increase by smaller and smaller amounts 
for at least half an hour. It will be shown in the final lecture 
that this apparant change of resistance is probably due to a kind 
of absorption; but, whatever be the cause of the phenomenon, 
it entails great inconvenience in testing. When the current is 
reversed, the apparent resistance falls as low as ever, or lower, 
and then again increases for half an hour. To meet this 
continual change, due to what is called electrification, tests are 
always made at definite times, generally one minute after the 
battery has been applied; but even with this precaution the 
residual effects of previous electrification are often embarrassing. 
All insulating substances, except air, present the same phe- 
nomenon, but in a greater or less degree. It is very santa, 
frequently producing a change of 50 per cent. in the apparent 
resistance of gutta percha, and its effect is greater in cables 
which are thickly covered with the insulator. Neither pressure 
nor change of temperature greatly affect the proportionate 
effect of electrification. With Mr. Hooper’s material, as supplied 
to the Indian Government, the change produced is extraordinary ; 
at the end of ten minutes the resistance seemed to have increased 
nearly fourfold, and the end of about 19 hours the resistance 
was 23 times greater than at the end of one minute.* This 
singular property of insulators is one of the chief difficulties to 
be met in any attempt to obtain strictly accurate measurements. 
A change of temperature also causes a much greater altera- 
tion in insulators than in conductors; and a rise of temperature 
causes a fall in resistance instead of an increase; thus the 
specitic resistance of gutta percha is about 20 times as great at 
freezing point as at 24° centigrade. Gutta percha, as now 
supplied, behaves very uniformly in this respect, as is shown by 
the independent experiments of Mr, Siemens, Messrs, Bright 
and Clark, and the lecturer. The following equation, due to 
Messrs. Bright and Clark, will allow the resistance R of any 
core at a temperature T+¢ (in degrees centigrade) to be 
calculated from the resistance 7 at T° centigrade. 
(6.) R=rx 0.8878¢. 

The number 0.8878 is not quite constant, but seems to vary 
between that figure and 0.9. The effect of temperature on 
india rubber is not nearly so great, but the lecturer is not in 
wossession of experiments, the whole circumstances of which, 
including the preparation of the india rubber, are known to him, 
and he prefers not. to give results which might be misapplied and 
mislead. Pressure improves the insulation resistance of gutta 
percha 2.3 per cent. for each 1001b. per square inch, according 
to experiments on the Malta-Alexandria cable, and 2.6 per cent. 
according to experiments on the Persian Gulf cable. Whenit is 
remembered that the pressure in 2000 fathoms is about two tons 
per square inch, it will be seen that the improvement due to this 
cause is not to be despised. India rubber behaves differently. 
Mr. Siemens published some curious experiments in the British 
Association report for 1863, showing that pure india rubber 
slightly fell off in resistance as the pressure increased. No sen- 
sible effect on the resistance of gutta percha has yet been ob- 
served, due to the absorption of water. The object of the tests 
described is first to ensure the use of a proper material, the 
quality of which may be specified in the contract ; secondly, to de- 
tect any serious flaw in the outer coating, which would at once be 
shown by the diminution it would cause in the resistance. The 
more accurately the resistance of the insulator can be observed 
and calculated, the more certain we can feel of detecting even 
the smallest irregularity. 

Tests on land are generally intended to ascertain the 
quality of the materials employed, whereas those con- 
ducted on shipboard during the laying of a cable 
should be intended for the immediate detection of a 
fault and the determination of its nature and position. 
The motion of a vessel prevents ordinary galvanometers 
from being used at sea, but that known as Professor 
Thomson’s marine galvanometer allows every test that 
has been deseribed to be carried out as accurately on 
board ship as on shore. Mr. Jenkin describes this 
instrument and the methods of testing at sea as 
follows s 

It consists of a very light magnet and mirror, strung on a 
fine tight fibre, and so pert ctly balanced as not to deflect from 
its normal position relatively to the suspending frame and coils, 
however they may be inclined in any direction, A_ powerful 
magnet, in a fixed position relatively to the suspending frame 
and coils, directs the suspended magnet, and overcomes the in- 
fluence of the earth, from which the maguvet is still farther 
screened by a thick hollow iron case, which wholly surrounds 
the coils, except where a glass window allows a ray of light from 
a lamp to enter and return so as to fall upon a scale after re- 
flexion from the mirror. These instruments are made by Mr. 
White, of Glasgow, and Messrs. Elliot, Brothers, of London, and 
sea, which may so 





are now almost exclusively used for tests at 
far be considered as quite unaffected by the direction of the ship 
or its motion. Two disturbing agencies are found in the cur- 
rents induced in the coils of cable as the ship rolls, and the so- 
called earth currents, depending on the different electric poten- 


tial or tension of the earth which may occur between the earth 
- on shore, and the connexion with the sea at the => 
hese disturbances are readily overcome by the use of sufficiently 
strong batteries, so that no details or explanation of their action 
need be given here. It may be granted that on board ship all 
tests can be accurately made, and it only remains to consider 
what system shall be followed toensure immediate detection of 
a rupture in the copper conductor, or an injury to the insulator. 
Hitherto it has been a common practice to arrange a succession 
of tests recurring in a constant order at definite intervals of 
time. During the first twenty minutes of each hour an insula- 
tion test may be used; and the simple test of watching that the 
spot of light in the galvanometer does not quit its proper place 
on the scale as it certainly will do the instant any flaw in the 
insulator allows a connexion between the copper and the water, 
is probably the best as well as the simplest. During the next 
twenty minutes the resistance of the copper may be measured, 
showing that it is unbroken, and indicating the temperature of 
the bottom. During the last twenty minutes speaking instru- 
ments may be connected with the cable, and intelligence given 
and received; then da capo. But this system has great detects. 
We may wish to send or receive intelligence when it is impossi- 
ble to do so; the clerk, or clock, or shore may not keep time 
with the ship, and cause needless alarm or confusion; special 
emergencies may require special tests, and then the routine plan 
either prevents these or causes confusion; but worse, much 
worse than all this, a fatal injury to the insulation may alto- 
gether escape detection during the periods allotted for continuity 
tests and speaking; it may pass over into the sea, and, when 
finally discovered, may be some miles from the ship, It would 
be better to maintain constantly a simple insulation test, and let 
the shore end remain insulated and unwatched. No fault could 
then occur in the insulator without being instantly detected ; 
and even a break in the copper, inside the insulator would be 
shown by a sudden fall in the leakage, owing to the shorter 
length of cable which would then be under the action of the 
test. A simultaneous injury to insulator and conductor would 
be still more obviously indicated; but such a plan as this would 
result in voluntarily throwing away the assistance to be derived 
from intelligent observations on shore, which, it will be seen in 
the next lecture, may give important assistance in determining 
the position of a fault when it does occur. To meet this 
dilemma plans have lately been devised by which an insulation 
test on the ship and a simultaneous insulation test on shore can 
be nearly constantly maintained; speaking can be practised at 
any moment by ship or shore, and even during the transmission 
of messages the insulation test need not be wholly suspended. 
The first of these plans in order of publication, if not of concep- 
tion, is due to Mr. Willoughby Smith. The connexions re- 
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quired are shown in Fig. 3. C Zis the ship battery; Es, the 
ship earth plate, or sea connexion ; G, the marine galvanometer ; 
A B, the cable connected at the shore end with a great resist- 
ance R, equal to say the insulation resistance of four or five 
knots of cable. G, is a very delicate galvanometer on shore, 
placed between the resistance R and the earth plate. When 
these connexions are made, a slight deflection on the ship gal- 
anometer, G, will indicate the normal leakage of current 
through the gutta percha. Almost the full tension of the bat- 
tery will act on R, and cause a feeble current to pass through 
this resistance, causing a moderate deflection on G). This 
feeble current will, of course, add to the leakage indicated by 
G; but if R be equal to the gutta percha of say five knots, and 
A B be 1000 knots long, the leakage through R will only add 
do part to the deflection on G, and this may be neglected. A 
fault of insulation occurring in A B will instantly increase the 
deflection on G, will lower the tension of the battery acting on 
R, and so diminish the deflection on G;. Ship and shore will 
both be advised of the misfortune. A break of continuity in 
the copper of A B, without loss of insulation, will diminish the 
deflection on G, and wholly stop the deflection at G, after a 
little while; thirdly, if the cable breaks altogether, there will be 
a great increase in the deflection of G, and a total cessation of 
all deflections on G:. The shore can, without altering the con- 
nexions, communicate with the ship by making shorter or longer 
contacts between the earth and the cable at O. ‘This will cause 
corresponding deflections on G, but if a resistance be inserted 
between O and the earth, the deflection on G will be small, so 
that any considerable fault of insulation would still show on G, 
by causing a sudden and permanent alteration in the mean de- 
flection even during the signals. The ship can signal to the 
shore by reversing its battery or by simply increasing and 
diminishing its teusion, The insulation test on board would, the 
lecturer presumes, be wanting during these signals. It is to be 
hoped that this or an equivalent system will be adopted in future. 
It gives perfect freedom from routine, and a greatly increased 
chance of detecting any fault the instant it occurs. This is the 
more important, as faults almost always do occur on board ship, 
and either in the top flake of the coils or in the machinery. 


THE BALANCED RUDDER. 
Ir has been often wondered why the balanced 
rudder, known in the last century, and in use at least 


practice of shipbuilders. 
us in the Bellerophon, and in many of the American 


and supposed to have failed in the Great Britain,” but 


forty years ago, was not permanently adopted in thie 
lt is being employed now, 


Monitors, and, from all we can hear, with good results. 
As we remarked in our first number, it “ was tried 


Captain Claxton, in a letter which appeared in our 
columns last week, states that the balanced rudder 
worked admirably, and he even goes so far as to quote 


Great Britain to the effect that ““ ENGINEERING is whol] 
wrong,” &c., whereas ENGINEERING was, as usual, 
wholly right. The use of the balanced rudder in the 
Great Britain was a fact, and the general supposition 
that it was a failure was equally a fact. It is only this 
general supposition, and nothing that we have said 
that can be corrected by Captain Claxton’s letter, 
We need not add that the balanced rudder can hardly 
be considered as an “emanation from the brain” of 
the late Mr. Brunel, as Captain Claxton would make 
out. It was patented by Earl Stanhope in the year 
1790, and is illustrated in three figures of the drawings 
attached to his specification. Lord Stanhope termed 
his invention an “equipollent rudder.” It has been 
often repatented since. As long ago as 1820, Mr, 
Thomas Ditchburn, then a youth, saw a balanced 
rudder tried at Chatham, in the presence of Sir Robert 
Seppings, but that eminent naval architect thought it 
too delicate an instrument to be introduced into the 
navy. Mr. Ditchburn, who had also seen the balanced 
rudder adopted in merchant vessels, thirty years ago, 
employed it himself, and with success. Unluckily 
no one has made public a drawing of the balanced 
rudder of the Great Britain, nor does even Captain 
Claxton inform us whether it was really a balanced 
rudder or only a differential rudder, having its fore 
yart one-half or two-thirds as large as its after part. 
With an evenly balanced rudder, the screw acts too 
much upon its fore part, and, indeed, in a fast steainer, 
the ety although it can be easily put over, tends 
to stay over, and even to turn across the wake of the 
ship. The whole subject of balanced rudders was very 
thoroughly discussed at the meeting of the Institution 
of Naval Architects, in March, 1863, on the occasion 
of the reading of Mr. Barnaby’s paper on “ The Steer. 
ing of Ships.” We cannot pretend to know whether 
it was from what came out in that discussion that Mr. 
Reed ventured to adopt the differential rudder in the 
Bellerophon. The Winans yacht, we may add, has 
differential rudders, near the bow and stern, the propor- 
tion of the after part to the fore part being as in 
the case of the Bellerophon as 2 to 1. The rudders 
of the Ross Winans are both steered by means 
of one wheel. The merits of differential rudders 
are not yet conclusively settled, and as for evenly 
balanced rudders, it would appear that they are unsafe, 
however easy it may be to put them over. More than 
one shipbuilder has stated, too, that all forms of 
eae rudders have been found to stop the ship’s 
way. We have made some remarks upon another 
page, in connexion with the steering of ships, and 
which follow up a line of inquiry opened by the subject 
of balanced salto. 








Tue Iron-cLap FLest.—In presenting the Navy estimates 
to the House of Commons, Lord Clarence Paget said that 
“with reference to the present condition of our iron-clad fleet, 
I am happy to inform the House that on the 1st of April 
next, thirty armour ships will be afloat, and one more will be 
being built. There are several that we do not consider sea- 
going ships, and I shall be able to show hereafter what we 
think a sea-going ship ought to be. Well, what are we 
now going to build? We are going to construct a sea- 
going cruising turret ship to be culled the Monarch. I 
do not see the honourable member for Birkenhead (Mr. 
Laird) in his place. But our views of the proper size 
of a sea-going ship and his somewhat differ. After going 
very carefully into this question, and studying the *) ness 
of the plates, the thickness of the backing, what the eight 
should be out of the water, the speed, and the offensive and de- 
fensive power of this ship, we have come to the conclusion that 
the least tonnage we can give to a two-turretted ship, carrying 
four guns, is 5099 tons. ‘The turrets are prepared to carry # 
22-ton gun, but the ship is a little in advance of the gun, for 
it is not yet settled whether the guns can be made. The 
Committee are aware that there exists a gun of 22 tons 
that has been tried at Shoeburyness, and our artillerists a 
that they can construct guns of that calibre. Whether they wil 
succeed or not I do not know, but we must provide for guns o 
that weight, and if they fail we can easily carry guns of a smalle 
calibre. The greatest thickness of the armour-plating ™” 
be 7in., and there would be two more skins of three-quarters ¢ 
an inch each. She will also have 8in. of iron round her, = 
a backing of 12in. She will be 1100 horse power, and bares 
speed of 14 knots an hour. She will carry four guns 
turrets, and two 100-pounders—one in the bow and one 1 a 
stern. The other ship which is going to be commenced, - 
frames are already prepared, is the Hercules, a sister oat 
Bellerophon. I described this vessel very minutely when - 
Estimates were before the Committee last year, and I will a 
further advert to her here. That will make thirty-three —_ 
plated ships that will be built or in course of construction es 
the year. I'he other operations we propose will be found — “a 
head of the ‘ Programme of Works,’ in page 147. We prop” 
to build two enlarged vessels of the Amazon class, not — 
plated, but carrying four heavy guns and having @ speed odd 
knots, and one or two smaller vessels. That will be building 
tion to two Amazons already built and four that are 0! The 
besides one small vessel building with a double screw. pn 
result is that we propose to construct during the cussing J i 
1866-7, 15,907 tons, or, in round numbers, 16,000 to 








* This information was kindly supplied by Mr. Laws. 





from a recent note from the former captain of the 


shipping.” 





oe ee “ee oo ie ie 











Marcu 2, 1866.| 


ENGINEERING. 





135 _ 








BEARING SPRINGS. 

We have already explained in a recent article* the 
mamier in which a spring interposed between a body 
inflicting and one receiving a blow, modifies the in- 
tensity of the shock experienced by the latter. In the 
same manner, the bearing springs of rolling stock 
modify or, as it were, partly absorb, the blows which 
the vehicle to which they are applied would otherwise 
receive from the inequalities of the road. When one 
of the wheels of a vehicle without springs passes over 
an obstacle on the rails, the whole weight resting upon 
that wheel has to be raised to the height of the obstacle, 
during the time which elapses between the wheel first 
coming in contact with the inequality and its centre 
arriving directly over it. The greater the diameter of 
the wheel the less suddenly is it lifted over the obstacle, 
thus—supposing the latter to be $ in. high, a wheel 6 ft. 
in diameter will have to move forward nearly 6 in. 
between the time that it first comes in contact with the 
obstacle and the moment when its centre arrives 
directly over it. In the case of a wheel 3 ft. in dia- 
meter, the distance traversed will be rather less than 

Jin., and, supposing the forward movement to take 
place at the same rate in both instance, the 3 ft. wheel 
and the weight upon it will have to be lifted in about 
two-thirds of the time allowed for raising the 6 ft. 
wheel. ‘The suddenness with which the wheel has to 
be lifted is also affected by the height of the obstacle ; 
the higher it is, the less being the proportionate time 
allowed for surmounting it. Thus, if the height of 
the inequality is 1 in.,a 3 ft. wheel will only move for- 
ward about 53 in. whilst it is mounting upon it, 
against 44in. in the case of the 4 in. obstacle. We 
thus see that the size of the wheels exercises an impor- 
tant influence on the shocks received by the vehicle to 
which they belong. 

When a vehicle is fitted with bearing springs, these 
are deflected when the wheels pass over an inequality, 
and consequently the whole weight resting on the 
wheels is not lifted at once. For example, let us take 
the case of a wheel loaded with a weight of four tons 
passing over an obstacle } in. high, and for the sake of 
simplicity we will suppose the wheel to be without 
weight. In sucha case, if the vehicle to which the 
wheel belongs is not fitted with springs, the whole 
weight of four tons will have to be raised during the 
time that the wheel is mounting the obstacle; if, on 
the other hand, a spring which deflects 1 in. per ton of 
load is interposed between the weight of four tons and 
the wheel, all that it is absolutely necessary to do is to 
deflect this spring } in. while the wheel is passing over 
the inequality. As the spring deflects 1 in. per ton, its 
maximum resistance when deflected }in., will be half a 
ton, and its average resistance, or the weight lifted 4 in., 
will only be a quarter of a ton against four tons when no 
springs were used. We have in the above example sup- 
posed the obstacle to be of short length, so that the wheel 
would pass quickly over it, and return almost imme- 
diately to its original level. Most frequently, how- 
ever, the inequalities upon which railway wheels have 
to mount are such as are caused by successive rails 
being at different levels, and in these cases the wheels 
continue raised for some considerable time, and the 
springs, which are compressed when the wheels first 
mount the inequality, relieve themselves by raising the 
weight upon them. In such cases, therefore, the 
whole weight upon the wheels has to be lifted from 
the lower to the higher level, as if no springs were 
used; the difference being that, instead of the whole 
weight having to be lifted whilst the wheel is mount- 
ing the inequality, the springs are first compressed, 
and the weight is then raised by these returning to 
their original form. We have hitherto only alluded to 
the action of the springs when the wheels are mount- 
ing from a lower to a higher level; but it is evident 
that they are equally useful when the wheels fall intoa 
depression in the rails. The manner in which they 
act under such circumstances has been described in 
the article to which we have already alluded, so that it 
will be unnecessary to repeat the explanation here. 

[t will be readily understood that, when the wheels 
of a vehicle fitted with springs either mount, or fall 
into an inequality in the road, the change of the load 
irom one level to the other is not effected immediately, 
but that a series of vertical oscillations take place, the 
extent of these oscillations depending on the amount 
of the change of level, and the flexibility of the springs. 
If the change of level oceurred at the same moment on 
both rails the oscillations which we have just mentioned 
would merely communicate a pitching motion to the 
Vehicle, but practically it happens but comparatively 
rarely that this is the case. Generally, the inequalities 
occur at different places on the two rails, and the vertical 
*ENGINEERING, Feb. 2nd, 1865, page 67. 





oscillations of the two sides of the vehicle are therefore 
caused at different times, the consequence being a 
transverse rocking or rolling motion. It is this rock- 
ing motion which more than anything else places a 
limit upon the elasticity which can be given to the bear- 
ing springs of rolling stock. We have already said 
that the extent of the oscillations depends partly upon 
the amount of elasticity possessed by the springs ; their 
power to control the rocking motion is also propor- 
tionate to their distance apart laterally. In cases a 
the bearings are outside the wheels, more flexible springs 
may therefore be employed than when the bearings are 
inside, and, applying the same rule to the controlling 
of the pitching motion, more flexible springs may be 
used for the extreme wheels of a vehicle when the 
principal part of the weight is within the wheel base, 
than when it is overhung to any extent. 

The foregoing considerations show that for different 

yurposes springs of different degrees of clasticity must 
ve employed. Thus, in the case of engine-leading 
springs, which have to receive all the first shocks 
caused by the inequalities of the road, and have also 
to resist the tendency of the engine to rock, produced 
by the alternate pressures of the erossheads upon the 
guide bars, it is found practically that their elasticity 
should not exceed $ in. per ton, and in most cases it 
should be less than this, or about +4 in. per ton. For 
the driving wheels the springs should be more flexible, 
so that the weight upon them may not be greatly 
varied by the inequalities of the road, and the trailing 
springs should also have considerable elasticity, so that 
they may not take too much of the load from the 
driving wheels when the latter fall into a depression. 
Both the driving and trailing springs may have an 
elasticity of from 3? in. to 1 in. per ton. In the case of 
coupled engines the elasticity may be somewhat less, 
particularly if the springs are connected by compen- 
sating beams. We know of many coupled engines 
fitted with compensating beams, and having driving 
and trailing springs deflecting $ in. per ton, which ride 
very easily. When the weight overhangs considerably 
at the trailing end, as in the case of engines having all 
the wheels under the barrel of the boiler, stiff trailing 
springs deflecting only } in. or ,% in. per ton should be 
employed. For passenger carriages, springs having an 
elasticity of from 13 in. to 24 in. per ton are generally 
used, whilst for carriage trucks and horse boxes the 
elasticity may be reduced to about 14 in. per ton. The 
flexibility given to the springs of goods wagons is ex- 
tremely variable ; an elasticity of za gin. or ¥; in. 
per ton, however, gives very good results. The camber 
of bearing springs should not be excessive, but it 
should always be sufficient to prevent a reverse curva- 
ture being given to the spring under the heaviest load 
to which it is likely to be subjected. For engine 
springs, » camber of about one-tenth the span when 
loaded is a very good proportion. Carriage springs are 
"sappy made ‘so that they are nearly straight, or 
iave a camber of about one-thirtieth the span when 
loaded, The more nearly straight « spring is, the less 
is the motion of the plates of which it is composed 
upon each other as the spring plays, and the more 
freely therefore it works; on the other hand, however, 
a spring having considerable camber is increased in 
span as a load is applied, and its flexibility therefore 
increases with the load placed upon it. 

The strength of plate springs increases directly as 
the breadth and number of the plates of which they are 
composed, and as the square of the thickness of those 
plates ; and it decreases as the span increases. The 
elasticity of such springs increases directly as the cube 
of the span, and decreases inversely as the number, 
breadth and cube of the thickness of the plates of 
which they are made. From these facts Mr. D. K. 
Clark composed the following formule, in which 8 = span 
of spring in inches; ~=number of plates; ¢=:thickness 
of plates in sixteenths of an inch; 4=breadth of plates 
in inches; W=working strength of spring in tons; 
and D=deflection per ton of load in sixteenths of an 


inch. The formule are: 
nb t? 
pea rod ed l. 
Ww 11.38 (1.) 
1.66 S* 
= . ete ee 2. 
nb t 2.) 


The constants, 11.3 and 1.66 were derived by Mr. 
Clark from experiments; they give results agreeing 
pretty nearly with general practice, but are, if any- 
thing, rather low. The elasticity of bearing springs 
should always be so proportioned to the weight upon 
them that they cannot escape from their load by the 
wheels to which they belong falling into a depression 
in the rails. ‘To avoid this they should be deflected 








at least # in. by the load placed upon them. 





Of the ordinary steel plate springs used for railway 
vehicles there are several varieties. The eyes at the 
end of the top plate, for the attachment of the spring 
links, are in some cases made by bending coe the 


plate itself, and in others by forging them in 
wrought iron and welding them to the top plate. For 


engine springs, and in all cases where the proportions 
of the springs allow the second plate to be tek round 
to support the eyes, we have found the first variety, or 
springs with rolled eyes, to stand work best; for car- 
riages, however, the second variety, or springs with 
solid eyes, are generally employed. Many engine 
springs were formerly made with a reverse curve, ter- 
minating in a straight piece at each end. The straight 
parts so formed either rested in shoes or were pierced 
for bolts ; the form is altogethera bad one, and is now 
seldom employed. 

The plates of which engine springs are composed 
vary geuerally from 4%; in. to 4 in. in thickness, although 
sometimes thicker plates are used. For leading springs 
having a span of about 2 ft. 6 in., 3 in. plates give 
good results, whilst for driving springs having a longer 
span, $ in. plates work well, and the same thickness of 
plates is applicable to transverse springs. For trailing 
springs (except in the case of coupled engines), 4; in. 
or % in. plates are generally adopted. ‘The thickness 
of the plates employed for any spring is, however, of 
course to be in a great measure regulated according 
to the span. For carriage and wagon springs § in. 
plates are generally used, with the addition sometimes 
of a 4 in. top plate. : 

In determining the shape of a spring care should be 
taken that the centre is made sufficiently strong. Itis 
a very common thing to see springs with a great excess 
of strength about midway between the centre and ends, 
and this fault causes the failure of many springs by 
preventing them from deflecting regularly and throwing 
extra work upon the central part. The bottom plates 
are also frequently made too long. When a spring 
consists of fourteen or fifteen plates, the three top plates 
ought to be carried its whole length, the second and 
third plates being rolled partly over at the ends so as to 
support the eyes formed by the top plate. The length 
of the remaining plates should be so proportioned that, 
when the spring is loaded, the distance which each of the 
plates projects beyond the one below it is a constant 
one. ‘The length of the bottom plate may be made 
equal to the width of the spring box p/us about three 
times the distance just mentioned. When the spring has 
but few plates (say seven or eight), the first and second 
plates only should be carried the full length. ‘To pre- 
vent a sudden change being made in the strength of a 
spring where each plate terminates, the ends are gene- 
rally either tapered in width or thickness ; in the former 
case they are said to be spear-pointed, and in the latter 
to have drawn ends. Whet her the ends are spear- 
pointed or drawn, the tapered portion should, unless 
the spring is composed of very few plates, be nearly, if 
not quite, as long as the projection of one plate beyond 
the other. Mr. Sinclair and Mr. Allan use springs having 
the width gradually decreasing from the centre to the 
ends. ‘These springs work well, but their construction 
is more expensive than that of those of the ordinary 
form. Springs are often much weakened by the bolt 
passing through them and the central spring box. This 
can be avoided to a considerable extent by making the 
bolt of a CD section, about lin. X4in; the shortest 
diameter of course running across the spring. The 
holes for such bolts can be readily cut out by a slotting 
drill. 

The increase in the diameter of locomotive boilers, 
and in the size of the wheels, has rendered it necessary, 
in great numbers of the engines made during the last 
few years, to place the springs below the axles. When 
this is done care should be taken to arrange the spring 
links so that they do not tend to thrust the spring 
out of its place, or apply atwisting strain. It is, how- 
ever, always better to have the springs above the 
axle, and the spring links in tension if possible. In 
some engines with large boilers but small wheels, this 
has been effected by carrying a curved beam across 
from one axle box to the other, its ends upon which 
the springs rest projecting over the wheels. 

InsrituTION OF Civit KNeinecns.—lt has just been an- 
nounced that, from and after the 1st of March next, the library 
of the institution shall, for the present, remain open until ten 
o'clock p.m. every week day. It has also been decided that, 
under such rules and limitations as may from time to time be 
found necessary, tickets of admission to the library, available for 
oP se not exceeding three months, shall be issued to the 
pupils and assistants of the members of all classes, on a written 
application to the secretary from any member, giving the name 
and address of the pupil or assistant, and stating the time for 
which such admission is desired. Every person using the library 
will be required to sign his name in a book, which wil! be pro- 
vided for the purpose. 
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Tue machine which forms the subject of the accompanying 
illustrations, is one made by Messrs. Shepherd, Hill and Co., of 
Leeds, for the Millwall Ironworks. at Millwall, and used 
there for cutting off the ragged end: of armour plates. The 
machine consists of a massive casting 9 ft. long, part of which 


forms a bedplate upon which a headstock carrying the cutting | 


bar &e. traverses. The armour plate to be slotted rests upon a 
table in the front of the machine, this table being capable of 
sliding towards or from the bedplate of the headstock. 


crank pin adjustable in a face wheel as in an ordinary slotting 
machine, the shaft upon which this wheel is fixed being driven 


by « pair of elliptical wheels which give a quick return motion to | 


the tool. The shaft upon which the driving elliptical wheel is 
fixed, carries a spur wheel 2 ft. 8in. in diameter, gearing into a 
inion about 5} in. in diameter fixed on a short shaft near the 
of the headstock. On this shaft is placed a bevel wheel 
which gears into another bevel wheel sliding on a shaft running 
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The | 
cutting bar has an extreme stroke of 12 in.; it is worked by a | 
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| along the back of the machine and carrying the belt pulleys. 
This last mentioned shaft has on the end of it a pinion gearing 
into the cam wheel which works the feed motion. The arrange- 
ment of the latter is shown in the end elevation, a self-acting 
traverse being given to either the headstock or the table upon 
which the armour plate rests, as may be required. The total 
weight of the machine is about 9 tons. 

The armour plates are trimmed up either by commencing at 
the end and cutting away the whole of the rough part, or by 
slotting a straight groove through the plate and leaving the end 
whole. 
| Tae New Sration ar Yorx.—The station which the 
| North-Eastern Railway Company are erecting at York, is esti- 
| mated to cost 200,000/. It was not found practicable to enlarge 
| the existing station without disturbing the city walls, and as 

these were objects of great antiquarian curiosity, it was resolved 
to go outside them. 
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| Tue New Rartway to Bricuron.—The bill for the new 
| line to Brighton passed the second reading on Wednesday evening. 
| SmaLt MArine Encines.—Messrs. Penn are now making, 
| at their works at Greenwich, some very small engines for ships 
| boats. One pair, for driving a single screw, which are being 
fitted to the pinnace of a man-of-war, weigh with the boiler, only 
35 ewt. and are intended to work upto 20 indicated horse power. 
| The cylinders are attached to the end of a plain cylindrical 
boiler, made with a single return flue, and the whole is arranged 
so that by disconnecting the screw shaft from the engines an 
attaching slings to eyes fixed on the boiler, the whole of the 
machinery can be readily lifted out of the boat when required. 
Messrs. Penn have also fitted to 40 ft. launches a number of 
double pairs of engines for driving twin screws. The boilers, 
which are of steel, are in this case of the locomotive class, an 

the cylinders are bolted one pair on each side of the firebox 
casing. ‘The whole arrangement of the engines, which work up 
to 40 indicated horse power, is very compact and convenient. 
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PUBLISHER’S ANNOUNCEMENT. 

The sixteen pages forming the reading matter of this 
journal will, in a short time, be printed upon heavier paper, 
giving more clearness to the type and woodcuts. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 7 y.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING (0 annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

All letters connected with the business department of 
this paper to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, London, W.C. All 
other letters to be addressed, there, “‘ To the Editor.” 








Cheques and money orders to be made payable to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 

No sums of money are to be paid on account of ENGI- 
NEERING except to the written order of the Publisher, Mr. 
Charles Gilbert, no other person having any authority to 
make collections on account of the Proprietor. 


ENGINEERING is registered for transmission abroad. 


Tue Institution or Civ Exaincens.— Tuesday, 6th March, at 
§ v.m., Discussion on * The Hydraulic Lift Graving Dock,” 

Soctery or ENGrneers. —AMonday, 5th March, * On Arched Roofs,” 
by Mr. C. R. Wessely, at 7. 
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GAS MAINS IN SUBWAYS. 

Tur question of the safety of placing gas mains in 
subways is becoming one of great interest, not only to 
cas engineers, and to those engaged in maintaining the 
streets and sewers of towns, but to many engineers in 
other branches of the profession, and to a considerable 
proportion of the general public. Supposing there were 
no danger, the subway system would be attended with 
great public convenience, for instead of tearing up the 
streets whenever a joint in a gas main required to be 
packed, or a service connexion made, the workmen 
would go into a spacious tunnel under the street, 
where the gas‘and water mains and telegraph wires 
would lie in full view. Here the pipes at be in- 
spected, the joints made good, and service connexions 
opened, without inconvenience either to the workmen 
themselves, or to the traffic in the streets overhead. 
The gas and water mains, too, would lie undisturbed by 
the jolting of wagons, the subsidence of the paving, by 
the infiltration of water, &c., and from this cause alone 
it is likely that the leakage would at once be greatly 
lessened. ‘These and other advantages of subways are 
easily understood. The whole case in their favour was 
stated, in a letter in our last number, by one of 
our most eminent gas engineers, and who withheld 
his name only beeause he did not wish, even in appear- 
ance, to commit the great company with which 7 is 
connected. But, on the other hand, the majority of 
gas engineers, so far as they have expressed their 
opinions, consider that great danger mes attend the 
pacing of gas mains in subways. ‘The system has 
een tried in Paris, and there a number of explosions 
have actually taken place, and, upon more than one 
occasion, with fatal results. Three of these explosions 
took place in the gallery of the Rue des Martyrs, two 
others in the court-yard of the Louvre, and one in a 
passage under the arches of the bridge of Austerlitz, 
and by which explosion two workmen were killed. In 
this case the pavement cf the bridge was blown up for 
a length of 200 yards, and other damage to the extent 
of several hundred pounds was done. M. Belgrand, 
who has the charge of the Paris sewers, has expressed 
himself in the strongest terms against the laying of 
gas mains in subways, and he came to London while 
the Subway Bill was before a committee of the House 
of Commons, to give evidence against it. But a 
number of engineers, and among them men of large 
experience, insist that what has happened in Paris need 
not, or, to go further, would not happen here. Mr. 
Bazalgette, the engineer to the Metropolitan Board of 
Works, sees no danger whatever in undermining all 
London with tunnels, or subways, and in carrying 
perhaps 2000 miles of gas mains through them. He 
mentioned the other evening, at the Society of Arts, 
that he had himself lighted the gas in a sub yay, and 
that although his friends believed an explosion ‘would 
take place, the current of air was so strong as nearly 
to blow out the flame. Of course, if the same con- 
ditions always existed wherever gas and fire were 
brought together in a subway, Mr. Bazalgette’s case 


would be made out, and the gas companies might 


safely place their mains under his protection at once. 
But, unfortunately, although the case abounds with 
certainties it has its uncertainties also, and it would at 
least be very easy to blow up every subway made or to 
be made in London, if it were desired to show what a 
gas explosion could do. 

We know that gas, by itself, will no more explode 
than air, and that on issuing into the air, it will, if at 
once ignited, burn quietly. But we also know that 
when gas is one mixed with air, the mixture, on 
ignition, eae with tremendous foree. So far there 
is no room for argument or difference of opinion. The 
questions left for discussion are, first, would not gas 
escape, at some time or other, from the mains laid in a 
subway? Second, would it not then mix with the air 
in the subway? Third, would there not be lights, lead 
melting pots, workmen’s pipes, or other means present 
to ignite the mixture, which, once formed, is explosive 
beyond dispute? We believe that, as the lawyers 
would say, we may admit the lights, as they would, of 
course, be in almost constant use, in some part or other 
of a large system of subways. A writer in the Zimes, 
even while ridiculing the common apprehension as to 
explosions of the class in question, takes care to 
suggest the use of safety lamps, but, to say nothing of 
the lead melting pots necessary in making joints, we 
might as well have safety tobacco pipes and safety 
fusees for the workmen. We must “admit” the 
lights, open and unprotected, in all parts of the 
subway. Many gas engineers—the majority, we will 
say—would as readily admit the escape of gas; not, 
perhaps, continuously, but at intervals correspond- 
ing to necessary or accidental disturbances of the 
mains. No one would pretend that the subways 
would never require to be inspected, nor that work- 
men would not need to go into them. Yet the very 
work of these men represents so much disturbance of 
the mains. They would go in perhaps to make good 
the joints, already leaking, or to make a service 
connexion, or to replace a cracked pipe. ‘There would 
also be other workmen, having nothing to do with the 
gas mains, but employed upon the sewers, or the 
water mains, or the telegraph wires, and who would 
be careful, indeed, if they never once gave the gas mains 
an unlucky wrench or a blow. It is of course to be 
admitted, that except from such injuries as might be 
inflicted by the workmen, the gas pipes would be less 
likely to leak, from accidental causes, when resting in 
a subway, than when exposed, as now, to the vibration 
of traffic, and the subsidence of the ground. But the 
present rate of leakage is estimated at from 10 per 
cent. to 20 or even 25 per cent., according to the 
locality, while a leakage of even one per cent. from 
mains carrying perhaps 200,000 cubic feet of gas per 
hour, would be quite enough to form, in a little time, 
an explosive mixture of 10,000 cubic feet in volume, 
enough to fill a 74. subway for a length of nearly 100 
yards. Imagine a Lenoir’s gas engine with a cylinder 
of that size! We cannot perhaps assert positively 
that leakage would take place from the mains, but no 
one can positively assert that it would not. Upon all 
that experience has shown to be probable there is 
abundant reason for believing that gas would now and 
then escape from some one ol many thousands of pipes 
and joints in a great system of subways. 

Seme of the strongest advocates of the subway 
system, however, while “ admitting” the lights, admit 
the leakage also. But the gas, they say, will rise out 
of the subway before there is time to form au explosive 
mixture. In some cases we believe it might, but we 
could never be convinced that this would commonly be 
the case, unless we had seen it proved over and oyer 
again, upon a large scale, by a course of experiments 
which most persons would reckon as very dangerous. 
When, nearly four mouths ago, a terrilic explosion 
happened at Nine Elms, the gas that escaped from one 
of the governors certainly did not fly out of the large 
open door of the meter-house fast enough to prevent 
the formation of an explosive mixture. Mr. Bazalgette 
relies upon a strong current of air through the sub- 
ways, but it is hardly reasonable to suppose that there 
would in every case be such a current, nor is it certain 
that, however strong it might be, the gas and air would 
not have time to mix before they were out of the 
tunnel. 

Although the whole question is one which is ac- 
quiring an increasing interest among engineers, it 
sannot admit of any positive proof of the safety or 
danger of placing gas mains in subways, otherwise than 
as may be determined as the result of prolonged ex- 
periments upon a great practical scale. We do not 
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—— to have proved anything in the present article, 
ut we have drawn attention to probabilities which go, 








we think, strongly against the proposed'system. _ It is 
perhaps, natural that many persons should always 
profess to be certain of what has not yet been ascer- 
tained, and we thus have engineers who are as perfectly 
certain of danger, in the case of the adoption of the 
subway system by the gas companies, as other engineers 
are perfectly certain that there would be no danger 
whatever. Thus in the discussion, the other evening, 
upon Mr. Burnell’s paper at the Society of Arts, Mr. 
Hawksley, who has had very great experience with gas 
works, did not hesitate to say that with 2000 miles of 
subways under the streets of the metropolis, the gas- 
mains being laid in them, we should have an explosion 
every day in the year. He was sure of it. Mr. 
Bazalgette was just as certain of the contrary, and thus 
the engineers differ as widely as the doctors on the 
subject of the cattle plague. The subway system has 
been said to have answered well at Nottingham, but 
Mr. Hawksley, who was the engineer to the Notting- 
ham gasworks, stated that the subway was a “ pitiful 
channel,” 200 yds. long, and having a rise of nearly 
40 ft., giving tolerable ventilation, and that it had a 
4-in. gas pipe, with but few branches as there were but 
few houses to be supplied on the line. Against a case 
so insufficient in the way of proof, we have the repeated 
accidents in Paris, and which have led to the abandon- 
ment there of the practice of placing the gas mains in 
subways. 


THE MANGUVRING OF SHIPS. 

Au that has been claimed for the turret ships is 
that they can bring their one, two, or perhaps five guns 
to bear in any direction. They can thus manceuvre 
their guns, but in their own movements they are no 
more or Jess than ordinary ships of war, some of which 
require eight or nine minutes to go round the cirele. 
The turrets, too, can deliver their fire and be then 
turned so as to leave no open port for the entrance of 
the enemy’s shot. But were is a fresh gun ready 
to fire, with each partial revolution of the turret, far 
more damage might be done upon the foe. We think 
that if attention had been first directed to revolving 
ships, we should never have heard of revolving turrets. 
At present, with only the rudder, worked by hand, the 
most rapid circular motion of our ships, or the motion 
at right angles to the line of keel in turning, is but 
from one knot to one and a half knots per hour, but if 
more effective means were provided, the largest ship 
might be turned in two or three minutes. 

We lately illustrated the machinery of a new ferry 
boat upon the Clyde, and which is driven by the dis- 
charge of jets of water at the sides. Asa means of 
propulsion, the “jet propeller,” as it has been called, 
is very old, and it is attended with a considerable loss 
of effect. But in the Clyde ferry boat the jets may 
not only be discharged at will, either fore or aft, but 
they may be discharged so as to spin the boat about 
upon its own keel. Now we are not about to propose 
that ships of war be driven, in their ordinary course, 
by the discharge of jets of water, but there can be no 
manner of doubt that these might be employed to give 
the ship a cireular motion, let us say around her own 
main mast as an axis. That this motion, especially if 
it could be made a rapid one, would be of immense 
value in action, there can be no doubt whatever. That 
the motion can be obtained there is as little doubt. If 
we choose merely to put powerful centrifugal pumps 
into a ship, and to connect them by frictional gearing 
to the engine shaft, doing this only while in action, the 
ship may be spun about at will. A short ship would, 
of course, come round quicker than a long ship; but 
whether short or long, the vessel could be turned 
with considerable quickness, probably in two minutes 
in the case of a ship 250 ft. long. With the pumps 
uncoupled, and the engines giving out their full 
power to the screw, they might make, let us say, 
sixty revolutions per minute (the stroke being, say 
4ft). With two a pumps coupled on, the speed 
of the engines would be perhaps twenty revolutions only, 
with the full pressure of the steam for the whole stroke. 
The resistance opposed by the screw propeller at this 
reduced speed would not absorb more than one-twelfth 
or one-fifteenth of the whole power of the engines, and 
the remainder would suffice to pump many thousands 
of tons of water per minute, at a high velocity, through 
suitably formed passages, ejecting it both at the bow 
and stern on opposite sides of the ship, in a direction 
at right angles to the line of keel. Suhataiie, we 
believe there is no possible difficulty in the way.’ We 
may observe that Mr. Gwynne, the patentee of the 
centrifugal pump, some time ago patented this mode of 
manceuvring, and that with his great experience in this 
class of machinery he believes it to be perfectly practi- 





able to fit large pumps to marine engines, so as to act 
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in the manner we have described. Frictional gearing 
is now employed for the hard work of driving some of 
the largest rolling mills in the north, and it would, of 
course, equally drive large pumps, while it has the 
facility of instant engagement and disengagement. 
With a proportion from the engine to the pump of four 
to one, or even three to one, a large pump would be 
driven quite fast enough for the work required, although 
the gearing might be multiplied so as to give two hun- 
dred revolutions to the pump for twenty of the engines. 
A smaller pump or pumps would thus be required, and 
a smaller volume of water would be dealt with. 

With such means of turning, a ship might either 
carry her guns on her broadsides, or in an elliptical or 
circular battery, the battery having a diameter the same 
as the beam of the ship. Or, for a long vessel, there 
might be two armoured circular batteries. In a ship 
of the beam of the Warrior, these batteries, being 
58 ft. in diameter, could each mount at least eight guns 
of the very largest size, and thus, in turning, could 
deliver one or two fires every fifteen seconds. Sup- 
posing the ship to be between two of the enemy, and 
that the guns could be loaded and discharged once in 
each minute (the 12-ton guns are fired at a much 
quicker rate), from two to four guns could be fired 
every fifteen seconds. There is nothing in any turret 
ship yet constructed, or, so far as is known, to be 
constructed, that could approach this rapidity of fire. 
We need hardly say that except in very rough weather, 
the method suggested for revolving the ship itself would 
enable the guns to be trained upon an object with a 
precision equal to that attainable by the turret system. 
The form and arrangement of the guns in the battery 
might be varied in many ways, and any naval oflicer 
can understand how guns might be directed to almost 
every point of the compass even when the ship was at 
rest. 

The great weak point in the turret ship is the small 
number of guns which it can carry, and, consequently, 
the slowness of its fire. It has not been proposed to 
mount more than two guns in a turret, but it has been 
proposed to increase the number of turrets, even up to 
seven. But this very proposal may be regarded as, in 
itself, a return towards the broadside system, and it can 
only be as a means of maneuvring that the turrets can 
then be said to have any advantage. That larger guns 
can be carried in a circular revolving battery than in a 
fixed square one, is obviously out of the question, 
although Captain Coles has insisted, and for a time 
with a show of reason, that larger guns could be worked 
upon his plan than in a fixed battery. But it is now 
found that the largest guns we have yct been able to 
introduce into the navy can be worked perfectly on an 
ordinary deck. If we succeed in making trustworthy 
guns of 22 tons weight, as is hoped, we have no 
doubt whatever that they, too, will be worked on deck. 
But with the mode of manceuvring ships which we 
have pointed out, the guns would need no more work- 
ing than if they were in a turret. And even if the 
bow and stern of a ship were turned around at the 
rate of only three knots per hour, the interval between 
firing would be far—very far—less than with the 
revolving turret 

It is unfortunate that Captain Coles’s position should 
furnish the occasion for partisan feeling, but there is 
much of this in the public discussions as to turret 
ships. There are those who are always suspecting 
unfairness in every public question, but we do not be- 
lieve that in Captain Coles’s case he has been neglected 
in the Admixalty otherwise than from a belief, in which 
we share, that his system is a mistake. 


HEAVY TANK ENGINES. 

PropaB.y the heaviest locomotive engines now run- 
ning in this country are those constructed by the Avon- 
side Engine Company (Limited) for the Vale of Neath 
Railway. These engines, which are for the narrow 
gauge, are carried upon four pairs of coupled wheels, 
and weigh, in working order, 56 tons, this weight 
being equally distributed upon the four axles. Some 
particulars of these engines will probably be interesting 


to our readers. 


The boilers are made with ‘he firebox casing raised 
7 in. above the barrel, this latter being 4 ft. 2 
diameter at the smokebox end, 4 ft. 5in. in diameter | 
at the firebox end, and 13 ft. 84in. Jong. The firebox 
easing is 7 ft. long, 4 ft. 9in. deep below the centr 


line of boiler at the front end, and 2 ft. 3 in. at the 
back end: the imside firebox being 6 ft. 34 in. long 
outside at the top, and carried 12 in. above the centre 
line of boiler. Ut is furnished with a longitudinal mid 
feather, and the top is stayed by transverse roof stays. 
The boiler contains 184 iron tubes 2} in. in diameter 
outside, these giving an external heating surface of 
1440 square feet, making, with the firebox surface, 





which is 160 square fect, a total heating surface 
of 1600 square feet. The back and front plates 
of the firebox casing are flanged over to meet the side 
and crown plates, and the front plate is also worked out 
to join the barrel of the boiler, no angle iron being 
employed. The front tubeplate is united to the barrel 
by a ring of 34in. x 34in. angleiron. The boiler and 
firebox shell is made of $ in. plates, with the exception 
of the smokebox tubeplate, which is 3 in. thick. The 
sides, back, and crown of the inside firebox are of } in. 
copper plate, whilst the tubeplate is } in. thick at the 
upper part, and $ in. thick below the tubes. A dome 
2 ft. 3 in. diameter inside, 3 ft. high, and made of $ in 
plate, is placed upon the barrel of the boiler. In this 
dome is placed the regulator, which is a double-beat 
valve, lifted by an eccentric on the regulator rod. 
The steam pipe leading from the regulator is 5} in. 
diameter inside as far as the smokebox, where it is 
joined to two pipes, 43 in. diameter inside, leading to 
the cylinders. ‘The safety valves are fixed on the top 
of the firebox casing. ‘The smokebox is 2 ft. 8 in. long 
inside. 

We have already stated that the engines are carried 
upon four pairs of coupled wheels. These wheels are 4 ft. 
6 in. in diameter. The extreme wheel base is 15 ft. 3 in., 
but the fixed wheel base, or the distance between the 
centres of the two middle pairs of wheels, is only 
t ft. 10 in., the leading and trailing wheels being capable 
of shifting laterally 2in. either way, according to the 
system patented by Messrs. Slaughter and Caillet. In 
this system the side play given to the wheels is obtained 
either by allowing the axle boxes to move laterally 
between the axle box guides, or by making the axle 
bearings longer than the axle box brasses, the former 
plan being adopted in the Vale of Neath engines. The 
lateral movement of each pair of wheels is controlled 
by two springs fixed to a frame connecting the two 
axle boxes of each axle, these springs having an abut- 
ment against the engine frame. The springs are placed 
in a state of initial compression, and it is found by 
practice that the extent of this compression should be 
such, that the resistance offered by the springs is equal 
to about one-seventh of the weight resting upon the 
bearings of the axle which they are to control. In the 
ease of the Vale of Neath engines, each axle carries 14 
tons, less its own weight and that of the wheels, ecrank- 
pins, and coupling rods; and the controlling springs 
are each compressed until they offer an initial resistance 
of 24ewt. This “apparatus of translation,” as it is 
called by the patentees, has been applied to a number 
of engines on the Continent. On the Vale of Neath 
engines, the tyres (which are of steel), showed no loss 
of form beyond the simple wear due to the weight 
resting on them, after they had been running fifteen 
months. 

All the axle-box guides are fitted with adjusting 
wedges. The bearing springs of the two leading pairs 
of wheels, and those of the two hind pairs, are con- 
nected by compensating levers, the two leading pairs 
of springs being situated above, and the two hind pairs 
below, their respective axles. The springs of tlie lead- 
ing and trailing pairs of wheels are arranged so that 
they do not interfere with the lateral traverse of those 
wheels. The third pair of wheels from the leading end 
are the driving wheels proper, or those to which the 
connecting rods are coupled. The crank pins are of 
steel. 

The cylinders, which are outside, are 18}in. in 
diameter and 24 in. stroke: they are fixed at a dis- 
tance apart of 6 ft. 94in. from centre to centre. The 
steam chests are let through the frame, which is deep- 
ened at the leading end for the purpose of admitting 
them. ‘The piston rods are of steel, and are 3 in. in 
diameter. The connecting rods are 9 ft. 5 in. long from 
centre to centre. The valve gear is of the stationary 
link kind, the link being situated just in front of the 
second axle, and the eccentric rods passing one over 
and the other below that axle. ‘The radius rod passes 
below the leading axle, and is deeply cranked so as to 
clear it. The engines have inside frames only, these 





r 2ft. Zin. deep the greater part of their 











| eth, and lin. thick. They are placed at a distance 
lof 4 ft. lin. apart. 

+, | The water is carried in two wing tanks, containing 

| collecti ely 1300 gallons, and the coal in two coal 

bunkers, one on each side of the fe rt} late. The engines 

| are fitted with a brake applied to all the wheels, and 


}are supplied with self-acting sandboxes. The boilers 
lare fed by two of Giffard’s injectors. 
The curves on the Vale of Neath Railway are 
renerally not severe, being of from ¢ 
2500 ft. radius ; but in the neighbourhood of Swansea 
there are some curves of 500 ft. radius, which th 
engines above described traverse with the greatest 


‘ease. The engines take a load cf 300 tons, exclusive 


ahout 1900 ft. to | 





of their own weight, up the Glen Neath incline (1 in 
7 for 54 miles) at the rate of ten miles per hour, the 
boiler during the transit evaporating the whole con. 
tents of the tanks. The pressure at which the boilers 
are worked is 1401b., and the consumption of the 
fuel when working up the incline is at the rate of 
about 65 lb. per mile. 








STEEL IN CONSTRUCTION. 
Ir it were known that steel possessed decided 
advantages over wrought iron in the construction of 
ships and girders, engineers would be disposed to 
adopt it extensively, considering the low price at 
which it is now produced. It appears singular 
indeed that no one has yet found it to his interest to 
make the experiments necessary to establish the value 
of steel for purposes of construction. At present we 
know next to nothing of the resistance of steel plates 
to compression, nor much of their extensibility under 
strain, or what is now termed the dynamic value 
of the material. Until these points are ascertained, 
either by engineers or by the steel makers (and the 
latter might, perhaps, take the initiative in the matter), 
we cannot expect to see steel employed in important 
works where it is subjected to compression. ‘There is 
a general fear of steel for such purposes as yet, and 
there is, too, an impression that it has been tried, and 
that it has failed. But upon this point we have no 
evidence to offer. Engineers really know so little of 
what steel will bear when worked into the top mem- 
ber of a girder, and their impressions are so much 
against its fitness in such a position, that they can 
hardly bring themselves even to recommend their 
clients to incur the cost of experiments to set the 
matter at rest. Individually, engineers cannot afford 
the time, not to say the considerable pecuniary outlay 
requisite for proper experiments, having only a 
general applicability to future practice. We cer- 
tainly think that the steel makers might well move in 
the matter. We know what trade jealousies are, 
but there ought to be firms quite above them. We 
should, indeed, suggest, supposing them to have 
confidence themselves in ul as a material for engi- 
neering constructions generally, that a number of firms 
supply, each, samples of what they believe to be their 
best qualities, and to instruct some disinterested 
mechanical engineer to work them up into girders, 
tubes, &c., and to engage some leading member of the 
profession to report upon the tests to which these 
might then be sahjestid . When the War Office desired 
to experiment upon cast iron for ordnance, nearly a 
thousand samples were forthcoming from almost all parts 
of the kingdom, the makers being willing to take what- 
ever position, as manufacturers, the results might indi- 
sate. It will be remembered how the West Hallam 
Ironworks obtained the best, and the Heyford Iron- 
works the worst position. Our own impression is that 
if the steel makers cared to submit their manufactures 
to experiment, they would, as a body, most benefit 
themselves by agreeing that the report upon the results 
should not specify whose make of steel was found to be 
best. Let it be tried as steel simply against iron, with 
the object only of making out a case in favour of the 
former. Divided among a few firms, the expenses 
would not be large to each, and if the results were 
favourable, all might expect to share in an increased 
trade. We do not say that we have any great amount 
of confidence in the readiness of the steel makers to 
unite in this way, and we can anticipate almost the 
very terms in which more than one would ridi- 
cule it. But we should still maintain that if the 
steel makers as a body woz/d unite to establish a 
position for steel in the eyes of engineers, a great in- 
crease in the steel trade would undoubtedly accrue. 
We thus suggest only a tradesman’s motive, but they 
might find others worthier, if they desired to render a 
service to science. The great steel makers are, speak- 
ing pecuniarily, able to accomplish almost anything, 
and a few thousands of pounds are as nothing to them. 
It may be, indeed, that they are well satisfied with the 
steel trade as it is, and do not care for any immediate 
nerease. But whether this be so or not, and while we 
admit that those in the trade are in no way bound to 
move in the direction we have suggested, we may as 
well state that it is seriously doubted in the profession 
whether steel, when substituted exclusively for w rought 
iron, has any special advantages sufficient to compen- 
its increased price. ’ 
Mr. Kirkaldy has an admirable machine for testing 
materials up to great strains, and we have no doubt 
that many of the experiments required might be per- 
formed upon it. But at the same time other and more 
important trials require to be made upon steel worked 
up into structures. Sooner or later these will be made, 
and steel will take its position according to the results. 
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THE CORLISS ENGINE. 

Tue steam engine of the construction patented in 
the United States by Mr. George H. Corliss, about 
eighteen years ago, has been very extensively adopted 
in that country, and Mr. Corliss has one of the most 
extensive factories in America for their construction. 
A few years since, the Messrs. Pirie, of Aberdeen, pur- 
chased one of these engines for their extensive paper 
mills, and Mr. Douglas, of Kirkcaldy, has already made 
a number of engines upon the same general plan, 
which are now working successfully. Many of our 
readers will recollect two Corliss engines, in the 
Prussian Department of the Western Annexe of the 
International Exhibition, made each by a Prussian 
firm of engineers, and with what we may even call a 
slavish imitiation of Mr. Corliss’s own patterns. They 
had each a single horizontal cylinder, and beyond a 
somewhat peculiar form of framing, their principal 
features were the arrangement of the valves, the mode 
of working them, and more especially the means of cut- 
ting off thesteam by means of the governor. The cylinder 
has four valves in all, comprising an induction valve and 
an exhaust valve at each end. These are not valves 
working upon a flat surface, but they vibrate each ina 
circularly bored cavity from 3 in. to 6in. in diameter, 
according to the size of the engine, these cavities being 
formed m prolongations of the steam and exhaust 
passages near the ends of the cylinders. Instead of 
being driven direct by the eccentric, the valves derive 
their vibrating motion, by means of suitable connexions, 
from a vibrating disc, or wrist plate as it is called, 
centred upon one side of the cylinder, and worked 
by the eccentric. The exhaust valves, moved by 
means of short arms upon the ends of their spindles, 
and by connecting links with their respective studs 
or pins on the face of the vibrating wrist plate, 
receive the same motion at all speeds of the 
engine. The steam valves are also worked from the 
wrist plate by means of short arms upon the ends of 
their spindles, and by suitable connecting links with 
their respective studs on the wrist plate, but these 
connecting links only draw the valves open. They 
are closed, each by means of a weight falling in what 
is called a “dash pot,” being an arrangement to check 
the fall of the weight either by a cushion of air, or in 
a vessel of water at the right moment of its fall, so as 
to avoid concussions. At the moment when this weight 
comes into action to close the valve, the latter has the 
same pressure of steam on both its upper and its lower 
sides, and thus closes easily. The connecting link to 
each steam valve is made in two parts hooked upon each 
other somewhat as the finger nails of the right hand 
may be hooked upon those of the left, the actual bear- 
ing surface, where the part’ hook upon each other being 
very slight (say half a square inch or less) in extent. Itis 
not very easy, perhaps, to follow all this without a draw- 
ing, but we believe that engineers will at least catch the 
idea. It will be understood that the two parts of the 
connecting links can be very easily unhooked, and that 
the steam valve will then shut by the action of the 
weight attached to the arm on the end of its vibrating 
spindle. By a simple arrangement the governor is 
made to effect this unhooking at a point in the stroke 
corresponding to the speed of the engine, so long as 
this point is not later than half stroke. In other 
words, if the valve is not released by the time the half 
stroke is made, it will not be released in the latter half 
of the stroke and steam will be admitted for the full 
stroke. ‘This circumstance is a necessary result of the 
arrangement employed, and is not of course desired. 

‘The effect of these combined arrangements is as 
follows: The steam valves are opened very suddenly and 
Clese to the end of the cylinder. When released they 
also close very suddenly, and thus there is no wire- 
crawing, either in opening or closing the ports, and 
there is very little waste of steam in the ports. Again 
the point of cut off is regulated by the governor, up to 
half stroke. Suppose the load upon the engine to 
correspond to the mean pressure of the steam if cut off 
at five-eighths of the stroke. 1n this case the engine 
would first take steam for the whole stroke, and for 
the next two or three strokes would take steam for 
rather less than half stroke. It would then again 
take a cylinder full of steam, and again fall off to half 
The engines should, however, be 


StToKe, and so on. 


so proportioned to their work as not to require steam 
for more than one-fourth or one-third of each stroke. 
lhe inequality of motion due to an occasional gulp of 


sicain for the full stroke is partly compensated by a 
Leavy flywheel. 

lu the States, as we happen to know, these engines 
are mm use in the largest cotton mills, spinning fine 
counts, and at many of these Mr. Corliss has made 
large sums of money by contracting to receive the 








value of the saving in coal by his engines, as compared 
with those previously employed in the same mills for 
doing the same work. In an article in a recent num- 
ber, we expressed some doubt as to whether Mr. 
Douglas was prepared to adopt the same course. He 
has written us to say that he is, but we have preferred 
to place his letter in our advertising columns, not, how- 
ever, with any unfavourable view of its statements, some 
of which we know to be well established facts. The 
Corliss engine, in great favour in America and in Ger- 
many, has already done well in Great Britain (for we 
cannot at present say England, as we believe none 
have been erected in England), but it is not the only 
one in which the point of cut off is regulated by the 
governor, nor is it the only one in which the valves 
are closed by a weight, after being liberated by proper 
means. The Allen engine, greatly improved by Mr. 
Charles T. Porter, and made by Messrs. Ormerod, 
Grierson, and Co., of Manchester, has the point of cut 
off regulated by the governor. As for the liberating gear 
it was, so far as we know, first invented and applied, 
in 1842, by an American engineer, Mr. Frederick E. 
Sickles, who is now in this country, and who has 
lately completed one of his engines at the works of the 
North British Rubber Company, at Edinburgh. The 
liberating gear, in various forms, is in general use in 
the American steamboats, and is well known to many 
English engineers. 





ROLLED IRON GIRDERS. 


Sorrp rolled wrought-iron beams or joists have not 
yet taken the place they deserve in the construction of 
buildings, especially of that large and important class 
of buildings with which the metropolis is now being 
gradually reconstructed. In France and in the United 
States rolled joists are largely employed in first class 
buildings, while cast iron is scarcely employed at all 
for floor girders. The French and Belgian ironmasters 
have given much attention to the proper and cheap 
manufacture of rolled beams, and already these are 
finding their way from the Continent to London. The 
rolled joists in the building erected for the Pimlico 
Wheel Works, illustrated in one of our recent num- 
bers, were imported from Belgium, and now Messrs. 
William and Thomas Phillips, of the Coal Exchange, 
are introducing beams of the same manufacture to the 
general notice of architects and engineers. These 
beams have shown an amount of strength not expected 
from them, although this is not entirely due to the 
good quality of the iron of which they are made, but in 
some degree to the fact that, in the ordinary formule 
for estimating the strength of beams, the strength 
of the web is not taken into account. A solid 
rolled beam of course derives a considerable portion 
of its strength from its web. Yet even when the 
full section of the web is allowed for, it would 
appear that the iron has a tensile strength of 
from 22 to 24 tons per square inch, which for 
iron now in the market, at a price but little above 
that of railway bars, having twice the sectional area, 
is certainly very good. Some months since, we saw 
one of these beams tested with a most unexpected 
result. The beam was 7+ in. deep, with flanges 23 in. 
wide, and having each about 1 square inch of sec- 
tional area, the web being scant 2in. thick, and the 
whole cross section 44 square inches, weighing 45 lb, 
per yard. Upon 13 ft. supports, and. with partial 
provision against lateral failure, it bore 7 tons 11 ewt. 
upon the centre, and, although the form of the beam 
was permanently distorted, not a fibre of the iron was 
broken. Even after allowing for the strength of the 
web, the result gives a high indication of value. 

On Friday last, further girders of this manufacture, 
and having plates rivetted to their top and bottom 
flanges, so as to give increased strength, and especially 
to prevent lateral failure, were tried at Mi. Kirkaldy’s 
experimenting works, at the Grove, Southwark, in the 
presence of a large number of engineers, architects, and 
contractors. Two of the beams of the section already 
given, being 77 in. deep, and having 44 square inches of 
total sectional area, had been placed side by side, and a 
top plate or flange, 10 in. wide, and } in. thick, and a 
bottom plate 10 in. wide, and 4 in. thick rivetted to them, 
so as to form a box girder. The plate iron employed was 
of ordinary quality and of English manufacture, and 
the bottom plate was too light, in proportion to the top 
plate. Still the girder bore a good strain, its breaking 
load being 14 tous at the centre of a 20 ft. span. Itbroke 
fairly in the centre of the span, across the rivet holes, 
and its deflection just before fracture was 1.9 in., or 
nearly y45th of the span. Taking 8in. as the mean 
distance between the centres of the top and bottom 
flanges, and taking the total sectional area of the 





bottom flange as 44 square inches (being the aggregate 


section of the lower flanges of the beams and of the 
bottom plate) the result would give a constant of 94 in 
the ordinary formula, where Mr. Fairbairn gives 80 for 
box girders. 

in the next experiment the value of the solid joists 
was in a great measure concealed by the addition of 
top and bottom plates to a single rolled beam, these 
( x om rivetted on as before) being of ordinary English 
iron, while the bottom plates were of too little total sec- 
tion in proportion to the top plates. Thus to a single 
rolled joist of the same section as was used in the 
previous experiments and already described, were 
rivetted three top plates 8 in. wide, and together 1} in. 
thick, and three Gatien plates, 6 in. wide, and together 
lp in. thick ; the top plates having 12 square inches of 
sectional area against only 6? square inches in the bottom 
plates. Upon 20ft. supports, as before, the central break- 
ing weight was 30 tons, but the lowest plate of the 
bottom flange was only 8 ft. long, this length being 
quite insufficient for the bearing, and, as was to have 
been expected, the fracture took place 4 ft. from the 
mid length of the beam, and through that part of the 
rivetted bottom flange where it was but { in. thick, 
instead of fin. The total depth of the beam was 
104 in., and if we were to take the fracture as having 
occurred at the mid length of the beam, through the 
total thickness of the three plates rivetted on the bottom, 
the constant corresponding to the a, would be 
upwards of 88, whi if we take the distance only from 
the centre to centre of the top and bottom flanges, say, 
9,;, the corresponding constant would be about 101. 
Of the details of the experiments there is no doubt, 
and we can only say that the results were beyond what 
any one could have expected. They cannot fail to 
strike the attention of architects and engineers, and 
we trust they may lead to a greatly increased use of 
wrought iron in the construction of buildings. 

THE FRICTION OF ECCENTRICS. 
To tHE Eprror or ENGINEERING. 

Srr,—In the latter part of your article on “‘ Marine Engineer 
ing,” in last week’s impression, you quote a rule from Bourne, 
for finding the friction of an eccentric, and which is as follows: 
“ The power required to overcome the friction of an eccentric 
is equal to the coefficient of friction multiplied by the circum- 
ference and divided by twice the throw.” Now, I would stat¢ 
that the throw has nothing to do with the friction, and that the 
power absorbed in turning an eccentric in its strap is the same 
whether the eccentric has a 20 in. throw or no throw at all, so 
long as the frictional periphery and the mean weight on the 
eccentric rods are the same. The eccentric, under any cir- 
cumstances, does not differ from a common crane brake. We 
may analyse this rule by Bourne, and will take the case of an 
eccentric 3 ft. 6in. diameter and 10 in. throw, with five tons on 
the rod, and a coefficient of one-tenth, equal to 1120 Ibs., the 
eccentric to make sixty revolutions per mirute. ‘To find the 
horse power in working it, we have by the rule 


panne Sh. CR 1,12 horse power for a 10 in, throw. 





20 x 33,000 
Let us now take an eccentric with the same external diameter, 
and with a 1 in. throw, and we have 
3.1416 x 34 x 1120 x 60 
2 x 33,000 

But no one can believe that the eccentric with the 1 in, throw 
requires ten times the power to work it that the one with 10 in. 
does. The proper rule to find the friction of an eccentric is, 
multiply the mean weight, in pounds, on the eccentric by the 
coefficient of friction, by the periphery, in feet, of the eccentric 
(described about the centre of its own formation, and not the 
centre of revolution), and by the number of revolutions per 
minute, and divide by 83,000. Tho quotient will equal the 
horse power absorbed in the friction of the strap, irrespective, of 
course, of any pressure due to the strap being tight upon the 
eccentric. By this rule, there is no difference between a 10 in. 
throw, a 1 in. throw, or no throw at all, so long as the mean 
weight on the eccentric and the external diameters are alike. I 
am, Sir, yours obediently, THos, ADAMS. 

5, Duke-street, Adelphi, W.C., Feb. 28th, 1866. 

[Mr. Bourne’s rule appears on the 149th page of the last 
edition of his ‘‘ Treatise on the Steam Engine,” but there can be 
no dispute that it is wrong. Besides the friction of the eccen- 
tric, there is, of course, the drag upon the engine due to the 
crank-like action of the eccentric. ‘This is directly as the throw, 
but it does not affect the friction of the strap.—Ep. E.] 


= 11.2 horse power for a 1 in. throw. 








Tue Mipianp Borer Association.—This association 
now has 1839 boilers under either inspection or assurance, a 
rather larger number being under assurance than inspection. 
The association has been four years in existence, and it is only 
this year that Mr. E. B. Marten, the chief engineer, has had to 
report the explosion of a boiler under assurance. Even in this 
case the inspector had previously pointed out the defective con- 
dition of the boiler. No less than 7172 inspections were made 
last year, including 390 internal examinations, and 840 examina- 
tions of the interior of the flues. Mr. Marten has the care of some 
of the most dangerous boilers in the kingdom, judging from 
ordinary experience ; 604 are in collieries, and 1027 in ironworks, 
and of the whole number no less than 1495 are fired externally. 
The fact that among all this large number of boilers not one life 
has been lost in four years, and that but one explosion has taken 
place and that of a boiler of which the defects had already been 
pointed out, argues well for the care and diligence with which 
the mspection is carried out. It is also satisfactory to know that 
the association is paying regular dividends of ten per cent. per 
annum to its shareholders. 
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THE CANNON-STREET STATION ROOF. 


(For Description, see Next Page.) 






Wy bs 
Z Dx Yy) " 
i, Oo. 
ling 
LLTTALELTDS TS 


| 

| 

| | A 
Ni HDS 































aN 





























| N 


LT I A 1 | TALL Hl | | . 4) a 
OE) SOOKE ae i= - 






































































































































——— ae 0 a 


. 


3 











4 _ LEVEL OF RANKS 


Avy — 































































































Marcu 2, 1866.] 


ENGINEERING. 





I4I 








THE CANNON STREET TERMINUS. 
Tne land lying between Cannon-street and the river Thames 
towards the north and south, and Bush-lane and Dowgate-hill 


to the east and west, is now occupied by the terminal station of 


the South-Eastern Railway, the bridge approach to which we 
described in our last number. The Cannon-street like the 
Charing Cross station is built — arches, for the ground falls 
rapidly towards the river, there being a difference of about 30 ft. 
in the levels at the opposite ends of the station, a length of 675 ft. 

The five lines of rails which cross the bridge diverge and in- 
crease to nine as they enter the building; eight of these are used 
for arrival and departure traffic, and the remaining one as a 
standing siding for locomotives or carriages. The Greenwich 
trains have a single line of rails and platform on the east, and 
the Charing Cross Railway similar accommodation on the west 
side of the station, the remaining space being employed for 
main line traffic. There are five platforms altogether, four of 
them 12 ft. 6 in. wide, and the fifth whieh serves for the arrival 
and departure traffic of the Greenwich line, as well as for a 
main line departure platform, has a width of 25 ft. 

There is standing accommodation for twenty-eight carriages, 
on each line within the station, which is to be used exclusively 
for traffic, there being no space available for sidings or standing 
room with the exception of the line just now mentioned. 

The engines take their coke and water on the south side of the 
river just beyond the bridge, where an engine house and a 40 ft. 
turntable have been erected, as well as coke stages and water 
tanks and cranes. 

The north frontage of the station, which stands about 
100 ft. back from the line of Cannon-street, will be ar- 
ranged somewhat after the manner of that at Charing Cross. 
Entrance gates from the street lead into a spacious court-yard 
(beneath which is now being constructed the Cannon-street 
station of the Metropolitan District Railway) in front of an 
hotel built over the station, access to which is gained by arch- 
ways right and left of the building. A road 20 ft. wide, for 
cabs and carriages, runs between two of the main arrival plat- 
forms for some 450 ft., and then disappears in a subway, which, 
after many windings, emerges in Thames-street, 25 ft. beneath. 

The total length of the station building is 675 ft., and the 
width between outside walls 201 ft. 8in. This space is covered 
with a roof, the details of which we have engraved. ‘There are 
20 trussed principals placed 33 ft. 6 in. apart, except where the 
station crosses Thames-street, at which point there are 35 ft. 
between the principals. Fig. 2 shows an elevation of one 
trussed rib. The clear span between the bedplates on the 
opposite walls is 190 ft. 44in. The height from rails to 
springing is 46 ft., from springing to upper side of rib, 60 ft., 
from upper side of rib to ridge on top of lantern 9 ft., making a 
total height of 115 ft. from rails, or 150 it. from Trinity high 
water to top of building. 

The principal rib, a section of which is shown, is 1 ft. 9 in. 
deep, and 1 ft. 2 in. wide across the top and bottom flanges, the 
web is Zin. thick, and the connecting angle irous 3in. x 3 in, 
x fin. ‘This section is the same throughout, and the rib is 
curved with a radius of 108 ft. 0 in., which gives it a versed 
sine of 60 ft. 1t is trussed at eight points with vertical struts, tied 
together at the bottom and braced diagonally, as shown in Fig. 2. 
The struts are made of two wrought-iron plates 10 in. by 4 in., 
each stiffened on the outside with T irons 6 in. by 3 in. by 4 in., 
and are kept asunder by cast-iron distance pieces. The diagonal 
bracing consists of flat bars, of strengths increasing from 6 in. 
by fin. in the centre to 6 in. by 1 in. at the springing. 

‘They are attached to the main rib, in the method shown in 
enlarged details, where it will be seen that a wrought-iron 
bracket, 1 ft. 10 in. wide by 10 in. deep, is rivetted to the rib, to 
which both diagonals and struts are secured, the former by 3 in. 
rivets, the latter by Zin. bolts. A similar method is adopted in 
the connexion with the tie rods at the bottom of the struts. 
The ends of the main rib rest on cast-iron bedplates as shown; 
one bearing being fixed, and the other provided with rollers, so 
that the whole roof has perfect freedom allowed for expansion or 
contraction. Fora distance of 10 ft. from each end, the rib is 
made double, and the width extended from 1 ft. 2 in. to 4 ft. over 
the bedplate, the space between the double web and the sepa- 
rated flanges being filled with a casting which stiffens the rib, 
and gives the necessary width of bearing; Fig. 3 shows this. 

Wrought-iron purlins (Fig. 4), 1 ft. 8 in. deep, with upperaind 
lower flanges formed of angle irons, 5in. x 3in. x }in., oxtend 
along the whole length of the roof at intervals of 11 ft. The 
enlarged detail shows the mode of uniting them to the main 
girder, where it will be seen that they do not project beyond the 
top of the main ribs, to which they are bolted, above by means 
ot a cover plate, and below to the lower flange direct. The purlins 
are stiffened laterally by a system of diagonal bracing throughout 
the roof, A lantern and louvre frame surmount the roof, as seen 
in Fig. 2, and the construction of the louvre standard will be 
understood from the details. Four rows of louvres provide for 
ventilation, and the upper part of the lantern is glazed with rough 
pate-gam, resting on T iror sash bars, 3in. x 3 in. x Z, in. 

or 22 ft. on each side of the louvre frame the roof is covered 
with corrugated zine plates, laid on 14in. boarding secured to 
the purlins, below which, for a distance of about 50 ft., skylights 
are framed with T iron sash bars, of a section similar to those 
used in the lantern. Between the bottom of the skylights and 
the gutter, slating laid on 1} in. boarding is used, and the water 
from the roof is carried off by pipes communicating with the 
gutters, and carried down the outside of the station wall, at inter- 
vals of about 60 ft. 

Fig. 1 shows an elevation of the south end of the Cannon- 
Street station, facing the bridge. The upper and lower members 
of the screen are ordinary lattice girders, the diagonal bracing 
being formed of double angle irons 4 in. by 3in. by fin. The 
space between the slightly cambered bottom girder and the upper 
one is filled in with a double iron framing, formed of T irons, and 
sin. plates Yin. apart, the outside one being provided with 
sash bars, and glazed; the bracing of the lower girder is hidden 
with ornamental woodwork and with glass. The towers on each 
side of the screen are of brick, with stone mouldings, and have a 
total height from rail level to the top of roof of 140 ft. The 
whole of this work is designed by Mr. John Hawkshaw, F.R.S., 
the engineer to the South-Eastern Railway Company ; it is being 
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Captain Coles and the Admiralty ; with an Enquiry into the 

Origin and Qualities of the Turret System of Armour Clad 

War Vessels. By the Son or AN OLD Nava Orricer. 

Longmans, Green, and Co, ‘ 

Attnoven this is but a shilling pamphlet, there 
are many who will like to read it. It is severe upon 
Captain Coles, gives to Captain Ericsson the whole 
credit of the invention of the turret ships, and defends 
Mr. Reed stoutly. The reasoning is on the whole 
able, but there is considerable evidence of feeling. It 
is now rumoured that Captain Coles has heen reinstated 
by the Admiralty in the position from which he was 
a little time ago dismissed, but if this be so, we think 
his position has already been made an uncomfortable 
one, and that to a great extent by the course he has 
himself taken. The pamphlet under notice hits him, 
as we have said, severely, and while we may perhaps 
regret the tone of some of its passages, we cannot but 
think that whatever popular sympathy his case may 
excite, he is not a man from whom the public can 
expect any valuable service as a designer, inventor, or 
adapter, of ships of war. We have already expressed 
our own belief that the system of turret ships is not 
one which we should largely adopt, and we believe that 
means will be found, whereby all the mobility of the 
turrets will be secured in the ship itself. 

We may extract from the pampliet before us, one 
portion bearing on the construction and working of 
turrets: 

It has already been stated that Captain Coles carries his 
turrets on rollers on the lower deck, and the turrets pass through 
great holes in the upper deck, with an annular — between 
the deck and each turret. It has further been already shown, 
that with these great openings in the decks, and without any 
provision such as the monitors have for drawing the air required 
for the furnaces and for ventilation from a point adequately 
elevated above the water, he cannot keep his upper deck very 
low, and that high sides are only another form of expression for 
thin armour. Since, too, the portions of the turrets below deck 
are not protected by armour at all—except that on the outside 
of the ship—a single well-directed heavy shot might smash up 
the gearing of all the turrets at once, and disable the vessel al- 
together. But these do not constitute all the objections. Those 
who have had the opportunity of observing the effect of shot 
om the monitor turrets know very well that a large quantity 
of iron débris is collected at the base of each turret, consisting of 
fragments of balls and shells, which, being broken up on the face 
of the armour, the fragments are- projected in every direction 
with great force. Now, supposing Captain Coles’ turrets to be 
strong enough to intercept the balls and break them up, as is 
done by the turrets of the monitors, the first effect of a hostile 
fire in going into action would be to jam the turrets altogether, 
for those fragments would be inevitably projected through the 
frail leather covering downwards into the annular spaces be- 
tween the deck and the turrets, and some of the fragments would 
there stick fast and jam the turrets so that they could no longer 
be movéd, ‘I'he same effect would be produced by a heavy shot 
striking the deck where a turret passes through it, and in all its 
most vital points, the mechanism for mancuvring the tur- 
rets is mechanically defective. In some cases this mecha- 
nism consists of a circular rack, attached to the lower 
deck, into which a pinion works, driven by gearing at the 
circumference of the turret, and moving with it, while in 
other cases the circular rack is attached to the inside of 
the turret, and is moved by gearing fixed upon the deck. 
Both plans are faulty; for it is found that when a turret 
is exposed to the shock of heavy ordnance, there is not 
the least certainty that it will preserve a truly cylindrical form, 
and if it becomes oval, or otherwise distorted, the gearing will 
not work. In the monitors, all inconvenience from this cause is 
obviated by turning round the turret by means of a central 
vertical shaft, or spindle, the wheels attached to which will not 
be disturbed: by any change in the external form of the turret, 
or by the concussion it suffers, and on this central pivot or spindle 
a considerable part of the weight of the turret is suspended. 
The monitor turrets have no rollers, but revolve on a ring in- 
serted in the upper deck, and as ample means of lubricating the 
rubbing surfaces are provided, and as any desirable portion of 
the weight may be carried by the central shaft, the rotation of 
the towers, by donkey engines provided for that purpose, is easily 
accomplished. Such an arrangement obviates all risk of the 
turret jamming by splinters, and it will continue to work 
efficiently, if it ceases to be round. In the turret of the 
Dictator, which is fifteen inches thick of iron, the donkey 
engines which rotate the turret are capable of exerting a force 
of 70,000 lb, applied at its circumference, and this would suffice 
to turn the turret even if none of the weight were carried by 
the central shaft. Generally, however, the step of the central 
shaft is keyed up in going into action so as to — about two- 
thirds of the weight of the turret and guns; and in going to sea 
it is let down a little, so that the rubbing surfaces may form a 
water-tight joint. 

We cannot concur in the author’s belief of the 
superiority of the American monitors and American 
guns over our own ships and guns, nor were the 
monitors ever fired at by the best guns we can now 
produce. We need not, however, follow all the state- 
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Mr. Timss’s annual has long since taken a creditable 
position in literature, and the large demand which is 
made for it, proves that it possesses a value to its 
readers, for it is a work which professes only a useful 
character. The present volume contains nearly a thou- 
sand paragraphs, compiled from the best accounts 
which have appeared during the past year of dis- 
coveries and improvements in almost every branch of 
science. 
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ENGINEERING QUALIFICATIONS. 


We give insertion elsewhere to a letter which ex- 
presses a very general feeling in the profession—viz., 
that no engineers should be allowed to practise who 
are not properly qualified. This opinion is being con- 
stantly declared, but we fear, there cannot in the 
nature of things be any means of giving it effect. No 
one can pretend that there is any case upon which en- 
gineers could petition Parliament to legislate against 
quacks. Nor S we see what effective legislation there 
could be in such a matter. The public, whenever they 
require the services of a skilful member of the profes- 
sion in almost any department, need seldom go astray, 
for, if they choose an inexperienced man who has not 
vescentlly carried out works of the kind required, it 
can only be from the want of sufficiently questioning 
his acquirements. Whoever employs an engineer to 
construct a work of a kind which he has never con- 
structed before, must of course bear whatever risk 
there may be of his blundering. The real risk, we 
shall be told, is that because a person styles himself an 
engineer, it will be taken for granted that he is pro- 

erly qualified, and that he will be engaged accordingly. 

e believe on the contrary, that nothing is better 
known than that any one may style himself a civil en- 
gineer, and that the mere assumption or use of this 
title goes for little or nothing. Let the public judge 
of engineers by their works. 

But then comes the broader question. Although an 
engineer may design and direct the construction of a 
railway, a bridge, or an engine, how is it to be known 
whether, when he has done, he has made a sound, good, 
work, at a reasonable cost? We admit that here the 
means which the client has for learning the antecedents 
of the professional gentleman he is so anxious to treat 
with due courtesy, are not always satisfactory. One 
engineer’s opinion is not to be asked as to another, 
except when the latter has been employed under the 
former. And except the person seeking the informa- 
tion have abundant and ready sources to apply to, and 
have good judgment of his own, he may be actually 
unable to learn whether a given executed work is really 
good or bad. But we fear the difficulties, such as they 
are, must remain, with the other difficulties which men 
have found in dealing with each other from the Creation. 
There is one tolerable security in the fact, that the de- 
serving engineer will pretty generally have his deserts, 
and that he will be well spoken of even by his profes- 
sional rivals, 

As for engineering qualifications, we should regret 
to attach less than their full value to the highest attain- 
ments, but engineers will, we believe, always be selected 
rather for what they have done, than for the examin- 
ations they have passed. We readily own, however, 
that a man well grounded in that kind of engineering 
knowledge which may be acquired from books, is more 
likely to succeed in practice than he who has learnt 
little or nothing. if liberal acquirements could be 
made an additional claim to ile recognition, we 
should be pleased, but in no case should they be held 
to suffice for the qualification of an engineer, All 
knowledge requires great judgment and experience in 
its —s to practice. But we must remember 
that there have always been, and probably always will 
be, self-made engineers, who became great not b 

acquiremenis but by endowments, and that a promi- 
nent place must always be left for the Brindleys and the 
George Stephensons of the profession. Engineering 
offers so many openings for successful inventions and in- 
novations, that a new, and, comparatively s ing, an 
uneducated but deserving class of men will always be 
working their way into our ranks. For general practice, 
however, a sound technical education is necessary, and 
we believe this will be best secured by an engineers’ 
college. Once established under proper auspices, we 
believe that such an institution would certainly suc- 
ceed, and that it would, in conjunction with the Insti- 
tution of Civil Engineers, determine the debated 
question of Engineering qualifications in a manner 
greatly to the benefit of the yours engineer, and thus 
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ments of the pamphlet, although they will be found 





executed by the same contractors as the Cannon-street bridge. 





interesting. 





ultimately to the whole profession, as well as to the 
general advantage of the public. 
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lI. Polytechnisches Centralblatt. 
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Loni and Coblenz. Machines for preparing hemp without 
wrevious retting (with plates) 

Jos. Schlegel. Comparative experiments made with rails of 
Bessemer metal, and of common iron. 

Fleury and Brocot. Self-acting signal disk. 

A. Priismann. On the construction of flues of locomotives. 

Official Report on the vertical bolts and cramps of the fireboxes 
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G. Egestorff. Movable engines (with plates). 
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as common salt. 
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soda. 
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its use in the manufacture of formic acid and formic 
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Justus von Liebig. On the making of coffee. 

Gohin. Mineralized cards. 

Permanent ways of stone cubes. 

Dr. M. Heeren, On the galvanoplastic process. 

Stone. Invisible photographs. 

Means of protecting iron and steel from rust. 

G. Bedson. Improvements in zincing iron wire. 

Sealing iron in stone. 

Tunner. On sorting Bessemer metal, and on fluxes in Bes- 
semerizing. 

On magnesium. 

Holdmann. Imitation meerschaum. 

J. Pelouze. On the colouring of glass by means of selenium. 

Reduction of subsulphite of lime from the residues of soda- 
works. 

Gas reservoir with central regulators. 
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On the importance of using long stapled cotton in the manu- 
facture of collodion. 

Substitute for cotton. 

Process for rendering wood plastic. 

Hoffmann, Researches on the vegetable nature of yeast. 

Waterproof paper. 

Detection of shellac. 

Curing the itch by means of petroleum. 

Production of petroleam in Hanover. 

Using leucaniline in calico printing. 


VII. Comptes rendus. 
(1866. No. 5. Weekly.) 

Delaunay. On the apparent acceleration of the mean motion of 
the moon, owing to the action of the sun and moon on 
the sea. 

Daubrée. Synthetical experiments on meteorites with regard to 
the formation of those planetary bodies and the earth. 

Serres. On a new species of glyptodon (G. giganteus). 

P. Secchi. Relation between the variation of the sun spots, and 
the variation of the amplitude of magnetic oscillation. 
Spectrum of Tempel’s comet. 

C. Sédillot. On the superiority of chloroform as an anesthetic. 

Chatin. On the placentoids, a new organ of anthers. 

Pambour. On = theory of hydraulic wheels; theory of bucket 
wheels, 

Mallard. On the tin beds in the Limoges and Marche district, 
and on certain ancient excavations belonging thereto. 

Clebsch and Gordan. On the theory of the Abelian functions 
(continuation). 

Wolf. On a certain obscuration of the sun wrongly attributed to 
the interposition of shooting stars. 

Phipson. Note on a deposit of biracemate of potash in red wine. 

Perrot. Experiments made with the view of verifying certain 
points of the theory of static electricity. 

J. M. Gaugain. On disruptive discharges. 

E. Pelikan. New researches on the poison of nerium oleander. 


I. Dingler’s Polytechnisches Journal. 
(Vol. clxxix. Part II. Fortnightly.) 

A. R. Burg. On the application of Bessemer steel plates to 
steam boilers. 

Blandin, Lubricating apparatus for liquid oil (with plates). 

On the street locomotives at the Cologne Exhibition of 1865, 
and experiments made therewith. 

H. Ramay. Pressure ventilator (with lates). 

Jul. Steiner. Spinning machine, 

C. J. Hofmann. Patent anchor. 

Dr. Woodbridge. Coating bronze guns with wire. 

Bellet and de Rouvre. Electro-magnetie locomotive (with plates). 

W. Holtz. New electrical machine (with plates). 

Walter Woodbury. New photo-relievo impressions in semi-trans- 
parent style. 

Prof. Heeren. On Cantagrel’s apparatus for detecting gas escapes 
(with plates). 

A. Perret. Continuous apparatus for the manufacture of carbonic 
acid, and clarifying or defecating vessel for sugar-works 

_ (with — 

C. Kappesser. On Woodward's patent steam cupola furnace 

(with plates). 





Menelaus. Rotary puddling furnace (with plates). 

J. Pelouze. On the adventurine of chrome. 

Liecke. On nitroglycerine, or blasting oil. 

Dr. Weber. Feeding boilers by means of ‘fatty water of conden- 
sation. 

Kip. Patent gas-burner. 

On Siberian graphite. 

Sy and Wagner. Platina-plated cups for chemical laboratories. 

Prof. Béttger. On an efficient remedy for rust in iron and steel 

Prof. Th. Haas. On gilding steel. 

Dr. R. Brimmeyr. On Pharaoh’s serpents. 

On the detection of free sulphuric acid in vinegar. 

Cyanine, the most sensible reagent on acids and alkaline bases. 

J. Wothly. Wax lustre for photographs. 

Manufacture of albumen of blood in a colourless state. 

Brunet and Jais. Converting gluten and albumen into liquid and 
solid yeast. 

So-called Vienna meerschaum. 

Mineralized teasels. 

Colouring living bodies by aniline. 

Articles of wood wool. 


X. Annales de Chimie et de Physique. 
(1866. Janvier). 

Emile Kopp. On the utilisation and denaturalisation of the 
residues obtained in the manufacture of chloride of 
lime and artificial soda (with plates). 

Ff. Fremy. Chemical researches on hydraulic cement. 

E. Fremy. Chemical researches on the green substance of 
leaves. 

Aug. Houzeau. On the nitrous compounds considered as to their 
not being the cause of the alterations produced by 
atmospheric air on semi-ioduretted vinous turnsol 
paper used as an ozone reactive. 

C, F. Schoenbein. On the action of platina, rathenium, rhodium, 
and iridium on chlorine water, on the aqueous solu- 
tions of hypochlorides, on peroxide of hydrogen and 
ozonised oxygen. 

J. L. Soret. Researches on the density of ozone. 

Kolb. Theoretical essay on the manufacture of soda by Leblanc’s 
process. 


XII. Mittheilungen des Gewerbe-Vereins fii das Kénigreich 
Hannover. 
(1865. Part VI. Bi-monthily.) 

Nagel. Drag sawing machine (with plates). 

Liecke. On the treatment and use of caoutchouc. 

Prof. Riihlmann. Schlu and Co.’s powder mill, and wire rope 
transmission thereat (with plates). 

Prof. Rihlmann. On Tailfer’s machine for sweeping streets 
(with plates). 

Prof. Ruhlmann, On the use of street locomotives for heavy 
traffic between Pirmasenz and Bergzabern (Palatinate). 

E. Hoyer. New boring apparatus (with plates). 

On the manufacture of paper pulp of wood. 

On the police regulations concerning the construction and altera- 
tion of steam boilers. 


III. Der Civilingenieur. 
(1865. Part VIII.) 

Dr. Ed. Klafsohn. On the art of governing balloons (continuation) 
(with plates). 

Prof. Porro, Three lectures on an expeditious method of survey- 
ing (with plates). 

Chaubart. Self-acting shuttle, with a constant flow at various 
heights of pressure (with plates). 

Bernard. On the dredging machines used in deepening the 
second division of the Arles and Bouc canal (with 
plates). 

VI. Journal fiir Praktische Chemie. 
(1865. No. 22.) 

Th. Scheerer. Settlement of the controversy on the chemical 
constitution of silicic acid, and deductions therefrom. 

Dr. Graeger. On the volumetric anaylsis of lead and tin. 

A. Strecker, On certain salts of the peroxide of thallium. 

Dr. J. Piccard. Accelerating the filtering process. 

Prof. A. Miiller. On the amount of ammonia contained in 
atmospheric air. 

Prof. A. Miiller. Chromometrie studies on affinity. 

Prof. A. — Chromometric relation between cobalt and 
nickel. 

Prof. A. Miller. On the question of the generation of heat by 
the growth of plants. Organic fixed heat. 

Dr. A. Ladenburg. New method of elementary analysis. 

W. L. Clasen. On sulphocyanides. 

Saytzeff. On diamid salicylic acid. 

On the salts of malonic acid. 

H. Rheineck. Relation between allantoine and the amalgam of 
sodium. 

Emil Jungfleisch. On the alcoholic subproducts of thymole. 

A. Naquet. On the action of phosphuretted chloride on thymolic 


acid, 
W. A. Tilden. On the iodides of certain organic bases. 
A Gautier. Compound of ioduretted hydracid and prussic acid. 
Dr. Finckh. Alogtic acid. 
Dr. Finckh. Chrysocyamic acid. 
Griess. Perbromides of diazo-acids. 
Dr. Brigel. Hydrazosalicylic acid. 
Dr. Haarhaus. Hydrazoaniline. 
Limpricht. Chlorbenzoyle and phosphuretted chloride. 
A. Bauer, Analysis of monochloric ether. 
Brigel. Manufacture of benzoyle, 


XV. Allgemeine Bauzeitung. 
(1866. Part I.) 
House at Kiel —— plates). 
The new Rudolf Hospital at Vienna (with plates). 
The Winter Palace at Dublin (with plates), 
On the theory of the motion of water in rivers and canals. 


RAILWAYS IN THE CLEVELAND Districr.—The Cleveland 
district is now producing at the rate of one million tons of iron 
yearly, and better means of communication are desired between 
Middlesborough and Liverpool. The Skipton and Wharfdale 
Railway Bill provides for this. One of the promoters of the new 
line, in a recent speech at Stockton, observed that from Stockton 
to the terminus of their line at Elsback was a distance of 65 
miles, and from Elsback on to Liverpool was 58 miles, making 
a total length from Stockton to Liverpool of 123 miles. Elsback 
was on the Midland line, but that company had running powers 
over the Lancashire and Yorkshire, from Calne to Maaebeten 
Liverpool, Preston, and most of the other large towns of Lanca- 
shire. From Calne they had the Lancashire and Yorkshire 
running to all the important towns of Lancashire, and the Fleet- 
wood, Preston, and West Riding company were extending their 
line from near Langridge to join the Skipton and Wharfdale, at 
Elsback. The London and North-Western were also at Black- 
burn by their new line from St. Helen’s through Wigan and 
Chorley, and the Lancashire and Yorkshire were promoting a 
new line this session from Blackburn through Pendle Forest to 
near Calne, so that the neighbourhood of Skipton was destined 
probably to become one of the most important railway converg- 
ing points in the kingdom, and in conjunction with either the 
Midland, the Lancashire and Yorkshire, or the London and North- 
Western, they could establish through rates between Stockton 
and Liverpool and all the other great towns in Lancashire and 
the West Riding. At the present time goods passing from the 
North-Eastern district to Lancashire, and vice versd, turn the 
angle of Tebay or Normanton, a distance of 30 miles longer than 
by the proposed new line. The Tebay route is not suited for 
heavy traftic, owing toits severe gradients, indeed almost its only 
value was to carry the Durham coke to the Ulverstone and Fur- 
ness ironmasters. ‘The route vid Leeds was somewhat shorter, 
but owing to the severe grade in the Bramhope tunnel, and the 
wet and dangerous state of that tunnel, with the overcrowded 
and confined space at Leeds, it was impossible to get heavy 
traffic through Leeds to Lancashire. But even were it both 
eee and convenient to do so, the Skipton and Wharfdale 
ine would still effect a saving on the average of about 20 miles 
to all the principal towns of Lancashire. The present charge 
for the carriage of pig iron from Cleveland to Lancashire was 
10s. a ton, and the average distance vid the North-Eastern route 
to all the principal towns is 120 miles. Now, their line could 
reduce that charge to 7s. 6d. per ton, and yet receive as high a 
rate as the other line. The rate for finished iron to Liverpool 
is 13s. 4d. and Is. 6d. cartage per ton, making 14s. 10d., and 
those who sent it were fortunate if it arrived in Liverpool in 
three days. The rate from all the great ironworks in South 
Wales to Liverpool is 10s. 10d., put on board in the Mersey. The 
distance is greater than from Middlesborough, and yet it is loaded 
on the rind one evening, and is in Liverpool, alongside the ship, 
next morning, at a cost of 4s. less per ton than from this district. 
Why, he would ask, was this? For the simplest of reasons, 
There is the healthy competition of two railways, and the sea 
navigation from Cardiff and Newport, but in this district they 
were on the opposite side of the kingdom to the great western 
shipping ports, and therefore they were without the advantage 
of the sea water, and were told they should not have railway 
competition either. One would almost imagine that the North- 
Eastern line was carried on for the benefit of a certain class, for 
they would find that company conveying coke to Derbyshire and 
Staffordshire for }d. per ton per mile, and charging pig iron 1d. 
per ton, and finished iron 1}d., and heavy castings 2d. per ton 
per mile. 

Raitway CoMMUNICATION WITH THE CoNTINENT.—In a 
letter to the Zimes, Mr. Forbes, the general manager to the 
London, Chatham, and Dover Railway Company gives the fol- 
lowing information about the railway communication with the 
Continent. He says: ‘ Before a second line to London had re- 
ceived the sanction of Parliament, the facility of return tickets 
between London and Paris had not been conceded to the public 
at all; but in anticipation of the opening of this line it was in- 
troduced. Up to that time the cost of a journey (first class) 
from London to Paris and back was 6/. 3s. In 1859, when the 
works of the new line were in active progress, return tickets 
were adopted at arate of 4/. 10s. The charge is now 4l. 7s. 
The amount of the fare is not always an indication of the value 
of the services rendered. The fare now includes every charge 
connected with the registration of baggage, which, while contri- 
buting so much to the convenience of the public, involves the 
railway companies in large expenses and responsibilities. Be- 
fore the second line was opened to Dover, the charge of 1s. per 
package was demanded for registration, and, in the case of pas- 
sengers travelling on a Continental journey with a large number 
of packages, this was a serious addition to the cost. The fares 
now also cover the transhipment of the baggage between the 
railway and steamer both at Dover and Calais, for which, under 
the old system of privileged porters (abolished by the London, 
Chatham, and Dover Company’s Act), a separate charge was 
made to the public nominally of 5d. a package at each place, but 
really much exceeding that amount.” Hie also alludes to the fact 
of the tickets issued being now available by either route, and to 
and from, four London termini instead of one. The incon- 
venience attending the transit from the trains to the boats at 
Dover, has also Sean removed by the railway companies ob- 
taining, at a great expense, access for their trains to the 
Admiralty pier. Additional train accommodation has also been 
afforded to Dover and other towns on the route. 

Tue GALEs.—On Friday last the roof of the Rise Carr Rolling 
Mills at Darlington was blown off. Many of the men were then 
out on strike, and only a few labourers were in the mill at the 
time, but of these one was killed, and several others were 
injured. The whole roof was blown down. The dimensions of 
the roofs (three in number and connected), were 38 ft. 6 in. 
span, and 240 ft. long, supported by 18 ft. iron columns, bound 
together with malleable iron girders, and covered with slate. 
Not more than five minutes prior to the sudden gush of wind 
which caught the roofs, the manager, Mr. Roger Robson, had 
been standing at the south side to ascertain if the wind was 
causing any vibration, but he observed none. Fortunately, 
neither Mr. Robson nor the three foremen employed at the works, 
were inside at the time. On the same afternoon the roof of the 
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Stockton rolling mill was blown down, and six men were more 
or less injured. 
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THE GANGES CANAL. 


Tue Ganges—or, as it is sometimes called, the 
Central Doab Canal (as it passes through the Doad, or 
land lying between two rivers—the Ganges and the 
Jumna)—was first contemplated by Colonel Colvin, 
who, on delivering charge of his office of Superin- 
tendent of Canals, in 1836, to his successor, the present 
Sir Proby Cautley, recommended the project to his 
consideration. Colonel Cautley carefully examined the 
country through which the canal would pass, and sub- 
mitted a scheme, which, after being referred to a com- 
mittee, was, in 1841, sent home for sanction. Ground 
was first broken on the 16th April, 1842 ; but, owing 
to various unforeseen circumstances, the work cannot 
be said to have been fairly commenced on a scale com- 
mensurate with its importance till the year 1848. The 
design was for a length of canal, including branches, 
of $984 miles, and calculated to furnish sufficient irri- 
gation for an area of 4,500,000 acres. The river 
Ganges, whence this canal receives its water and its 
name, rises amongst the snows of Gungotri, and, 
flowing within the interior of the Himalayas, leaves 
its mountain channel above Hurdwar, where it breaks 
through the Sewalic Hills, and separates into several 
branches, one of which, passing the Pyree Ghaut—the 
most sacred of the bathing-places of the Hindoos—is 
the channel through which the supply for the canal is 
brought to Myapoor, where the regular excavation 
commences. 

The discharge of the Ganges River, a little above 
Hurdwar, is 8000 cubic feet per second, of which the 
canal is capable of taking 6750 cubic feet. A tempo- 
rary dam is thrown across the river to divert the 
necessary amount of water into the canal, which has to 
be renewed every year—a practice common in the 
north-western provinces when the supply for a canal is 
drawn from the great rivers at their debouche from the 
mountains. At Myapoor is a masonry dam across 
the Pyree branch, 517 ft. in length, and a regulating 
bridge of 10 arches, each 20 ft. wide, across the 
channel of the canal. The width of the canal at its 
head is 140 ft., with a depth of 10ft.; it has a fall 
throughout of 15 in. per mile, the ascertained mean 
velocity of the current varying from 4.04 to about 
3 ft. per second, with only two-thirds of the full 
supply of water. This velocity has proved more than 
the soil, where sandy, could stand, and has caused in- 

jury to the bed and sides of the canal, as well as to 
some of the bridges. 

From Myapoor to Roorkee the greatest difficulties 
were met with, owing, firstly, to the great slope of the 
land; and secondly, to the drainage of the country in- 
tersecting the canal at right angles. ‘The fall of the 
canal being much less than the natural slope of the 
country, the excess in the latter had to be disposed of 
by the construction of a series of masonry falls, thus : 





Four such falls, each of 9 ft. in depth, were required 
between Hurdwar and Roorkee—a distance of about 
24 miles—and the prolongation of the fixed general 
slope of the bed from the foot of the most southerly 
of these falls, delivers the channel on the edge of the 
Solani Valley 274 ft. above its lowest level. Across 
this valley the canal is carried on a viaduct embank- 
ment of about 3 miles in length, and across the river 
by a masonry aqueduct having fifteen arches of 50 ft. 
span each. ‘The entire length of the aqueduct, earthen 
and masonry, is 14,629 ft.; the channel on this distance 
eing on a section of 140 ft. in width at the bottom, with 
side slopes on a depth of 12 ft., equal to 14 tol. The 
piers of the masonry aqueduct are 10 ft., and the 
abutments 21 ft. in width, the latter being flanked by 
wings connected to, and continuous with, the revete- 
ments and embankments of the earthen aqueduct. The 
extreme width of the masonry aqueduct is 192 ft., 


=p ; ie at Ne ‘ iminish to 20 ft. by 5 ft., and 18 ft. 
and length 932 ft.; the foundations for its piers, &c., at Nanoon, and diminish to 20 ft. by 6 &., and 18 8 


consist of 338 blocks of masonry, cubes of 20 ft. sides, 


2 a, which junctions : ected by a series of 
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below the bed of the stream, and pro navigable locks. 


tected by sheet piling with a masonry apron, front and 
rear. The total cost of the aqueduct was 349,647, 
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amongst other things, 10,754,218 cubic feet of 


of earthwork. 
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ym discharges its flood waters through well-marked ” 


are passed across the canal bed, there being a dam o 


drainage of minor channels, of from 2U to 150 ft 


for the passage of boats. 

At Roorkee, workshops were erected for the pur- 
poses of the canal works. They have since been con- 
tinued, and supply many most important wants both 
for the public service and the general community ; 
attached to them is now a college of Civil Engineering, 


partment in India are, to a certain extent, recruited. 
In the several works from Hurdwar to Roorkee, the 


used. . 


of Roorkee, the most difficult and dangerous part of its 
course is passed; henceforward it follows the general 
level of the surface of the Doab with the aid of occa- 
sional masonry falls. From Roorkee the country is 
mostly of a sandy nature, and has a fall constant in 
direction but variable in amount at different parts; 
from Meerut southwards the slope is throughout but 
little more than 1 ft. per mile, and ultimately below it. 
In this tract innumerable catchment valleys interfered 
with the canal alignments, in consequence of which, 
and in order to interfere as little as possible with their 
outlets, the direction of the canal is made coincident 
with that of the highest land or watershed of the tract 
of country through which it is carried ; the heads -of 
drainage lines have been turned so that interference 
with the natural escape of flood waters has been 
avoided, but in cases where this was not practicable 
an efficient escape is provided, and the intercepted por- 
tion of the drainage is directed away from the canal. 
No drainage water is in any ease admitted directly 
into the canal except in the immediate vicinity of the 
canal works. 
From Roorkee southwards the slope of the bed is 
regulated by masonry falls where necessary, and round 
each fall a nayigable channel with a lock, both 16 ft. 
wide, is carriéd for the purpose of transit. Bridges 
are built at intervals of about 3 miles throughout the 
length of the canal, with available headways varying 
from 5 to 12 ft., and to each bridge is attached the 
head of a Rajbuha, or main irrigation channel by which 
water is carried to adjoining villages. 

The width of the canal at its head is 140 ft., with a 
depth of 10 ft.; these dimensions gradually diminish, 
until at Nanoon—180 miles distant—it is only 80 ft. 
broad, the volume of water being diminished in its 
course by three branches called the Futteghur, Boo- 
lundshuhur, and Koel branches, which leave the main 
canal respectively at the fiftieth, one hundred and 
tenth, ol one hundred and fifty-second mile from its 
head. The two latter branches ultimately join, and 
form what is termed the Hatras line of irrigation. 
Each of these branches is designed, like the main 
canal, for the purposes both of irrigation and naviga- 
tion. At Nanoon the canal branches into two separate 
and independent terminal lines, one directed on the 
Ganges at Cawnpoor, and the other on the Jumna at 
Etawah. These lines are each 80 ft. wide by 8 ft. deep 


by 5 ft. respectively at their junctions with the Ganges 


The following is the distribution of the whole body 


c. ft. 
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mnels, intersecting the canal at right angles, neces- 


sitated arrangements for their crossing the canal ; ac- 
cordingly the floods of the Ranipoor and Puthri| is omitted, as the country is supposed to be, for that 
channels are carried over it by means of low massive | distance, under the influence of the main line as far as 
aqueducts ; those of the Solani are passed under it, as | irrigation is concerned. 

above described ; whilst those of the Ruthmoo drainage 


In this calculation the first 5 miles of each branch 


Along the total length of the canal and its branches 
f} there are distributed 17 side dams, or escapes, with 


inlet on the up stream, and one of outlet on the down | waterways varying from 800 to 18'ft.; 202 bridges, 
stream side, each with a waterway of 800 ft. The] with waterways from 200 to 20 ft. ; 297 inlets, for local 


.| or minor drainage ; 16 falls, for regulating the slopes ; 


waterway, is received into, and passes along the canal|31 locks and channels, for navigation; and 282 
itself; in order, however, to regulate the supply from | Rajbuha heads, for irrigation. 

the flood channels as occasion may require, each dam 
has a regulating bridge with gates, so that by closing | over the dam at Myapoor on the 8th April, 1854. In- 
the gates of the bridge and opening those of the dam, 
the whole canal supply can be made to pass over the} mounted messengers, stationed 5 miles apart, who 
latter, and the channel below be kept nearly dry. Along-| conveyed the intelligence from Roorkee to Meerut, 
side the main canal in its passage through the Ganges | whence it was transmitted to Calcutta by electric te- 
Khadir (low or alluvial lands), a small parallel canal | legraph. 

of about 6 miles in length has been constructed, with 
locks, &c., for the purposes of navigation, the velocity | 6572 miles of main canal, 2739 miles of Rajbuhas, and 
of the stream in the main course being here too great | 84 miles of escape drainage cuts; making a total of 


he canal was opened by the admission of water 


formation of the event was forwarded by relays of 


Up to the present time there have been completed 


34802 miles of works. The ascertained discharge of 
the canal at Roorkee is 4028 cubic feet per second. 
The amount of land hitherto brought under irrigation 
by it is 450,000 acres, and the total expenditure in- 
curred has amounted to 2,050,000/., for which the 
highest annual return hitherto received amounts to 


whence the different ranks of the Public Works De-| about 1 per cent. on the outlay. 


The canal was designed and carried out, until 1854, 
by Colonel Sir Proby Cautley, K.C.B., now a member 


total amount of masonry is 19,866,540 cubic feet, in} of the Council for India; ‘and, after his return to 
the construction of which 211,524,530 bricks were | England, the works were placed under the superin- 


tendence of the late Lieutenant-Colonel Baird Smith. 


«When, the aqueduct channel rests on the high land | The following officers have also been ‘employed on the 


canal and assisted in its construction, viz.: Major- 
General Baker, member of Council; General Goodwyn 
and Lieutenant-Colonels Yule and Strachey; all four 
of whom have successively occupied the position of 
Secretary to the Government of India in the Public 
Works Department. 








TRIAL OF A TRACTION ENGINE. 


On Monday last an interesting experimental trip 
was made with one of Messrs. Aveling and Porter’s 
traction engines from Rochester to Harbourne, near 
Tenterden. It had been proposed to establish a regular 
service of traction engines for conveying produce from 
those parts of the country which are not in direct com- 
munication with a line of railway, to a convenient rail- 
way station; and the experimental trip we have men- 
tioned was made with a view of determining as nearly 
as possible the cost per ton, per mile, of conveying 
goods in this manner. Vy 

The engine employed was one of the pair which were 
recently used for taking the base of the Wellington 
Memorial from Readingo Strathfieldsaye. It is one 
of the largest size, mage by Messrs. Aveling and Porter, 
and is of the usual Well-known pattern of that firm. 
It has a single cylinder 11 in. in diameter, with a stroke 
of 14 in., this cylinder being surrounded by a steam 
jacket in direct communication with the boiler, on the 
top of which it is bolted. The steam for working the 
engine is drawn from the steam jacket, which thus acts 
the part of a dome, the regulator valve being placed on 
the top of the steam chest. The crank shaft, which 
is provided with a heavy flywheel, carries a pinion 
near each end of it, these pinions, which are of different 
sizes, sliding on feathers, so that either of them can be 
placed in gear with its corresponding wheel on a second 
shaft, and two different speeds can thus be obtained. 
To keep the pinions either in or out of gear, Messrs. 
Aveling employ leather straps, witn pieces of iron 
rivetted to them, these straps being buckled round the 
shaft on whichever side of the pinions they may be re- 
quired. The plan is a very simple one, and is found 
to answer well, there being no possibility of the pinions 
being accidentally shifted along the shaft by the jolting 
of the engine. The second shaft carries, besides the 
two spur wheels into which the above mentioned 
pinions gear, a chain pinion which takes hold of a 
pitch chain passing round a chain wheel keyed on the 
axle of the driving wheels. The bearings of the second 
shaft are carried in slots curved to an are struck from 
the centre of the crank shaft, so that the second shaft 
cattbe raised or lowered to adjust the degree of tight- 
ness of the pitch chain without interfermg with the 
action of the gearing. The driving wheels are 6 ft. 
6in. in diameter, and 18 in. wide on the face; they 
are both loose on the axle, and are each driven by 
means of a pin which passes through a hole cast in a 
projecting part of the boss of the wheel and also, on 
the one side of the engine, through a hole formed in 





a oe aid 6750 the boss of the chain wheel. On the other side of the 
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engine the pin passes through the driving wheel boss 
and into a casting keyed on the axle, this casting form- 
ing the drum upon which the brake acts. The bear- 
ings of the driving axle are fixed to the side plates of 
the firebox, which are extended backwards for that 
purpose. The front wheels are 4 ft. in diameter, and 
12 in. wide over all, with a central rib 4in. wide. The 
engine is guided by one of Messrs. Aveling and Porter’s 
well known steering wheels. No springs are employed, 
and on a good road they seem to be quite unnecessary. 

The boiler is made with a flush firebox and contains 
77 tubes, 24 in. indiameter outside, and 5 ft. 6 in. 
long. ‘The tube surface (external) is 249 square feet, 
and the firebox surface 51 square feet, making the total 
heating surface 300 square feet. The water is carried 
in two tanks, one placed under the barrel of the boiler 
in front of the firebox, and the other (which is the 
larger of the two) under the footplate. They contain 
together 369 gallons. ‘The coal js carried at the back 
of the footplate, where there is room for about 12 ewt. 
The engine is fitted with ordinary shifting link motion, 
the valve being made to open full port when working 
in full gear. The weight of the engine when empty is 
12 tons, and of this weight nearly the whole rests upon 
the driving wheels. 

On Monday last the engine left Rochester at 5.55 a.m. 
with a load consisting of three wagons and a timber 
carriage. The wagons weighed 2 tons each, and 


contained altogether 5 tons of lime, 2 tons of oil cake 


in barrels, 3 tons of broken rag stones, and 5 tons of 
coal; making the total weight of the wagons and load 
21 tons. The timber carriage carried 5 tons of deals. 
Soon after leaving Rochester a stop of ten minutes was 
made in order to adjust the slide valve, and upon the 
arrival of the train at Matson’s Farm about 14 a from 
Rochester, the timber carriage was disconnected in order 
that the engine might be enabled to perform the greater 
part of the remainder of the journey in the quick speed 
gear. This entailed a further loss of ten minutes, and 
the second milestone from Rochester was consequently 
not passed until 7.10; the third milestone was passed 
at 7.30. At Bridgewood Gate a stop was made for 
water, and 253 gallons were taken in, the time lost 
being 25 min. Another stop, of 22 min., was made 
at Sandling for oiling the wagon wheels, and for 
water, 179 gallons being taken. ‘lhe engine arrived at 
Maidstone at 10 a.m., and was steered with its train 
through the streets of the town with the greatest ease. 
Soon after leaving Maidstone a stop was made, and 
193 gallons of water were taken in; and at the same 
time the cylinder cover joint was re-made in order to 
stopa leak. It was, however, found that the leak pro- 
ceeded from the steam-chest cover, which could not be 
safely removed without lowering the steam, as the 
spring balance of one of the safety valves was attached 
to it. ‘The time lost by this stop was 33 min. The 
eleventh milestone from Rochester was passed at 
11.58 a.m.; the twelfth at 12.20, and the thirteenth at 
12.38 p.m. At 12.50 the engine arrived at Sutton, 
where a stop of 50 min. was made for refreshments. 
Another start was made at 1.40, and the fifteenth mile- 
stone was passed at 2.11; soon after which another 
stop of 11 min. was made for water, and 220 gallons 
were taken in. At Headcorn an additional 10 ewt. of 
coals were obtained, the time lost amounting to 20 min. 
The nineteenth milestone was passed at 3.45, and the 
twentieth at 4.0; another stop was then made for 
water, and 165 gallons were taken in 9 min. The 
twenty-second milestone was passed at 5.6, and soon 
afterwards the last stop was made for water, and 220 
gallons were taken in, the time occupied being 12 min. 
The engine arrived at the end of its journey at Mr. 
Latter’s farm at Harbourne at 6.30 p.w., the total 
distance run having been twenty-six miles. 

The stops made amounted altogether to 3 hours 
22 min., and this time subtracted from 12 hours, 
5 min. the time on the road, leaves 9 hours 13 min. 
as the time during which the engine was actually in 
motion. The average speed, deducting stops, ‘was 
therefore nearly three miles per hour, and between the 
eighteenth and the twentieth milestones, where the 
road was in excellent condition, the speed was over 
four miles per hour. The engine, on leaving Rochester, 
carried 6 ewt. of coals in sacks, in addition to 12 ewt. 
in the coal space, and, as we have already stated, an 
additional 10 ewt. were obtained at Headeorn. The 
total quantity supplied to the engine during the day 
was thus 28 ewt., and of this 6 ewt. remained at the 
end of the journey, 23 ewt. having been used for the 
26 miles, or very nearly 100 Ib. per mile. On the 


» 
Os 


arrival of this engine at Sutton, after a distance of 


nearly fourteen miles had been traversed, it was found 
that 12 ewt. of coals had been consumed: this gives an 


} 


averave for the first part of the journey of 96 Ib. per 





mile, an amount which differs very slightly from the 
total average. The quantity of water used during the 
journey was 1512 nt arn 369 gallons being contained 
in the tanks when the engine started from Rochester, 
1230 gallons being taken up on the road, and 87 
gallons remaining in the tanks at the end of the trip. 
This 15,120 lb. of water divided by 2576, the number 
of pounds of coal used during the journey, gives 5.87 lb. 
of water evaporated by each pound of coal. The total 
cost of working during the trip was as follows : 


£24 
23 ewt. of coals at 1s. per ewt. a 5 1 3 0 
Oil and cotton waste ... whe 3 6 
Labour. 
Driver a _ sis oa a 
Steersman aon eae oes or 
Attendant sme Pie ads ae 
Lad with flag ... ose oes oa 2 8 
— 13 0 
Allowance for wear and tear of engine and 
wagons valued at 800/. taken at 20 per cent. 
for one day ... aon ‘an ‘on re -8 9 
Interest at 5 per cent. on 8002. spread over 
250 working days, for one day eee awe © 
#211 9 


In addition to the above expenses the sum of 
2/. 3s. Gd. was paid for turnpikes, which raised the 
total cost of the trip to 4/. 15s. 3d. The net load was, 
as we have already stated, 15 tons, and the distance 
traversed 26 miles, so that the total cost per ton per 
mile was 2.93d.; this being made up of 1.592d. per ton 
per mile for actual working expenses, and 1.33Sd. for 
turnpikes. The total cost per ton for the whole 
journey was 6s. 4d., a sum we believe only about one 
third of that charged by the ordinary cagrier over the 
same road. On Monday the roads were in excellent con- 
dition, and the weather was very fine so that the cost of 
working was probably something less than it would be 
under average circumstances, but on the other hand a 
good deal of steam was wasted through the leaking of 
the steam chest cover joint and through one of the 
safety valves blowing off below the proper pressure: 
one of the bearings of the second shaft was also hot part 
of the time. Altogether the trial seemed to prove that 
traction engines may be employed very economically 
in the capacity of tenders to a line of railway, bringing 
down agricultural produce to a convenient station, and 
taking away coals and other heavy merchandise, the 
load drawn being about one and a half times the weight 
of the engine. As shown by the above results the 
turnpike tolls form an important item in the total cost 
of working, but we should think that in very few cases 
would they amount to so large a sum for the distance 
travelled, as they did on Monday. During the whole 
of the trip the engine made an abundant supply of 
steam, and had the load under perfect control; it was 
run generally in the quick aul gear, but on some of 
the steeper hills the slow speed gear was employed. 
On leaving Sutton, the train had to pass down a very 
steep hill, the inclination being 1 in 8 or 1 in 9; and 
the engine was stopped when about half way down, in 
order to show that the load was completely under com- 
mand. Although the engine had but a single cylinder, 
uo difficulty was experienced in making a start, the 
pitch chain being kept rather loose. We may mention, 
in conclusion, that generally, the horses met upon the 
road took but little notice of the engine, fn there 
seems to be no doubt but that, when the use of traction 
engines becomes more common, horses will soon be- 
come familiar with them, and no inconvenience what- 
ever will be experienced. 


STEEL-HEADED RAILS. 
(Extract from a paper by Mr. Paulus, Chief Inspector of 
the Southern Railway of Austria.) 

Tux works belonging to the Southern Railway Com- 
pany have introduced the Bessemer process for the 
manufacture of rails, and now make rails with steel 
heads welded to the iron bottoms, the latter made 
from old rails. The possibility of welding Bessemer 
steel to iron has been much doubted, and all results 
obtained in that direction have been more usually con- 
sidered as experiments incapable of allowing a regular 
and uniform manufacture on a large scale. Such 
opinions are not unnatural, since there are works in 
existence which produce Bessemer steel of a very irre- 
gular and doubtful quality, and since there are con- 
tradictory reports spread everywhere as to this pro- 
cess, while only few persons have an opportunity of 
satisfying themselves from personal experience of its 
success. 

The possibility of welding Bessemer steel to iron 
may be said to form the basis of the rail manufacture 





at Gratz, in Austria, since these works were intended 


to use up the old rails of the line. The results gb. 
tained at Gratz are very satisfactory. The rails with 
Bessemer steel heads have been tried in many differen; 
ways. They have been broken and bent ‘under the 
steam-hammer, exposed to a white heat, and then sud. 
denly plunged into water ; they have been laid down on 
the most trying places on the line, and have proved 
the welding to be perfect in every respect. 

The process of welding and rolling is carried on with 
verfect regularity, rails being welded and rolled at one 
Peat, the same as rails with iron heads. Of course a 
bad weld is made every now and then, but this is the 
case also with rails made of other materials. ‘There js 
only one way of getting rid of all imperfection ia weld. 
ing, viz., to roll a rail of one solid block of Bessemer 
steel. ‘This too is the easiest way of doing it. Butas 
long as we have no better mode of using up old rails 
than that above named, it will be more economical to 
follow the example of the Southern Railway. Even 
with rails of steel the necessity of welding up the old 
rails must arise sooner or later, since the remelting of 
such rails would be too expensive, with all the means 
hitherto in practice. 

The cost price of rails with steel heads in Gratz is 
at present about 12/. 10s. per ton, the price of Besse. 
mer steel ingots at Gratz being 11/. ; but these prices 
will be considerably reduced in future The different 
kinds of pig iron in Styria give very different results in 
working, some taking 29 minutes, with an air pressure 
of 18 to 24 1b. per square inch, some others going 
through the process in 14 minutes, with 15 to 16 lb, 
blast pressure ; yet all the qualities of grey Styrian iron 
are suitable for the Bessemer process, and only the 
white iron has not till now been worked successfully for 
making steel. ; 

The tewacit$ of. steel from Styrian iron, with about 
83 percent. of Sgen “ spiegeleisen” added, has been 
ascertained to range between 95,750 lb. per square 
inch., with 13 per cent. longitudinal extension, and 
125,262 lb. per square inch, with 5 per cent. longi- 
tudinal extension, the breaking strain being about 
double, and the extension half that of the best Styrian 
bar iron. s 

To Mr. Paulus’s remarks, as above, we may add that 
Bessemer steel tops have been somewhat extensively 
welded to wrought iron rails at Crewe, but. although 
we have seen what appeared to be excellent results, we 
are not certain that they are regularly obtained on the 
large scale. Captain Webb, otf the Crewe works, has 
a patent for thus welding Bessemer steel to iron, by 
the employment of a layer of puddled iron as a kind 
of flux between them. 








THE BENEVOLENT FUND OF THE 
INSTITUTION OF CIVIL ENGINEERS. 

To the benevolent fund which was established little 
more than a year ago, by the members and associates 
of the Institution of Civil Engineers (and to which any 
person may contribute), 22,832/. 17s. had been paid in 
up to the end of last year, besides 712/. 16s. in annual 
subscriptions. Seventeen gentlemen have subscribed 
and paid sums of 500/. each, seven have given 300/. each, 
twenty-seven 250/. each, one 200/., one 150/., thirty- 
four 100/. or 105/. each, while the remainder of the 
total amount is made up of smaller subscriptions, some 
of them as little as twenty shillings. Upwards of 
21,0007. have been invested in railway debentures and 
railway and preference stock; the largest single sum, 
5999/. 19s., being invested in Great Eastern Railway 
debenture stock. We cannot help thinking that many 
of the subscribers to the fund will wish that this sum 
had been otherwise invested, although the security 
may be unimpeachable as yet. 

In the annual income account, 1035/7. were received 
last year, grants to the extent of 560/. were made, 
various disbursements consumed 90/. more, and a 
balance of 385/. remained. Upon the priceless value 
of this fund we need not enlarge. Its beginning was, 
we believe, due to the exertions of Mr. Bramwell, and 
how well these have been responded to, appears from 
the statistics we have given. 

The trustees of the fund are Sir Samuel Morton 
Peto, Bart., M.P., Mr. John Robinson M‘Clean, and 
Mr. Thomas Brassey. The Committee of Management 
is formed by Mr. John Fowler, Mr. John Aird, jun., 
Mr. George Berkley, Mr. Joseph Cubitt, Mr. Charles 
Hutton Gregory, Mr. Thomas E. Harrison, and Mr. 
John Robinson M‘Clean. 








Froatine Dock at Sr. THomas.—Messrs. N. Scott Russell 
and Co., of Cardiff, are the contractors for a new floating doek at 
St. Thomas, and of which the first poutvon was successfully 
launched on the 12th ult. 
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WATER AT FRANKFORT-ON-THE- 
MAINE. 

A sMALL proportion of the 80,000 inhabitants of 
Frankfort-on-the-Maine are furnished with a limited 
quantity of water from three different works, two of 
which are fed by large springs in the upper suburbs of 
the city proper, respectively named Weidenborn and 
Knoblauchsfeld ; the third, called Seehofsprings, is 
situated in the suburbs of Sachsenhausen, on the other 
side of the River Maine, and its water is used by the 
inhabitants there. All three are simple reservoirs, built 
on the rising ground from which the springs issue, and 
which discharge directly into them; small wooden 
pipes bring the water to the city. The total quantity 
supplied by these springs under the most favourable 
circumstances is about 29,000 cubic feet daily. 

To provide for the pressing need of pure water two 
different schemes are now under ‘discussion, the adhe- 
rents and advocates of each of which are extremely san- 
guine of success. Besides these, another scheme was 
first proposed. It was to bore for an artesian spring 
of a diameter sufficient to supply the town, and Mr. 
Kind, an engineer from Saxony, who bored the well- 
known artesian spring of Passy, which partly supplies 
Paris with water from a depth of 1870 ft., was invited 
by the authorities to make a similar attempt at Frank- 
fort. 18,6112. was appropriated for this purpose, and 
Mr. Kind’s demand of a remuneration of 25001. in 
case of suecess, and of but 585/. in case of failure, was 
acceded to. When, however, it was in a measure as- 
certained that after this considerable outlay, which was 
to be the cost of a boring of 2000 ft. deep, it was by 
no means certain that water would be found, and that 
when found it was certain to be of the lukewarm tem- 
perature of from 62° to 63°, and possibly charged with 
all sorts of mineral compounds; making it unfit for 
drinking, a great clamour was raised. The “ Board of 
Works” wisely abandoned this scheme in time, and 
adopted that of Dr. Volger, a geologist of Frankfort, 
who has made this branch of science his especial study, 
andis a man of sound learning and great repute. His 
plan is to seek for water in the sandy plains which lie 
at the foot of the Taunus Mountains, between three 
and four miles from the city, his theory being that the 
atmospheric waters, rushing down thé mountain slopes, 
must saturate this sand, aud collect ‘in great quantities 
below, on top of the rock and 10am’ strata which un- 
derlie it, and being filteréd by this sand-bed, whith ‘is 
from 150 to 180 ft. deep, that the water must"be ‘very 
pure, and have a temperature not eXéeeding 46%. ‘He 
therefore proposed to ‘sink ‘a number ‘of wells, disfri- 
buted over the plain, from which the water collected in 
them is to be pumped up. Dr. Volger is so sanguine 
of success that he has contracted with the authorities 
to construct these wells for 4585/. within the present 
year, under the condition that they furnish a daily 
supply of 100,000 cubic feet, and under forfeiture of 
all outlays, which are in the mean time to be entirely 
met by himself. In case of success, however, his ex- 
penses até'to be repaid to Kim, ‘with 16662. as’ an hono- 
rarium, and 'a like Sum ‘in’ addition for’ évety hiindred 
thousand up to half a ‘inillion” cubic feet’ Ms ‘wells’ will 
yield ; in ‘Which tase his‘ profits will amount 'to’8330/. 
Besides this, lie is to ré¢eivé a compensation during his 
lifetime of one florin (say 2s.) per diem for every 
10,000 cubic feet he furnishes the city daily. In 
furtherance of this contract, Dr. Volger has purchased 
the necessary apparatus, and made borings thus far at 
three different places, but unfortunately without suc- 
cess. In one case he has struck rock at a dépth of 
182 ft., but found only a little quantity of water, and 
that unfit for use. Thus, though bis theory is approved 
by every member of his profession, and he is deter- 
mined to persevere so far as his own means and bor- 
rowed money will allow him, it would séem from these 
three trials, made on spots of his own selection, that 
the lower part of this sand-bed is not. so generally satu- 
rated and charged with great quantities of good water 
as he had predicted.* At any rate, though it still may 
turn out well, few’ have any faith in it. 

This prevailing opinion has started project number 
two in the field, which is proposed by Dr. Kerner and 
by an engineer, Mr. P. Schmick, and backed by 
Freiherr von Bernus, a senator of Frankfort and a 
capitalist. Their plan is to bring the water of four 
arge springs, viz., the Wolfer, the Stadter, the Breiten, 
and the Gettencreek springs, by means of an aqueduct, 
to the city. These springs are situated some twenty- 
four miles distant, in a north-westerly direction, from 
Frankfort, on the southern slope of the Vogelsgebirge 
or Bird’s Mountain, a spur, 2400 ft. high, of the divid- 
ing ridge between the Maine and Weser rivers. They 
Yield abundant water, now flowing to waste in 


about 15 eubie feet per day to every inhabitant), of a 
temperature of from 44° to 46°, according to the 
season, and of the purest quality. By evaporation, a 
residuum was found weighing | in 10,000 of water, 
composed of chloride of calcium and sulphate of lime, 
with a trace of common salt. An obstacle lies in the 
way, however, of making this water available, in the 
fact that the springs are situated upon foreign territory, 
namely, in the Grand Duchy of Hesse, which must first 
be removed by the slow and tortuous course of German 
diplomacy. But in the mean time, Senator von Bernus, 
anticipatmmg eventual consent and right of way from 
the grand » Eg has purchased conditionally the springs 
and the lands through which the aqueduct must pass. 
The subject forms the principal topic of debate (and 
has done so for the last four weeks) in both the 
chambers by which the republic of Frankfort is governed, 
but no indications of an early successful termination is 
yet apparent. There is no doubt, however, but the 
scheme will eventually be carried and executed, in case 
Dr. Volger’s project has absolutely proved to be a 
failure. 





AUSTRIAN LOCOMOTIVES. 


TE locomotive practice of the Austrian engineers 
differs considerably from our own. In some respects 
it embodies features which English engineers do not 
approve of; but in the experience of Herr Engerth 
and Mr. Haswell—and their experience is largé—their 
specialties of design are at last found to answer. 

An attentive correspondetit at Vienna has kindly 
sent us tracings of the new goods engines lately made 
for the Emperor Ferdinand’s Northern Railway. They 
are outside cylinder, six-coupled éngines, weighin, 
with water 28 tons 7 ewt.; and, although the whee 
base is but 9 ft. 10} in., with the firebox overhung, 
this weight is very equally distributed, being 9 tons 
12 ewt. for the leading wheels, 9 tons 5 ewt. for the 
middle pair, and 9 tons 10 ewt. for the driving wheels, 
whith are next the firebox. The diameter of the 
wheels is 4 ft. 12in. The dimensions ate given us in 
Austrian feet and inches, which we render into English 
measure, the Austrian foot being 1.0371 English feet, 
or slightly ‘more than “I'ft. yin. “The cylinders ‘are 
17.11 m. m diameter; for a°Q'tt.' Pin. ‘stroke, and their 
distance apart, ‘across 'the engine, “is no’ Jess Yan 
7 ft. 94 in., this great Spread ‘heme dué to'the employ- 
ment of outside: framing and ¢éupling’ cranks.’ ‘The 
gatige, we’ should say, is the’ ordiiaty narrow gaugé of 
4ft.8}in. ‘The extreme width of the engine is across 
the covers ofthe slide valve boxes, and is 16 Jess than 
9ft. 9Fin., thé cetitres of the’ valve spihdles being 
8 ft. 10} in. apart. These extreme widths, and which 
English engineers are accustomed to regard as ob- 
jectionable, are among the more striking features of 
the Austrian practice. They are due to the use of 
outside framing; and this, too, we have long since 
abandoned, as inferior to inside fratiing, especially 
Whiere outside cylinders are ‘adopted. fe  Aeisteinn 
outside framing is a compound sfructare ‘of plate iron 
and ‘bars rivetted togethien” whereas we prefer’ solid 
frames. If the outside framing has ‘any advantage 
where outside cylitiders are employed, it must be that, 
being nearer'to the cylinders, a strong fastening of the 
cylinders ‘may be obtained. In this case the frames 
are 5 ft. 10}im. apart between their centres, as mea- 
sured across the width of the engine. The smoke- 
box, which is circular, is fastened very strongly to 
them by bolts and rivets, and they are also strongly 
secured to each other under the smokebox. 

The boiler is of Krupp’s steel plates, one-third of an 
inch thick, tivetted with iron rivets. It is ‘4 ft. 13 in: 
in diameter, and contains 165 brass tubes, 243; in. in 
diameter, and 13 ft. 6 ins long.’ We frequently hear of 
the use of steel boiler plates abroad, although we hear 
but little of their use in England, and that is not at all 
favourable to their use. 

Mr. Ramsbottom is using Bessemer steel for the 
fireboxes of some of his shunting engines, but these 
fireboxes are like the circular flue of a Cornish boiler, 
the outside of the boiler being cylindrical from end’ to 
end. When used in square fireboxes, and flanged, the 
same steel, and other steel of like quality, has, on two 
occasions within our knowledge, cracked through when 
the engine was standing, and ¢old, in the shed; and in 
each ease the crack was attended with a report like 
that of a pistol, and the fracture was as “short” as if 
it had been in glass. Still, these cases do not apply 
to the use of steel for the outer shell of thé boiler. ‘The 
pressure in the Austrian engines is but 100]b. per 
square inch; whereas, with iron plates of one-half 
oreitér thickness, the engines of the North London 


working at 160 1b. The firebox of the Austrian engine 
is made for burning small coal, and is 4 ft. 119 in. 
long inside, and owing to the use of inside framing 
the unusual width of 3 ft. 8$in. is obtained, thus 
giving upwards of 18} square feet of grate area. The 
firebox is of copper, with iron stay bolts pitched 4 in. 
apart, each way, from centre to centre. In English 
practice, iron staybolts give trouble by leaking and 
breaking. The whole tube surface is 1204.6 square 
feet, and the firebox surface 86 square fect. The grate 
for small coal is formed of thirty bars in the inside 
width of the firebox, or 3 ft. 8$in., and it is slightly 
inclined towards the tube plate. 

The smokebox ‘end of the boiler being fastened 
securely to the framing, provision has to be made at 
the firebox end for expansion and contraction. The 
framing, too, is about 8 in. ¢lear of the firebox on each 
side. A plate-iron bracket, therefore, rivetted up so 
as to have suflicient strength, is secured to wd ex- 
tends outwards from each side of the firebox, but in- 
stead of bearing upon the top of the frame, it rests 
upon a block hung to the frame bya pair of suspension 
links. The range of expansion and contraction, from 
the smokebox to the mid-length of the firebox, is about 
ys in., and these links easily provide for this or any 
greater amount’ of motion. the brackets, moreover, 
fill up the whole space between the firebox and the 
inside of the frame on each side, and are also hooked 
over the top of the frame, although they do not bear 
upon it, so’ that lateral ‘steadiness is secured for the 
firebox between the frames. 

The feed water is more or less impure, but to sepa- 
rate some of its impurities Mr. Haswell first injects it 
(the injector being used) into a chamber or pocket 
formed upon the inner surface of the barrel of the 
boiler, some clearance being left between the tubes 
and the inside of the barrel. This pocket extends from 
nearly 12 in. vertically below the centre of the barrel 
to 20 in. above it, and extends for about 18 in. in the 
direction of the length of the barrel. The water first 
enters this pocket, and, filling it, overflows at the top, 
and falls, through the steam, into the body of water 
below.” The apparatus depends for its action upon 
the fact that, wie subjected to the heat and pressure 
of steam, water precipitates some of its impurities. 
These accuintlate-in the pocket and in a small cylinder 
rivetted' to' thé ‘barrel of the boiler, this cylinder having 
a handhdle'fér rénioving the deposit. The principal 
teceptacle'of sediment is the cylinder referred to, 10 in. 
in diameter and early a foot long, and as our corre- 
spondent infortns us that this requires to be cleaned 
out ‘once in “twenty days, it evidently serves a good 
purpose; as‘it' is not certain that the same impurities 
would be all removed by blowing out. 

The chimney is very large, being 17.11 in. in dia- 
meter and 7 ft. high. From the exhaust port of each 
cylinder an open pipe of.small bore extends downwards 
to carry off water. As this is always ay it gives the 
idea ‘either that the boiler primes, or that there is con- 
siderable’ condensation ‘in ‘the cylinders. Mr. J. V. 
Gooch, we ‘believe, dice “employed alike pipe in his 
outside cylinder engines on the former Bastern Counties 
Railway.’ rs ia salah 

We one mentioned that coupling cranks are em- 

ployed, the framing being outside the wheels. These 
cranks are of Krupp’s steel, and instead of the journals 
being formed upon the axles, the cranks are fitted close 
up to the wheels, and the journals formed around the 
bosses of the cranks themselves. As nearly as we can 
measure the tracings before us, the journals, thus 
formed, are only 54 in. long, while they are nearly 9 in. 
in diameter. Coupling cranks, with the journals formed 
upon their bosses, were used, as many of our readers 
will recollect, in the Austrian engines exhibited in the 
International Exhibition of 1862. In the present case 
the’ éotpling cranks of the driving wheels have a return 
crank’ to accommodate the eccentrics, which are outside 
the connecting rods, as is the case in many French 
engines, the links, reversing gear, &c., being, of course, 
outside also. ' 
We are informed that these engines take a load of 
635 tons on an ascent of 1 in 600, at a mean speed of 
3 Austrian, or 14 English, miles an hour, and working 
at this rate they consume about 65 lb. of small coal per 
English mile. 











Warterrroor Surets.—The sheets used for covering railway 
wagons are rendered waterproof by coating them with a compo- 
sition made of 95 gallons of linseed oil, 8 lb. of litharge, and 
7 lb. of umber, boiled together for twenty-four hours. The 
mixture may be coloured by the addition of 8 lb. of vegetable 
black. Each sheet is commonly made of 43 yards of canvas, 
2ft. Gin. wide, and worth about 1s. 6d. per yard. The strips 
are sometimes sewn together by hand, and sometimes by a 
machine. A sewing machine will make about five sheets per 








Nidda, a tributary of the Maine (indeed, enough 


and of the Great Northern railways are now regularly 


day. The average cost of the sheets, finished, is about 3/. cacl. 
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THE METROPOLITAN DISTRICT RAILWAY. 


Tue works of the Metropolitan District Railway, of which 
Mr. John Fowler and Mr. T. M. Johnson are the engineers, are 
now being ayer | prosecuted in Cannon-street, Kensington and 
Westminster, and are enriched with good examples of special 
construction, designed to provide against interference with ex- 
jsting structures, where these are approached. In the formation 
of metropolitan railways, difficulties are encountered unknown 
jn ordinary railway construction. The great cost of land, and 
the impossibility of removing public buildings, enforce the utmost 
care in laying out the line in such a manner that the least 
valuable property is sacrificed, and the best attention to design 
so that no ground be lost in cofstruction, and the greatest ac- 
commodation be secured in the Jeast space. In low level lines 
these difficulties are increased from the fact that in most cases 
the existing surfaces of streets must be permanently retained, 
and the gradients of the railway are therefore in a great measure 
dependent upon them, as well as from the constant occurrence 
of gas and water mains, and sewers, which latter must be either 
diverted, or carried over or under the railway, as the case may 
require. 

In rapidly rising ground, where the gradients of sewers are 
necessarily quick, a vertical deviation in their existing levels is 
but of little importance, but where the fall in the sewer is but 
slight no alteration can be made, and the levels of the railway 
must be designed accordingly. ‘The accompanying illustration 
shows the method adopted to carry a sewer over the Metropoli- 
tan District Railway at a point where there are only 13 ft. 7 in. 
between the invert of the former and the rails of the latter. 

There are several similar examples existing on the Metropoli- 
tan Railway, as at Frederick-street, where the Fleet sewer is 
carried in an iron tube over the line ; at Farringdon-street, where 
the middle level sewer spans the station yard (a length of about 
108 ft.); at Aldersgate-street, in the extension to Finsbury, and 
in other places. 

The King’s Scholars’ Pond sewer, like the Fleet, the Ephra, 
and others, was originally an open tidal stream, flowing from 
Hampstead into the Thames, 

Bricked around, it has become at its outlet the largest sewer 
in London, and until its sewage was intercepted by the Dover- 
street branch of the Piccadilly branch of the middle level sewer, 
it drained an extensive district between Hampstead and the 
river. When the Low Level sewer is constructed, its use will be 
confined to the discharge of storm water collected in it through- 
out its entire length. As the invert of this sewer is about 8 ft. 
below the level of Trinity high water, it is provided at its out- 
fall with flood gates, which are closed while the tide is higher 
than the invert of the sewer, thus turning it into a reservoir for 
several hours during each day. 

The Metropolitan District Railway passes beneath the sewer 
at the west end of Victoria-street, and close to the Victoria 
station. At this point it is 14 ft. across in the widest part, and 
11 ft. Gin. high, of a section nearly identical with that shown 
in Fig. 1, the only difference being that the height at the point 
of crossing is reduced 6 in., as it was deemed necessary by the 
Metropolitan Board of Works to have an independent brick re- 
lieving arch clear of the iron plates, and the crown of the sewer 
was so near the surface of the ground that there was not room 
to construct without reducing the height. 

The entire weight of the iron tube, and the sewage which flows 
through it, is taken by two cast-iron girders of the section shown 
in Fig. 1, and placed 15 ft. 6 in. apart from centre to centre. 
They are 4 ft. 3 in. in depth, and 2 ft. 4 in. wide, across the 
bottom flange, which has an available area of 70 square inches. 
‘They are 32 ft. long over all, and have a bearing of | ft. 6 in. 
at each end, where they rest upon piers 4 ft. 6in., which form 
the sidé walls of the railway at that place. Upon these main 
girders, cross girders, curved to the radius of the invert plate, 
rest and are bolted to them, each by two { in. bolts passing 
through the web of the main girder, 

‘There are four of these cross girders altogether, and they are 
shown in the enlarged section Fig..7, as well as in elevation, Fig, 4, 
and plan, Fig. 2, where it will be seen that they are not at right 
angies to the girders, but skewed so as to be parallel with the 
centre line of the railway. This is done because there is not 
sufficient headway for engines and carriages to pass under their 
bottom flanges, and they are spaced at sufficient distances apart 
to allow of 15 in. clearance between them and the widest 
part of the carriage. 

There are five invert plates, two of which are 5 ft. 9 in. wide, 
two, 8 ft. 3 in., and one 2 ft. 8 in. 

The widest plates are stiffened in three places with ribs 12 in. 
deep and 1} in. thick (Fig. 7), placed longitudinally, so as not 
to interfere with the flow of sewage. ‘There are three of these 
plates in the width of the sewer. Fig. 1, the upper half of 
Fig. 2, and Fig. 3, show the arrangement and connexion between 
the cross girders and between themselves. It will be seen on an 
inspection of Figs. 1 and 2, that the widest plates have two 
brackets cast on to them on each side, which rest on the main 
girders. 

The side plates of the tube are at right angles to the axis of 
the sewer, and are made in lengths of 3 ft. 5 in., with 1 in. metal. 
The upper plates (Fig. 2) are jin. thick and 3 ft. 5in. long, 
and are four of them in the width. The whole of the plates 
laterally and longitudinally are provided with flanges 5 in. wide, 
by which they are connected together with 1 in. diameter bolts 
placed 6 in. apart. All surfaces are truly planed, and the joints 
made good with iron cement. 

The end plates are cut to the same skew as the inver:, where 
the union with the brickwork is effected, and a flange 44 in. 
deep runs round the whole of the tube, to forma key. It will 
be seen in Figs. 1 and 2, as well as details 5 aud 6, that four 
wrought-iron brackets are bolted to the top flange of each mair. 
girder, and to the upper flange of the side plates of the tube, to 
steady the whole structure. With the exception of these 
brackets and the connecting bolts, the work is of cast iron 
throughout, which is less liable to corrosion than wrought iron, 
and as the tube is thoroughly protected, and cannot be exposed 
to any sudden strain, the ouly danger in the use of cast iron is 
provided against. ‘ ; 

A relieving arch of 18 ft. span covers the tube and carries the 
Weight of the roadway. A section of this arch is shown in 
Fig.1. The strength varies from three rings of bricks at the 
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crown to eight rings at the haunches, and is strengthened by | 


made up with concrete, 


, " winch A mou!d box or flask is placed upon tie moulding plate, and 
2ft. Sin. counterforts placed 3 ft. 9 in, apart, the spaces being! the pattern raised until it projects the proper distance through 


the openings in the plate, The sand is then filled in and rammed 


There being no available space to divert the course of King’s | in the usual manner, after which the pattern is lowered by means 
Scholars’ Pond sewer during the construction of the tube, it be- | of the screw and hand wheel leaving the finished half mould. 
came necessary to carry the sewage through a temporary chan- | The moulding plate gives such support to the sand that 


nel of a greatly reduced area, and to build the tube round it, 
This has been done; the sewer being closed (with the excep- 
tion of an opening 6 ft. square) by two brick walls placed about 


40 ft. apart, and the ‘sewage is now conveyed through a wooden | 


trough 6 ft: deep and 6 ft. wide. 


patterns without “draw” can be readily moulded, the edges of 
the mould being kept: perfectly sharp. In moulding plough 
wheels, a loose metal collar is dropped on the shoulder of the 
boss pattern. as shown in Fig. 1; this is leftin the mould when 
the pattern is withdrawn and a smooth and chilled surface is 


Around this the tube will be constructed, and, when complete, | thus readily obtained. 


the trough will be removed, together with the walls which now 
reduce the area of the sewer. 








HOWARDS’ MOULDING MACHINERY. 


| the other part of the machine shown on the left in Fig. 1. 


The flask forming the remainder of the mould is formed in 
This 
consists — of a mandril which is capable of being raised or 
lowered by a lever fixed upon a horizontal shaft furnished at 


| one end with a hand lever. At the upper end of the mandril is 


Messrs. Howarp have for many years paid great attention | fixed the pattern for forming the remaining part of the boss ; 


to the production of good castings in an economical manner, and 
their large foundry at Bedford is very completely furnished with 
labour-saving contrivances, 


these machines Messrs. Huward have more than one hundred at 
work, and it is estimated that their use saves from 1000/. to 


; Amongst these are the moulding | 
machines which form the subject of the present notice. Of | 


| thus rising through a moulding plate in the same manner as the 


other pattern, 

The flasks are kept in their proper position whilst being 
rammed, by lugs which fall into notches made in the edges of 
the moulding plates as shown in the plan Fig.2. Sometimes 
castings with sunk panels have to be made, the panels being 


12001. ef annum, partly by enabling unskilled to be substituted | filled with a web thinner than the remainder of the casing. 


for skil 


ed labour, and partly by producing castings which re-| For moulding these Messrs. Howard make the pattern with 


quire far less dressing off and fitting than those moulded by | openings through it wherever the sunk panels are to occur, and 


hand. 


| shape the moulds by giving increased thickness to the moulding 


One form of these moulding machines is shown in the accom- | plate at those parts. When the pattern has bolt holes in it, small 


panying illustrations; the arrangement of patterns shown being | 1 [ 
that used for moulding plough wheels. Of the two patterns | as to support the sand in the bolt holes int 


provided, one is used for moulding part of the boss, and the 
other the remaining part of the wheel. The pattern for mould- 
ing the wheel is attached to a plate fixed on the top of a hollow 


mandril, or piston, which slides vertically throagh the table of | to change the pattern. ¢ 
| by merely knocking out the keys passing through the bolts which 


the machine and a hollow cylindrical guide fixed below it. This 
mandril, with the pattern, can be raised or lowered by means of 
the internal screw, bevel gear, and hand wheel, shown in Fig. 1, 
the height to which it is elevated being regulated by the screwed 
bar and adjustable nuts, shown on the left of the mandril in tlie 
figure. When the mandril is raised, the pattern, or a portion 
of it, passes through openings made in a plate which forms the 
bottom of the moulding box, these openings being an exact 
counterpart of the profile of the pattern, The moulding plate is 
supported above the main table of the machine by short pillars, 


and those parts of it which are cut off from the remainder of the | 


plate by the openings are supported either by brackets of a horse- 
shoe shape, as shown in the figure, or by similar means, so that the 
vertical traverse of the pattern is not interfered with. 





operation of moulding is carried out in the following manner: 


The | 
| of moderate size have to be turned out. 


stops, carried by brackets from the moves plate, are arranged so 
ve Same manner as the 
moulding plate supports the other parts. As we have already said, 


| the moulding plate rests apon pillars fixed to the table of the 


machine, and it can thus be readily removed when it is desired 
The pattern can be readily changed, 


fix the plate to which it is secured to the mandri] head, Many 


| of the machines at Messrs. Howard’s works are made with special 
_ arrangements for removing ‘“ drawbacks.” 


By the aid of these machines, the most complicated patterns 
can be moulded by unskilled labour, simple ramming only being 
required. At Messrs. Howard’s works at Bedford, no trowels 
nor water brushes are used, and there is no sleeknig nor joint- 
ing. The machines are also used by Messrs. Clayton and Shut- 
tleworth, Messrs. Garrett, Messrs. bimedines and Sims, Messrs. 
Burgess and Key, Messrs. Butt, of Gloucester (who make large 
numbers of axle-boxes for the Great Western Railway), and by 
many other firms; and there is no doubt but that they can be 
economically employed wherever a number of similar castings 
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On the 26th ult., Mr. Fleeming Jenkin, delivered) at 
the Society of Arts, the fifth and last of his excellent 
series of Cantor lectures on Submarine Telegraphy. 
This lecture, like the preceding one, was devoted to 
the explanation of various electrical tests, the mode of 
testing the insulation of short lengths of insulated 
wire being first described. In the case of a long in- 
sulated wire the resistance of the insulator can be esti- 
mated by measuring the current escaping through it, 
but in a short length the extent of surface exposed by 
the insulator is not sufficient to allow of the passage 
of a current which would affect even the most delicate 
galvanometer, and another means of testing the insur 
lation has consequently to be employed. This method 
consists of charging the wire with statical electricity, 
and observing by means of an electrometer how long 
the charge is retained. For this purpose various elec- 
trometers have been designed by Professor William 
‘Thomson, and of these the divided ring electrometeris 
verhaps the most convenient. It is thus described by 
Mr. Jenkin : 

“A light flat aluminium needle a }, Fig..1,.balanced by a 
counterpoise, is suspended by a platinum wire from a point con- 
nected with the interior coating of a Leyden jar. Under.the 
needle two half rings, L and M, are placed, with the division on 





- 

Ce 
one side directly under the aluminium needle in its position of 
rest, ‘The whole is placed inside a metal ease, not shown in the 
drawing. Suppose the needle @ 6 not to be charged, then jf.1, 
be connected with a, an electrified body, while M is connected 
with the earth, the needle will turn slightly towards L, and this 
will be the case whether the electricity of @ be positive or nega- 
tive. If we now charge the Leyden, jar with, say negative elec- 
tricity, the needle will be brought to the same, potential as the 
inner coating; it will be much more strongly attracted than 
before by L if the electricity of 2 be positive, and would be 
powerfully repelled if 2 were negative. If 2 loses its. electricit 
and returns to the potential of the earth, the, needle @ & will 
return to its original indifferent position between I, and) M, being 
equally attracted by both. One object of connecting the needle 
with a Leyden jar is to provide « considerable supply of elec- 
tricity for the needle, so that the unavoidable slight leakage 
which must oceur may not affect one test or even z series of 
tests. A loss of one unit of electricity per minute will matter 
little if the whole store be one thousand, such as may be held by 
the jar; but if the store be only one or two units, such as would 
be received by the needle, such a loss would be fatal. The de- 
flections will also be greater and the instrument will be more 
sensitive the higher the potential to which the jar is charged, 
but the indications will only be constant so long as the jar is 
charged to the same degree. In the instrument, as made, the 
deflections are shown by a spot of light reflected from a mirror 
hung above the needle as in the reflecting galvanometers. The 
Leyden jar is placed in an atmosphere dried by sulphuric acid, 
and will bold a sensibly constant charge for days at a time. 
Finally, the metal case screens the needle from all attraction or 
repulsion by bodies electrified outside, owing to a well-known 
law. The deflections, being angularly very small, are propor- 
tional to the potentials of the bodies to be tested, which are con- 
nected with . wi ile M is kept permanently in connexion with 
the earth. With this instrument, nothing is easier than to com- 
pare accurately the times eceupied by the charged conductor of 
a piece of cable covered with water in falling from the first ten- 
sion to half or any other fraction, and the times thus occupied 
are relative measures of the insulation resistance of the insulating 
cover. No very high tension is required, and the test by this 
instrument gives one direct proof of the identity of electricity 
given by friction and that from the voltaic battery. In making 
the test, the cable may be charged by a spark or two from a 
machine or electrophorus, or it may be charged by simple con- 
tact for an instant with a wire joimed to one pole of a voltaic 
battery of say 50 or 100 elements. It will readily be understood 
that when we know how fast a reservoir of given capacity empties 
itself by a given pipe, we may calculate the resistance which the 
pipe has opposed to the passage o} the water. Such a calcula- 
tion would, with water, be much more complicated than with 
electricity ; and the following formala gives the means of calcu- 
lating, in B.A, units, the resistance of theinsulator, When the 
potential P at the beginning, and p at the end of a time ¢, 
measured in seconds, are known— 


(.) B= . 

S log. 
Og €> 

Or, 
ey) R 0.4348 ¢ 
a 
Si 

P 


1 t.c first of these equaticns the hyperbolic, and in the second 





P 
the ordinary logarithm of > is used, but in both we have a 
quantity S, called the — of the cable, the meaning and 
measurement of which will be presently explained.” 

.The test just described can be used to test the insu- 
lation. of a The leakage from a joint can be 
measured by immersing it in water contained in an in- 
sulated trough, and connected with one pole of a 
battery, the other pole and the cable being in connexion 
with the earth. Any current which is observed to ~ 
through a galvanometer plaeed in the, circuit must leak 
through the joint immersed in the trough, A joint 
may, however, be more searchingly tested by the aid 
of an electrometer, as follows; place the joint, in an in- 
sulated trough, and connect this trough with the test 
plate L (Fig. 1) of the electrometer, the conductor 
being connected with the centre, Then electrify the 
trough by a machine or electrophorus, and observe the 
rate of leakage into the cable at the point immersed. 
In carrying out this and similar tests the greatest atten- 
tion should be paid to the cleanliness of the insulating 
supports, &c., and an artificially dried atmosphere is ne- 
cessary where extremely high insulation is required. It 
was stated by Mr. Jenkin, as an example of what could 
be done, by care in the selection of materials and by 
drying the atmosphere, that Leyden jars in Professor 
Thomson’s electrometers can be prevented from losing 
more than one half per cent. of their charge in twenty- 
four hours. ‘The fall from full charge to half charge 
takes place in such a cable as the Atlantic in about 
fifteen minutes; and in some wires covered with 
Hooper’s material in from seven hours to two days. 
Mr. Jenkin’s remarks upon induction tests were as 
follows : 

Hitherto the word charge has been used as having a sense 
with which all are familiar, and tke indications of an electro- 
meter which really measures tension or difference of potential 
from the earth, have been received as evidence of a greater or 
smaller charge; it is. time to justify, these expressions. The 
charge of electricity which an insulated body will receive really 
means a definite quantity of electricity. This quantity, when 
escaping to the earth, which is assumed te be at zero. tension, 
prodyces a current equal to the quantity divided by the time 
occupied in its escape. Bodies are said to contain equal charges, 
when these charges will produce in their discharge equal 
currents. A charge held by a body is said to be at a certain 
tension or potential, meaning the quality measured by the 
electrometer above described. The total charge which a given 
body in given circumstances will receive is proportional to the 
potential or tension to which it is raised. Thus, the charge 
produced by contact with the pole of a battery of fifty cells is 
fifty times that th by a single cell. The tension or 
potential produced by a frictional machine is of exactly the 
same nature as that produced by the voltaic battery; it is 
simply greater in amount. ‘Thus a body may be charged equally 
7 sparks from an electrophorus, and by a voltaic battery ; 
then if this charge be allowed to escape through a galvanometer, 
the current in each case will be equal, and produce an equal 
deflection; and, again, if two bodies are charged to the same 
potential, say by contact with one pole of the same battery, then 
if the current produced by the discharge from the two be equal, 
the charges on both were equal, and the capacity of both bodies 
was equal. The capacity of a body for receiving a charge 
depends on many elements; it increases as the external surface 
of the boy increases, and it increases as the surrounding bodies 
in connexion with the earth are brought near to the insulated 
electrified body. ‘Thus the capacity of a Leyden jar, where the 
inner electrified surface is large, and close to the outer un- 
electrified surface, is much greater than that of a sphere of 
equal surface in a large room. The general laws regulating 
capacity and potential are too complex to be bere explained; the 
capacity of a cable increases directly as its length, on as the 
capacity of two equal Leyden jars is double that of one. The 
gutta percha acts the part of the glass; the copper that of the 
inner tinfoil; the water or moisture outside represents the outer 
uninsulated coating. Owing to the large surface and slight thick- 
ness of the insulation, the capacity of a long cable is very great, 
and its discharge can be shown on almost any galvanometer ; 
the discharge from a yard can be seen on a sensitive instrument 
if charged by, say 100 Daniell’s cells. Fig. 2. shows the con- 
nexions required to show the discharge. M is a common key, 
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by which the conductor of the cable A Bcan be first placed 
in connexion with the battery ZC by a contact at p, am 
then removed from the battery, and immediately connected at o 
with one terminal ot a galvanometer, G, the other terminal 
of which is in connexion with earth at E. The contact at 

charges the cable, and that «t O discharges it through the 








galvanometer. It will readily be seen that as the quantity 
which goes into the cable must be equal to that which leaves it, 
if the galvanometer G were placed between Z and p, it would be 
affected to the same extent by the entrance of the charge as by 
its exit ato. With a well insulated cable, deflections due to the 
rush in or out of the charge are far greater than that due to 
leakage across the sheath, and it is to avoid the disturbance due 
to this momentary current that in making insulation tests, no 
sensible part of the current is at first allowed to run through the 
galvanometer, but is conducted through a short circuit, as at 0, 
Fig. 2, lecture IV.* The deflection due to the charge or dis- 
charge of a short cable is the result of a single very short 
impulse, and this deflection may be used to measure the charge 
in two ways. First, we may make a standard knot of cable or 
Leyden jar, or condenser, as it is sometimes called ; we may take 
the discharge from that, as in Fig. 3, where a 6 represent plates 


d -2—, FIG.3. 
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in connexion with the earth, and xy insulated plates separated 
from them by mica, gutta percha, paraffin, glass, or air, the 
other connexions being the same as in Fig.2. Next, we may 
charge the cable from the same battery, and by trial bring the 
galvanometer to the same deflection by shunting part of the 
current through coils, which can be adjusted; if yjsth part of 
the current pass through G, then the capacity of the Cable is one 
hundred times that of the condenser; the relative charges, if not 
differing much, may be taken as proportional to the deflections 
on a reflecting galvanometer, or, more strictly, to the sines of 
half the angles on any instrument. -A galvanometer with a com- 
paratively heavy needle is better for this purpose than a reflect- 
ing instrument with mirror and light magnets, owing to the 
resistance of the air. The comparison of capacities may be 
made in a much more accurate manner by various less well- 
known devices; as, by the transfer of a charge from one con- 
denser to another, and the measurement of the potential before 
and after the transfer; by the relative effect of two discharges 
in opposite directions through a differential galvanometer; by 
balancing a succession of discharges through one coil of 
a differential galvanometer against a permanent current 
adjusted with the aid of resistance coils; and by balancing the 
discharges against a permanent current in an arrangement 
resembling a Wheatstone balance. These arrangements have, 
it is believed, not yet been used as practical tests, but it will be 
useful to give here a formula by which we may compare the 
results of any two or more observers, who have not got galva- 
nometers which they have compared, or condensers of known 
relative capacities. Let S be the capacity of a conductor 
measured in the units required for equation 2; let ¢ = half the 
time of a complete oscillation of the needle of the galvanometer 
under the influence of terrestrial magnetism alone, ¢ = the angle 
to which the needle is thrown by the momentary curreift, R, = 
the resistance in BA units of the circuit through which the 
battery used to charge the cable would produce the unit deflec- 
tion on the galvanometer, then 


(32) s=2' 
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The accuracy with which this measurement can be made is not 
very great, owing to the difficulty of measuring ¢ on most in- 
struments. The charge is said to be due to induction, and 
these tests are called induction tests; it now remains to show 
their practical application. The discharge may be used to 
measure insulation, thus—charge the cable by contact at p 
(Fig. 2), and then break contact at p without making contact at 
0; the charge, which is, as it were, bottled up inside the cable, 
leaks gradually through the gutta percha. After, say one 
minute, make contact at 0, and observe the difference between 
the deflection thus obtained and that obtained when the cable 
is discharged immediately after being charged. The difference 
measures the loss in one minute. The galvanometer can in *his 
way, by successive trials, be used to ascertain the rate at 
which the charge is lost,for all the tests described above as mea- 
sured with the electrometer, though less conveniently. Asimilar 
test is applied by Messrs. Bright and Clark to the testing of joints. 
A joint (Fig. 4) is placed in an insulated trough of water cou- 
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is applied to one 


nected with a condenser, the battery 


© Thia| a ; ; - as Fig. nage 150. 
* This figure was given in our last number as Fig. 1, page 
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the cable, and any slight leakage which may occur at the joint 
gradually accumulates in the condenser. After a minute or more 
the condenser is discharged through a galvanometer, which may 
then show the result of a minute’s accumulation even when the 
ner manent current passing at any moment would not have been 
sensible. But these are the only indirect consequences of the 
induction test. Its main object 1s to compare the capacities of 
various cables, and the inductive properties of various materials ; 
and the reason why these points are important is, that the 
number of words which can be transmitted per minute 
through long submarine cables is, ceteris paribus, inversel 

proportional to their capacity. So that a long cable A, each 
knot of which will, from a given battery, receive only half the 
charge received by cable B (equal to A in other respects), will 
transmit double the number of words per minute. The 
cause of this cannot here be explained, but the fact is ex- 
perimentally and theoretically proved. By theory, the charge 
on equal lengths of two wires, covered with the same in- 


: ‘ d 
sulator, shouid be inversely proportional to log. D when D and 


das before indicate the diameter of the insulator and conductor ; 
but the capacity also varies with the insulator used, thus the 
charge on a knot of the Persian Gulf cable, insulated with gutta- 
percha, was 35 per cent. greater than a knot of similar dimen- 
sions insulated by Hooper’s material, and was somewhat more 
than four times greater than the charge would have been had it 
been possible to find an insulator with the properties of air 
instead of gutta percha. ‘The property of a material in virtue of 
which it affects the charge is called its inductive capacity, and 
the ratio of the charge induced when the solid material is used, 
to that which would be induced if air were the insulator, js 
called the specific inductive capacity of the materia]. It will be 
sven that equation 9 gives the means of expressing the capacity 
of a knot of cable in certain units. The Table gives the calcu- 
lated capacity of some cables and materials in these units, with 
the specific inductive capacity of gutta percha, india rubber, and 
Hooper’s material. These numbers are -very much less well 
ascertained than the resistance measurements given in previous 
tables. Nevertheless, improvement in this quality is of very 
much greater importance than improvement in insulation resis- 
tance. Neither temperature nor pressure seems to affect the 
charge or capacity of cables very materially.” 


TABLE.—Inpbucrion TEsts. 
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Tur Ciry Gas Scurme.—It is difficult to understand the 
re ee pes Cor erations of W: riington and of Salford, nearly 
the He wader d, tioning, as they did on Friday evening, to 
py vOUuse Of Connnons in favour of the London Corporation Gas 











ART IN ENGINEERING. 


Wuen we find the French Institution, or Société of 
Engineers occupying nearly a whole evening, as was 
the case two or three weeks ago, with a paper upon 
free-hand drawing, we are inclined to believe that it is 
either difficult for the Council to obtain papers, or that 
French engineers seriously take cognisance of art, as 
having a place in the practice of the profession, M., 
Benoit Duportail explained at much length an alleged 
new system of teaching drawing, as practised by M. 
Hendrickx, of Briissels, but we only gather that the 
system is that already common enough, of teaching the 
scholars to draw by the hand alone, or without instru- 
ments of any kind, copies of figures traced by the teacher 
upon a black board. The subjects are so chosen that 
proceeding from lines of definite length and position, 
regular figures are reached, then irregular forms, and 
finally, the human figure itself. ‘To a Frenchman, the 
slightest modification commonly amounts to wx sysleme 
nouvelle, hut without pursuing the subject of the com- 
munication, the only interest we discover in it is the 
mere fact that a paper on free-hand drawing was thought 
worthy the attention of the engineers of Paris, the 
system described being one pursued in teaching work- 
men. 

Here in England, engineers scarcely employ the 
word art, in the sense of those features of design which 
give mere beauty or grace to a structure. No engineer 
now professes art, nor does he even confess it. We 
may except Mr. Page, but, strangely, he walks alone 
in the profession. ‘The hard-headed men of West- 
minster know him not, albeit that their great thorough- 
fare leads straight to his best work, as it is the most 
graceful structure in iron on the Thames—Westminster 
Bridge. But there is a rapidly growing teste for ap- 
pearance as well as use in buildings, as is evidenced in 
the gradual and improved reconstruction of many parts 
of London, and engineers will not go astray in encour- 
aging this taste, if they find themselves competent to 
do so. 

The subject of art has been, wisely, no doubt, kept 
out of discussions at the Institution, as there is no 
other subject upon which so much conceit and rubbish 
may be spoken. Still there is such a thing as true art, 
and as a profession we are now a long way from prac- 
tising it. Engineering has become so much a matter 
of parliamentary struggling and contract letting, mixed 
up with “promoting” and mohey-taising, that engi- 
neers iow combine the hardiiess of the lawyer, the 
banker, and the contractor. Such a thing as sentiment, 
or asense of beauty for its own sake, is shut out and even 
despised, but it cannot always be so. Just as we cul- 
tivate mankind, they refuse to surround themselves 
with ugly objects, or to be satisfied with existing 
ugliness, becatise it serves a purpose, of utility, where 
utility and grace can just as well be blended together. 
We now have the Institution library open for evenin 
reading, and we may soon see another, step taken; wid 
courses of evening lectures given. When this comes 
to pass, the Council will, we are convinced, select some 
competent person—and there are many—to illustrate 
the application of the principles of art to engineering. 


THE CROSSNESS PUMPING ENGINES. 

Ar Crossness Point are situated the reservoirs and, main 
outfail for the system of metropolitan drainage on the soutli side 
of the Thames; and the engines and pumps which fori the 
subject of our illustrations are erected at that place for raising 
the liquid portion of the sewage from the lower to the higher 
level. The engine-house contains four similar engines, each 
working eight pomp plungers, so tiat there are in all thirty-two 
plungers, which can be worked either together or separately. 
The engines and pumps were made by Messrs. James Watt and 
Co. of Soho. Fig. 1 is a side elevation in outline of one of tliese 
engines, showing the general arrangement. Each engine has 
one steam cylinder 4 ft. in diameter, with a stroke of 9 ft.; the 
horizontal distance from centre of cylinder to centre of crank 
shaft being 40 ft. The beams are made double, the two parts 
being about 5 ft. apart; they are 40 ft. Gin. long between the 
end centres, and 6 ft. deep at the middle. 

The cold water and air pumps are driven from another beam 
connected with the parallel motion, as shown in Fig. 1. This 
beam is 16 ft. long between end centres, the air pump being 
driven from a point in the centre of its length, and the cold 
water pump from a point 4ft. from one end, as shown in the 
figure. The air pump is 2 ft. in diameter, and has a 4 ft. 6 in, 
stroke, whilst the cold water pump is 1 ft. 6 in. in diameter, with 
a stroke of 2 ft. 3in. ‘Thedistance from the centre of the steam 
cylinder to the centre of the air pump is 7 ft. 10 in., and the 
distance between the centres of the air pump and cold water 
pump is 8 ft. 11gin. The steam and exhaust valves are of the 
double beat class, and are worked by a cam shaft, as shown on 
Fig. 1. The connecting rod, which is 28 ft. 9 in. long between 
centres, is coupled to the opposite end of the beam to the steam 
cylinder, and is connected to an overhung crank upon the fly- 
wheel shaft. The flywheel is 27 ft. in diameter. 

The eight rods for working the plungers of the sewage pumps 
are coupled to the beams in pairs—two pairs on each side of the 








main centre. The distances of the points of attachment of the 
rods from the main centres are 5ft. fin., and 10 ft. 1} in. re- 
spectively. The rods are 5 ft. apart transversely from centre to 
centre, Fig. 2 is a transverse section through one of the pump 
barrels showing the arrangement of the valve and plungers; 
Fig. 3 is a half plan of the top of the barrel and a half section 
through the lower part of it; whilst Fig. 4 is a half plan of the 
suction valves. The pump barrels are 12 ft. in diameter, and 
have a total height of 25 ft. They are made in four rings, as 
shown in Fig. 2, and are supported upon cast-iron girders, which 
rest upon blocks of stone bedded in concrete, as shown in the 
same figure. The lower part of the barrels is strengthened by 
feathers, as shown in Figs, 2 and 3, the latter figure also show- 
ing the flanges by which the barrels are secured to the girders. 
The suction valves are fixed about 16 ft. from the bottom, 
the upper part of the barrel only really forming the pump 
chamber. The plungers are each 4ft. Gin. in diameter, and 
they are placed at a distance apart, both longitudinally and 
transversely, of 5 ft. from centre to centre. There are, as 
shown by the plan Fig. 3, four plungers to each barrel, 
two of them having a 4 ft. 6 in., and two of them a 2 ft. 3in. 
stroke. The section, Fig. 2, is taken partly through one of the 
long stroke and partly through one of the short stroke plungers, 
the Jength of the former being 6 ft. 9in., and of the latter 
4ft.6in. The thickness of the metal of the plungers is 14 in. 
ach plunger is provided with a central rod secured by a cotter 
as shown in Fig. 2, the upper ends of these rods carrying cross- 
heads working in fixed guides. ‘lo the crossheads the rods lead- 
ing from the beam are coupled. 

‘The pair of pump barrels of each engine are contained in a 
chamber, 32 ft. 6 in. long, and 21 ft. 74 in. wide, the bottom being 
42 ft. below the floor of the engine room. A transverse section 
of this chamber, into which the inlet-culverts lead, is shown by 
Fig. 2.. The pump barrels have openings, 10 in, wide and 3 {t. 
high, all around the lower part through which the sewage enters, 
and they are also furnished with manholes above and below the 
suction valves. The plate or grating carrying the suction valves 
is shown in section in Fig. 2, and plan in Fig. 4. The openings 
in it are principally 1 ft. 6 in. long, by 9in. wide, and are covered 
by common flap valves, secured in the same way as the delivery 
vulves; an enlarged section of them is given in Fig. 5. ‘The 
delivery valves are fixed at the side of the pump barrel, near the 
top, as shown by Fig. 2, the grating to which they are fixed 
having twenty-four openings, each 1 ft. 6 in. by 12 in., as shown 
by Fig. 6. An enlarged section of the valves, showing the 
mode of fixing, is given by Fig, 7, Any number of the pump 
plungers can be disconnected when desired, the plungers so dis- 
connected being secured in their lowest position by an arrange- 
ment shown by Fig. 8. This consists merely of lugs cast upon 
the plungers, which receive the upper ends of bolts passing 
through the top of the ae barrel and the gland casting, as 
shown in the Fig. 8. The pumps of each pair of adjoining 
engines discharge into an iron passage 10 ft. high, and 11 ft. 6 in. 
wide, placed on the top of the wall dividing the two pump cham- 
bers, as shown on Fig. 2,, From this passage are led two 
culverts, each 9 ft. high, and 4 ft. 74 in. wide. The pumps are 
employed for litting the liquid portion of the sewage only, the 
solid portions being separated from it by gratings fixed in suit- 
able chambers, in communication with the inlet-culverts. ‘The 
solid matter is raised by what are termed filth hoists, these 
consisting of chains of buckets arranged in a similar manner to 
those of a dredging machine. m 

‘Lhe engines are supplied with stea by twelve Cornish boilers, 
each 30 ft. long, and 6 ft. in diameter} with a single internal 
flue, 3 ft. 3 in, in diameter at the part containing the firegrate, 
and 2 ft. 11 in. in diameter for the reminder of its length ; this 
latter part being traversed by eight water tubes. ‘The internal 
flues are made with Adamson}; flanged joints, and the boilers, 
which were made by Messrs: D. Rdninsch and Co., have drilled 
tivet holes throughout. The pallet ire fitted with steam 
domes, 2 ft. 3 in. in diameter aa 2 ft, 6 iv. high, and the ends 
are sored by gusset plates. The diatight is led from the 
internal flue, first along the bot ‘on of thie boiler and is then split 
and brought back along the i‘: es. fhe boilers are seated upon 
castings fixed upon the top of.the side walls of the bottom flue. 
The boilers are arrange fi the } bate in two rows, six in 






each row, a space of 40 ft. being left between the rows for coals 
and firing space. Down the ceutre His space runs a raised 
platform, furnished with, a tr, ite hid toa 3ft. gauge. ‘The 
boilers in each row are 9 ft. sr iroti centre to centre. The 
chimney shaft with which boiler ties are connected is 
159ft. 9in. high above grou lve and is 8 ft. 3 in. in dia- 
meter inside. It is situated at i distance of 110 ft. from the 
centre of the engine house, atid i§ Connected with it by a flue 
9 it. Vin. high, 5 ft. 6 in. wide; wt 4 semicircular top. We are 
indebted to Mr. Bazulgette foe le Use of the drawings from 
which our illustrations were prepared: 








Dacenuam (TuAmes) Dock:—Thé teport of the directors 
states that considerable progtess, lias beeh made with the works. 
The whole of the timber wharfing on tlie river front is com- 
pleted, and is now being backed, Up with concrete, &e. The 
coffer-dam is nearly finished, aiid the excavation of the entrance 
basin is being proceeded with j the embankment of the lake is 
also going on rapidly. ‘The jelly ini thie, river is finished, and a 
line of rails is laid on it which conwects it with the London and 
Tilbury Railway. The station jit i tin is nearly finished, 
and ina short time the compipy will be enabled to discharge 
vessels at i jetty, and distribute cargoes to all parts of the 
kingdom. The capital agcount showed that 103,457/ had been 
expetided to the 81st of January. 

VORKS AT ie a rae 3 company is in course of formation 
for the purchase of Mr. Read’s shipbuilding yard, at Ipswicl,, 
ard the construction of a new dry dock on a portion thereof, 
It appears remarkable that so thriving a port as Ipswich should 
be entirely without any accommodation for the repair of vessels, 
and that vessels trading to the town should be compelled to go 
to Yarmouth or Lowestoft for any necessary repairs. ‘Ii is 
manifest inconvenience and loss to the town is propesed to be 
remedied by the above company. Plans, with report aud 
estimate, have been submitted by Messrs. Bacon and Bell, of 
London, and there is every probability of a speedy comic ice- 
ment of the undertaking, 
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THE CROSSNESS PUMPING ENGINES. 
(For Description, see Page 149). 
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IRON-CLADS AT HOME AND ABROAD. 


Mr. Donatp McKay, the famous builder of the 
Black Ball clippers, has the run of all the navies of the 
world. He is constantly crossing the Atlantic, and 
when he returns to Boston (not the Boston of Lincoln- 
shire, but the capital of New England), he records his 
impressions in the columns of the Commercial Bulletin, 
a weekly journal which, through his writings, has long 
since become known in both hemispheres. It is so 
customary to decry American writers, that we think 
it only right to repeat that Mr. McKay has the advan- 
tage of the very best sources of information (and we do 
not say this from hearsay, but from our own knowledge), 
in the dockyards of England, France, and America. 
He has lately returned to Boston, and in the Commercial 
Bulletin, of February 10th, we have his views of what 
we are doing, and of what the French constructor, M. 
Dupuy d’Léme, as our friendly ally, is doing to beat 
us. He speaks with high praise of our English iron- 
clads, but here is what he says of those made in 
America, and we believe that he greatly over-estimates 
the capabilities of the American fleet :--- 

“While viewing these, their style of construction, 
“equipment, &c., I felt proud that our Navy department 
“since 1861 have constructed, built, and equipped an 
‘‘iron-clad fleet both for home defence and sea-going ser- 
“vice more powerful than all the iron-clad navies of the 
“world ; a I strongly recommend to the Government 
“as a profitable and judicious expenditure, and one 
“ which will prove to be the strongest guarantee of peace 
“and just neutrality—a continuance of building and 
“adding to our iron-clad sea-going fleet, thus keep- 
“ing pace with other nations. 

“ T can allude with pride to that wonderful produc- 
“ tion of human genius, the Dunderberg, now in the pro- 
“ cess of construction by Mr. Wm. H. Webb, of New 
“York. I have personally inspected all the iron-clads 
“of England “al France, but I have not seen one of 
“them which, in originality of design, power and com- 
“pleteness of detail, begins to compare with her. 
“ She combines the impregnability of the turret system 
“ with the advantages of the broadsides and ends. In 
“ short, she can bring guns to bear from every point 
“of the compass, without changing her position. 
“From the appearance of her model, it is evident to 
me that she must be an excellent sea boat of superior 
speed, and notwithstanding her great size, easily 
“managed. It is said she will cost over 2,000,000 
‘dollars ; but this is not high, when compared with 
‘the sums lavished upon the large iron-clads of the 
“ old world, which are far inferior to her as a vessel of 
“war. I consider her a match for a fleet of such ves- 
“ sels as some of the best produced in France.” 

We will let Mr. McKay’s opinions stand for what 
they are worth. He, however, pays a high compliment 
to the construction department of our navy, and he 
refers to the Bellerophon as “the finest specimen of 
“an iron-clad frigate yet produced in Great Britain.” 

Elsewhere we give a table from Mr. McKay’s letter, 
showing the present state of the French iron-clad navy. 
It appears that the French have in all twenty-nine 
plated vessels, but nine of which are built of iron, and 
of these seven are sinall vessels of 150 horse power, and 
capable of steaming only 7} or 8 knots an hour. The 
Couronne and Heroine, the former, displacing 6000, 
and the latter 5700 tons, are also of iron. Ten ships 


“ 


“ 


a « 


have each a displacement of 5700 tons, and carry 1000 
tons of 6in. armour. They have engines of 1000 
horse power, and one of them is marked as a 14 knot 
ship, the same speed as is set down for the Solferino. 
The ten vessels of the same class are 260 ft. long, 
56 ft. wide, and draw 25 ft. of water. The Frenc 

have thus shown great energy in their naval prepara- 
tions, and Mr. McKay’s statement of their iron-clad 
fleet will be read with great interest. It would have 
been more satisfactory had the extent and character of 
the armament been given. We believe that in this 
respect the French are at present altogether behind us. 


THE CITY GAS SCHEME. 


Tue Corporation Gas Bill was read a second time in 
the House of Commons, on Tuesday evening, a division 
having been taken, and which resulted in a majority of 
twenty-six only, in favour of the second reading, in a 
House of 412 members. But the bill is to be commit- 
ted, subject to a general inquiry into the operation of 
the Metropolis Gas Act of 1860, and if the companies 
are then found to have dealt justly by their customers, 
it is not unlikely, judging from the tenour of the 
debate, that the City scheme will be lost. Mr. Craw- 
ford alleged that the gas companies were making very 
large profits, and that the gas supplied was inferior in 
quality. 

If Fortionent should sanction a scheme whereby 
three chartered gas companies are intended to be dis- 
placed, and, in fact, put out of existence, and to permit 
this without making any compensation to the com- 
panies, then, no doubt, gas could be supplied more 
cheaply when made in works built by corporate capital 
bearing 4 or 5 per cent. interest than in works 
built by private capital, which justly looks for 8 
or 10. One great establishment might, too, be con- 
ducted somewhat more cheaply than three separate 
works. These are matters which none care to deny ; 
but the case put forward by the advocates of the City 
Bill is, that they are to supply 18 candle gas at 3s. 

er thousand feet, with an outlay of but 425,000/. 

his outlay, as we have before shown, is not probably 
one-half of what would be necessary for the works, 
holders, and mains alone, and if the existing companies 
are to be compensated, the capital upon which the new 
works would have to pay interest might become nearly 
or = 2,000,0007. 

The question is not altogether one of engineering, 
yet there are a great number of engineers interested 
in it, and they will we think generally take the view 
that apart from the advantage of working upon 
corporate capital at a low rate of interest, the corpo- 
ration of London cannot make gas cheaper than 
private companies. 


STEEL IN COMPRESSION. 

An interesting trial took place on Wednesday 
at Mr. Kirkaldy’s experimenting works, to ascer- 
tain the resistance to compression of tubes and struts 
of Messrs. Shortridge, Howell, and Co.’s homo- 
geneous metal. The tube tried was about 4 ft. long, 
its external diameter was 17 in., and its  thick- 
ness 3in., gixing a bore of 14 in. The cross sectional 
area was almost exactly 13 square inches. ‘The ends 
of the tube were cut smooth, and at right angles to its 
axis, so as to give a fair bearing. A strain of 67,300 lb. 
was applied, equal to more than 17 tons 3 ewt. per 
square inch, when a slight lateral deflection was 
observed. ‘The weights were then set to give a strain 
of 82,000 Ib., equal to nearly 21 tons per square inch, 
but while the press was being pumped up to this pressure 
the tube flew out, having yielded laterally. No crack 
or flaw was produced, however, in its substance, and 
the tube was afterwards bent double, in the cold state, 
without any visible injury of the material. 

Another experiment was made upon a strut formed 
of four “ fiom a irons” (if this term be not a bull in 
speaking of steel), rivetted up to a cruciform section. 
The angle irons were each 3} in. by 3} in. by about 
7; in., and were rivetted by double rows of rivets in 
each leaf. The total cross section was 8 square inches 
and the length of the strut 4 ft. 370,000 tb. were ap- 
plied in compression when the strut was shortened 
0.31 in., and on removing the pressure it was per- 
manently shortened 0.15in. On increasing the straiy 
to 385,000 lb., corresponding to nearly 21} tons <a 
square inch, the heavy crosshead of Mr. Kirkaldy’s 
machine broke, and a thick circular plate of steel upon 
which the strut abutted was pea nearly in two. 
Up to this point the steel strut showed very. great 
strength, and it was but little injured by the strain 
under which the machine gave way. Mr. Kirkaldy 
will soon have his machine repaired, when further and 

















more conclusive trials will be carried out. 


STEAM PLOUGH COMPANIES. 


As soon as the mechanical and commercial success 
of the steam plough had been established, three or four 
years ABO, a number of companies were formed to let 
out and work steam ploughing and thrashing machiner 
on hire. Most of these companies have met with such 
success in their operations, that we propose to notice 
a few of them in detail. Among the earlier associa- 
tions of the kind was the West Riding Steam Plough- 
ing Conners of Wakefield, the late Mr. Fowler having 
already esta fished his steam plough works at Leeds, 
but a few miles distant. This company is now in the 
fourth year of its existence. It has a capital of 3255/. 
in l/. shares, held by nearly or quite one hundred 
shareholders. It works two of Fowler’s single engine 
tackles, one of 14 and one of 12 horse, and has a 
thrashing engine and machine in addition. It finds 

rofitable if not constant employment for its machinery, 
if we except only a half year of 1865, in which the 
Locomotives Act was so rigidly enforced in the Wake- 
field district, that the Company found themselves com- 
pelled to withdraw one engine and set of tackle from 
work. A spirited movement was organised last year, 
Lord Kinnaird at the head of it, to obtain the with- 
drawal of the more stringent clauses of the Act, and 
this was at last effected. A committee was formed in 
London, consisting of Lord Kinnaird, Sir John Hay, 
Sir Edward Dering, Mr. Holland, M.P., Mr. James 
Howard, of Bedford, Mr. Thomas Aveling, of Roches- 
ter, Mr. David Greig, of Messrs. John Fowler and Co., 
Mr. Norton, Mr. Cooper, and Mr. Charles Clay, the 
last-named gentleman being the secretary of the West 
Riding Steam Ploughing Company, and a draught 
amendment to the Locomotives Act was prepared, 
which has since become law, and which permits of the 
free movement of traction and steam ploughing engines, 
so long as an attendant accompanies them to signal 
the engine driver when he deems it necessary to stop 
or slacken the speed, and to assist horses, and carriages 
drawn by horses, past the engines, the speed of the 
latter being limited to four miles an hour. The West 
Riding Company have paid good dividends, laid by a 
fair reserve fund, and have etlected great good in the 
district where their operations are pane on. The 
farmers can now have their land ploughed or cultivated 
to any depth they like, at the best time of the year, at 
a moderate cost, and they have to keep but one-third 
their former number of horses. These results are, of 
course, the same in the case of all the steam plough 
companies. 

Another company is that at Whitchurch, in Shrop- 
shire, now in the third year of its existence, and of 
which. Field Marshal Viscount Combermere was the 
chairman for 1865. This company has 1720/. of paid 
up capital in 10é, shares, and has one of Fowler’s 
double-engine tackles. The manager and secretary, 
Mr. J. Thursfield Smith, of Whitchurch, writes us 
that, being a dairy district, the area of that company’s 
operations forms an exceptional case. ‘The farmers 
break up as little land as possible, just enough to keep 
their cattle in straw and roots; but the cattle plague 
is likely to work a change, and to turn the Shropshire 
grazing pastures into arable land. ‘he Steam Plough. 
ing Company, it appears, are only called in when the 
farmers have a very difficult piece of work which 
their horses cannot get through. With no invest- 
ment and no risk of their own, they have their land 
cultivated 12in. deep at 12s. per acre, 9 in. deep for 
10s. and 7 in. deep for 8s. They have their stubbles 
or seeds broken up and crushed, by two operations, 
for 18s. an acre, and their ploughing and diggin 
performed at from 10s. to 18s. For ploughing with 
short breasts for turnips or barley, before sowing, 
equal to ploughing and cultivating, they pay 12s. 6d. 
per acre, and this is all the responsibility the farmers 
have—indeed, they have none at all. The Whitchurch 
Company have often to send their engines eight or 
ten miles to cultivate less than a dozen acres of land, 
and this, of course, greatly increases the cost of 
ploughing and cultivating. In our first number, Jan. 
5, 1866, we noticed a correspondence which had taken 
place between Mr. R. T. Smith, of the Whitchurch 
Company, and Mr. Hutchinson, of Grantham, as to 
the relative. merits of Fowler’s and Mr. William 
Smith’s (of Woolston) systems of steam cultivation, in 
which the small acreage of the Shropshire farms was 
shown. 

Mr. Smith writes us that his Fowler’s tackle usually 
gets through 14 acres an hour, and that 2 acres have 
been done under favourable circumstances. Nothing, 
he says, but the double engine system will do. The 
engines come upon the ground with steam up, and are 





at work in from ten to fifteen minutes; and further- 
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more, they often finish their job and are off before a 
round-about tackle could be set down, Mr. Smith’s 
testimony as to the good working qualities of the 
steam ploughing machinery is valuable. He says: 
“Much of our success, after all, must be attributed 
* to the great excellence of every part of our machinery 
* which was all manufactured by Messrs. John Fowler 
‘and Co., more than two years ago. We have never 
“liad a mishap, and after travelling hundreds of 
‘miles, and breaking up more than 1200 acres of the 
* hardest land, our tackle is but little the worse for 


> 


"* wear. 

The Shrewsbury Steam Ploughing Company have 
not done so well. They purchased inferior machinery, 
and it has broken down repeatedly. 

The Herefordshire Steam Cultivating, Thrashing, 
and General Implement Company has been in opera- 
tion for but six or seven months, but it has already 
divided 5 per cent. upon its shares, and carried forward 
174 per cent. as a reserve fund. This company has 
four of Messrs. J. and F. Howard’s engines with trans- 
verse boilers, beine the first two pair made by that 
firm. The secretary, Mr. J. Phillips Smith, writes us 
that with these ‘we can go up any hill and 
** over the roughest ground. We have ploughed fields 
* abounding with large we have 
treams, gone over soft and shifting 


engines 


stones and rocks ; 


* erossed running 
* soil, but we have never yet been stuck fast, nor in 
‘any difliculty out of which the engines could not ex- 
* tricate themselves without aid and without break- 
““age. Indeed we have scarcely had a breakage with 
“ these engines, although they have been most severely 
“tried. ‘The engines are now very profitably em- 
* ployed in draining meadow land. In this county we 
* have a large scope for the drainage plough. 1 think 
‘with ploughing and cultivating in fine weather, and 
* drainmg and thrashing in the winter mouths, steam 
* plough companies will be a great success.” 

It is probable that most of the steam cultivation to 
be done in England will be carried out by steam plough 











companies. Liven a large farmer cannot be « xpected 
to purchase engines and t ickle costing 13002. or more, 
and capable of going through from ten to fifteen acres 
of land daily. A local company with two or three 
sets of machinery can accommodate perhaps a hundred 
farmers, on terms of mutual advantage. We have 
carefully examined the published accounts of several 


o 


of the steam plough companies, and after allowing for 
Sir George Grey’s blockade, now raised, they certainly 
factory results. It is to commercial 
companies that the British farmer is likely yet to look 
exclusively, or nearly so, for his ploughing, cultivating, 
The new system is only yet 


most sat iS 


sh yw 


draining, and thrashing. 
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FURRET SHIPS. 

NoruinG is more natural than to say that Captain 
Coles deserves a fair trial of his system of turret ships 

supposing the system to be his; and if it be not it 
equally deserves a fair trial. We have cut down the 
Royal Sovereign, and have built the Prince Albert, 
both turret ships, but neither is seaworthy, and so, 
we are told. “the trial is not fair.’ Why not? Be- 
cause Captain Coles asserts that other vessels, which 
ure represented to be seaworthy, have been built upon 
his system for foreign governments, and that it is prac- 
ticable to construct. «¢ qually seaworthy turret. ships for 
the Royal Navy. But it is not the question of sea- 
worthiness that we have to consider, for whatever may 
he the sea-going qualities of the Scorpion, the Wyvern, 
the Rolf Krake, or other turret ships there can be no 


doubt that perfectly seaworthy ships could be made 
having their guns m shot proof turrets only. Even 
were we to suppose the Royal Sovereign to be per- 

tly seaworthy, we should still have a number of 
most im] unt “questions to consider before we could 
decide in favour of turret ships instead of broadsid 


And it is while in the presence of these 


} ¢ ] 
questions that we most regret that any personal feelin 
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who believe it may be misinformed, as no doubt it 
may, or that it may advance opinions upon insufficient 
reasoning. 

Now the design and construction of ships are matters 
of reason and experience, and it is only upon reason, 
and from that amount of experience which even an 
engineer may collect and weigh properly, that we ex- 
press our conviction that turret ships will always be 
inferior to broadside ships of war. We believe that 
these reasons are open to the comprehension of all who 
care to examine the matter without prejudice, and we 
believe that by far the larger majority of our readers 
have no prejudice whatever either for or against the 
turret system. 

As every one may be supposed to know the capa- 
bilities of broadside ships, which are the only ships we 
have ever employed in war, the best mode of examining 
the question will be to ask what are the advantages of 
the turret system, as compared with these ships? Mr. 
Samuda told the House of Commons, the other evening, 
that ‘the idea of a cupola ship was this, to be able to 
‘put in any small hull very powerful and heavy artil- 
‘lery.” We quote Mr. Samuda because he is a promi- 
nent advocate of turret ships, which he still calls 
‘ cupola ships,” although Captain Coles has abandoned 
the cupola, and adopted Ericsson’s turret, a word from 
the French, tourelle, a little tower. The other alleged 
advantages of the turret ships are that they can 
mancuvre their guns in any direction, and that they 
may be made to present but a very small surface of 
hull to the enemy’s fire. We believe that the three 
alleged advantages which we have counted up, are all 
that are ever put forward in favour of the turret ships. 
At any rate, we can think of no others. Now we 
shall, we believe, be able to show clearly that it is only 
with respect to maneuvring the guns that the turret 
ships can have any advantage whatever ; and it is not 
difficult, we think, to show that this apparent advantage 
is outweighed by several serious disadvantages. 

As to the exclusive power of a turret ship with a 
small hull to carry heavy artillery, as declared with 
almost the authority of a physical law by Mr. Samuda, 
and, as is constantly repeated as a thing of course by 
the advocates of turret ships, there is nothing—abso- 
lutely nothing—in it. We dislike being dogmatical, 
but, to save time, it is often preferable to give conclusions 
first and their reasons afterwards. Let us suppose 
that we can make a gun of 20 tons’, or even 50 tons’, 
weight, and in either case the question of carrying it 
turns, not upon the consideration of turrets or broad- 
sides, but solely upon that of the flotation or displace- 
ment of the ship. Suppose we have a vessel only 
150 ft. long and 35 ft. broad, her sides being upright— 
and we are taking a very small craft indeed as a vessel 
of war—the weight of a 20 ton gun would add only 
about two and a half inches to her draught of water ; 
and even a 50 ton gun, or an additional weight of 50 
tons in any form, would increase the draught of water 
by about six inches only. Whether the ship have a 
turret, or whether she carries her single gun upon one 
or the other broadside, her power of carrying heavy 
artillery is precisely the same. It would be as absurd 
to say that only a turret ship could carry a large pair 
of engines, or large boilers, or a large quantity of coal, 
as to say that only a turret ship can earry a large gun 
or guns. So far as the carrying power of the ship is 
concerned, the gun is merely so much dead weight, 
like a deck-load of so many tons of railway bars, or 
coal, or a locomotive engine. What a ship can carry, 
not aloft, but upon or below her main deck, has 
nothing to do with the question of turrets or broad- 
sides, but is governed only by her size and form under 
water, or, in another word, her displacement. The 
size and form of vessels, under the water line, is not 
in question when we are debating the mode of carrying 
the armament. Captain Coles has never put forward 
any new form of hull, and even were he to do 
so, it would be equally applicable to turret guns and 
to broadside guns. Mr. Samuda, therefore, misstates 
the case altogether, and, to adapt his own words, 
‘the idea 
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only one, or two, or five guns were required in a regi- 





ment of infantry, or even of artillery. The offensive, 
or, let us say, the destructive powers of a ship are at 
least in proportion to the number of her guns, their 
weight and strength being supposed to be the same 
in each case. If a ship is to carry but one gun, we 
need not, of course carry armour along her whole 
length above her main deck, to protect it. The turret 
is a good protection, and it may be made to occupy 
but little room, and it may, when thoroughly armoured 
have comparatively but little weight. But again, we 
say, why Is a ship to carry but one gun? Or, why 
only two, or five? Itis not the mere weight of the 
guns, however heavy. Suppose them to weigh 50 
tons each—for we like to suppose the best case we can 
against which to argue—and no one can say that we 
may not yet have 50 ton guns. The Americans already 
have 20 inch cast-iron naval guns weighing 40 tons, 
without their carriages. Let us return to our small 
ship, 150 ft. long and 35 ft. beam, and let us suppose 
she has tolerably square bilges and that she draws 
15 ft. of water. Lengthen the ship, or rather her mid- 
ship body only 34 ft., making her 1534 ft. long, with 
the same ends as before, and she will displace 50 tons 
more upon the same draught. She will then carry 
two 50 ton guns as easily as she carried one before. 
Of course there is the extra weight of the hull of the 
ship, due to the additional length, and it may be that 
extra weight would need to be carried below, in the 
shape of engines and boilers, to insure steadiness for 
the added deck weight. We are taking a ship with 
a displacement of only about 1500 tons, and, if it 
would more fairly represent the case, we should not 
object to a ship of only 1000 tons’, or even 500 ton’s 
displacement. What we urge is that for every 75 tons, 
or, at most, 100 ton’s displacement at the same draught, 
we can add another 50 ton gun. It is true that every 
additional gun involves an additional weight in shot, 
powder, &c., and in accommodation for additional men. 
This we do not now consider. 

But we have, of course, to consider the weight of 
armour as well. With a 25 ft. turret, containing one 
or perhaps two 20 ton guns, we have nearly 80 ft. in 
circumference to be plated with armour. This armour 
must be as thick as broadside armour, and it must be 
carried just as high, since a gun-room requires the 
same headway, or clear height, in either case. Now, 
supposing us to be still restricted to one, or at most 
two guns, it is probable that 80 ft. in linear measure- 
ment of armour could not be better disposed than in a 
circular turret, but with a broadside ship we may go 
to almost any number of guns, and heavy guns too, and 
the destructive power of a ship must be in some pro- 
portion to her number of guns, of a given class. Let 
us add 160 linear feet of armour, and we may have a 
central rectangular battery 35 ft. wide and 45 ft. long, 
capable of containing from four to six of the largest 
euns, and if we suppose 320 linear feet of plating, we 
have room, not merely for four times the number of 
guns carried in the 25 ft. turret, but for from twelve to 
sixteen of the same class of guns. In the one case we 
have 1500 tons of displacement, and one or two 20 ton 
guns; in the other, say 3500 tons’ displacement, and at 
least twelve guns of the same weight, equally pro- 
tected by armour. But we have further to provide 
increased engine and boiler power to carry the eularged 
ship at a given speed, and with extra coal space, we 
may admit a Salma of even 4000 tons for the 
larger number of broadside guns. However the com- 
parison may be made, it will be found that the arma- 
ment of a ship may be increased to a much greater 
extent, in proportion to the displacement, total cost, 
and the engine power at a given speed, by adding 
broadside guns and armour, than by adding turrets and 
turret guns. If any one can establish the proposition 
that one or two guns are preferable to a dozen, then 
we will readily admit that the turret affords the beiter 
shelter. Indeed, no one should think of mounting but 
one or two guns as broadside guns. 

Next, as to mancuvring—the gun, however 
mounted, must be run out when loaded, and at _pre- 


sent this has to be done by hand. Whether in a 
turret or on a broadside. its own recoil sends it 
inboard. It must, in any case, be elevated and 


depressed by hand, in aiming. It is only its pointing 
to the right or left that can be facilitated by the 
turntable action of the turret. In other words, from 
100 tons to 250 tons of iron, forming the turret, may, 
possibly, be moved with greater ease than from 12 tons 
to 20 tons’, or even, let us say 50 tons’ weight of a 
single gun. And suppose the ship to have no power to 
manceuvre, the turret has the advantage that it can be 
turned so as to fire in any direction. ‘This is its chief, 
if not its only advantage. It has a “ command ol 
uearly or quite 360°, whereas the ordinary gun carriages 
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admit of pointing through a range of but about 50 or 
60°. But why not arrange the main deck battery so 
that guns may point not only on each broadside, but 
fore and aft sad upon each bow and quarter? Even 
supposing the ship to have no power of manceuvring, 
the guns could thus be made to command every point 
of the compass. Here it may be said, “ Suppose there 
“be but one object to hit, say a single ship or a shore 
“battery, then only one or two out of, perhaps, ten, 
“twenty, or even forty guns may be engaged.” The 
cases must be very few, however, where a ship cannot, if 
she like, show one broadside to her enemy ; and there 
may be and, indeed, certainly would be many cases 
where it would be necessary to open fire from both. 
And it is here that the superiority of the fire of a con- 
siderable number of heavy guns would tell, as com- 
pared with that from but one or two. The broadside 
may present a larger surface to be hit, but so, too, it 
eives more hits in return, and we might as well 
object to extending a long line of battle instead of 
massing troops in deep squares, because in the former 
case more men are exposed to the enemy’s fire. We 
may not be all of us sailors, or soldiers, or gunners, 
but the principles which govern attack and defence are 
simple, and even civilians may understand them if they 
care to do so. 

As for presenting less surface above water, the 
turret ship has nothing in its principle which can give it 
any advantage whatever over the broadside. If we 
decide to put but one turret and one or two guns in 
the whole length of a ship, and to roof over the rest at 
only a few inches above the water, so, too, we can 
place one or two broadside guns in the same length, 
and cut down and roof over the rest of the hull in the 
same manner. ‘This question of the extent of the ex- 
posure of the hull to fire is not one of turrets or of 


broadsides. It is one of seaworthiness and of habi- 
tability. Captain Coles might, if he had designed the 


new turret ship Monarch, have given her 3 ft. or 4 ft. 
of free board. The Admiralty officers insist upon 14 ft. 
We can but regret that they did not decide upon even 
more, and make a broadside ship of the Monarch, even 
if turrets were erected overhead. 

We cannot pretend to have exhausted the reasoning 
bearing upon the question of turret ships, but we are 
to keep in mind as indisputable facts, that the heaviest 
practicable guns can now be worked by hand at sea, 
and that a broadside ship can carry more guns in pro- 
portion to her displacement and cost, at a given speed, 
than any turret ship whatever. 


THE FRENCH RAILWAY SYSTEM. 
TuEReE are at present in France six principal groups 
or systems of railways, each of which is under one 
management, and which form the base of the network 
of railways with which that country is gradually being 
covered. They are as follows: 
Ist. The northern line, from Paris to Boulogne, 
Calais, Dunkerque, and the Belgian frontier. 

2nd. ‘the western line, from Paris to Havre, 
Dieppe, &e. 

drd. The central line, from Paris to Orleans, Bor- 
deaux, Nantes, &e. 

4th. The southern line, from Bordeaux to Cette, 
Bayonne, and Toulouse. 

5th. The Mediterranean line, from Paris to Lyons 
and Marseilles, with branches to Cette, Avignon, 
Dijon, Besancon, &e. 

6th. The eastern line, from Paris to Strasbourg, 
Chalons-sur-Marne, &c. 

These trunk lines have been conceded for a term of 
from thirty to one hundred years, the Government 
granting the soil on which they are built, and a part of 
the capital, either without any interest or at a very low 
rate, in consideration of which the Government divided 
the profits with the shareholders after a certain fixed 
rate of dividends on the capital stock from the earnings 
has been paid. Formerly there were, besides these, a 
few private conceded lines, such as the Paris-Rouen, 
Paris-Lyon, Paris-Orleans, Rouen-Havre, Boulogne- 
Amiens, &c., but since 1859 they have all been amalga- 
mated in one or the other of the six above-named 
systems. The creation of railway projects in France, 
the control exercised over them by the Government, 
and the relative position they occupy towards it, are 
distinctive features of the system, differing considerably 
irom those of other countries. 
in the United States, by far the most of the existing 
37,000 miles of railway have been built by private 
companies, who obtained their charters from the legis- 
latures of the various States traversed by their lines, 

which is generally granted upon mere application, 
in the hope (by both parties) that, when such a new 
means of traflic is established, lands will become pro- 





ductive which otherwise would remain uncultivated, 
or generally a new kind or amount of business be 
created, which will repay whatever sacrifices have been 
made. And in most eases this plan is successful ; 
the shareholders finding their profits not by direct 
remunerating dividends or rates of interest, which is, 
indeed, not often the case, but indirectly, by the 
increase of trade and the enhancement of the value of 
lands, town-lots, &e.—merchants and business men 
having often, in one year after such a railway was built, 
received an increase of profits, in cash, equal in amount 
to the sum invested by them in shares. 

In Europe the contrary takes place; it is the excess 
of traffic which calls for the increased facility and 
cheapness of conveyance which railways afford. But 
there is considerable difference between France and 
England in the manuer in which this necessity is com- 
plied with. In France, railways are considered objects 
of national interest, affecting and influencing alike the 
prosperity of the whole country. The Government, 
therefore, does not let private interest have any voice 
in the matter, but decides not only upon the terminal 
stations, but upon the location of the whole route and 
all the intermediate-stopping places, and guards the 
nygc against the abuses often inflicted by monopolies 
vy prescribing a tariff for the carriage of passengers 
and goods. It employs a staff of engineers, to whom 
the officers employed by the companies must submit 
their plans, which are not allowed to be executed untilthe 
former have approved them. Thus, on the one hand, 
great safety is insured by the enforced solidity of struc- 
tures and moving machinery, and on the other hand, 
while comfort is attended to, all luxuries, ornamental 
architecture, &c., are rejected, because they would 
unnecessarily increase the cost and required capital. 
This latter point is of considerable importance to the 
Government, as it guarantees to the shareholders a 
certain rate of interest. But this is not all; the 
Government engineers closely inspect the various 
structures, while in process of erection, and allow none 
to be used until approved by them ; and they ever after- 
wards maintain a vigilant surveillance over the operation 
of the line, prescribing the speeds of trains of all classes, 
codes of signals, maximum steam pressure in boilers, 
and the duration of usage of wheels, axles, and all 
other running gear upon which safety of transit 
depends. In fine, the Government decides upon all 
the leading features of the undertaking, without any 
reference whatever to individual interests. 

With such a system there is no need for the other- 
wise so often beneficial influence of competing lines ; 
it would be, on the contrary, very detrimental in a 
financial point of view, and hence such competition is 
not allowed, the Government keeping the legitimate 
territory of each line intact, and permitting no en- 
croachment thereon by allowing other lines to partici- 
pate in its traffic. This was shown in its decision of 
June, 1863, upon the question at issue between the 
Southern and Mediterranean Companies. The Southern 
having completed a new line from Bordeaux to Cette 
(within it own proper department), tried by a line from 
Cette to Marseilles to encroach upon the neighbouring 
territory of the Mediterranean Company, advocating 
this project on account of its advantage to the trade 
from the Strait of Gibraltar, which, no doubt, it would 
attract, and because it would lessen the distance 
28 miles. After a strife between the two companies of 
two years, the Government refused its sanction to the 
new project, and frustrated afterwards a second attempt 
of the Southern Company, when, by a line from Rhodes 
to Montpellier, it endeavoured to make a similar en- 
croachment. The new system of railway concession 
was adopted by the French Government in 1858 and 
1859. <A necessity began to be felt for branch or 
secondary railways, which, however, promised but 
little profit to their shareholders, and while the owners 
of the main lines naturally refused to allow the new 
projectors to participate in their dividends, it was diffi- 
cult, without a combination of the two, to obtain the 
capital required for them. The Government was thus 
compelled to guarantee such a rate of interest as would, 
with certain other advantages, make the shares of these 
branch lines acceptable in the money market. The 
concession system of 1858-59 consists hence principally 
in a guaranteed interest for fifty years of 4 per cent. 
upon such capital. Half of the net income of the old 
or main lines, after deduction of 4 per cent. interest 
upon their shares and all other charges, is not to be 
paid to the Government as formerly, but added to the 
revenue of the new lines until after 1872, when the 
Government shall again divide the clear profits with 
the shareholders, and the guarantees paid by it shall be 
refunded out of the income of the new lines so soon 


of 4 per cent. Thus the old lines under their former, 
and the new lines under the new concessions, will have 
separate accounts and interests for 50 years, after which 
they will become one. 

In this respect the French system compares favour- 
ably with that of England, where the main lines would 
yay well if the profits were not consumed by branch 
ay the construction and operation of which have, 
notwithstanding, to be submitted to, to prevent com- 
petition. 

At the end of 1862, the total length of conceded 
lines in France amounted to 18,430 kilometres (11,456 
miles), of which 7332 kilometres were not yet con- 
structed. The total cost was estimated at 2500 million 
frances, of which 350 millions was then placed to the 
account of the Government. The present length is 
20,392 kilometres, showing an increase of 1962 kilo- 
metres, or about one-ninth of the total and nearly one- 
third of the above stated unbuilt length. But the 
guarantees have risen to 368 millions, to which 
102 millions is still to be added for other public works. 
The total guaranteed railway debt .is now about 
4040 million francs, without counting the cost of the 
Algerian lines. And even this sum is only approxi- 
mate, and cannot be relied upon as the iron es total, 
which will be apparent when we mention the instance 
of one new line which in 1859 was estimated to cost 
15 millions, and proved in 1863 to cost a little over 
80 millions—an error of about 433 per cent ! 

To illustrate better the development of the French 
railway system, and the consequently constant increas- 
ing obligations of the Government, we will cite the 
instance of the Mediterranean line, or group of lines, 
from Paris to Lyons and Marseilles, which, in reference 
to total length, business capacity, expansion, and 
capital, is not only the largest concern of the kind 
in France, but also in the world. Its concession is for 
ninety-nine years, from Ist January, 1860, to 31st 
December, 1958, and includes, at present, in its 
management the old Paris and Lyons, the Lyons and 
Mediterranean, the Lyons and Genoa, part of the old 
Central and of the Bourbonnais line, and many other 
lines and branches. 

The old system or groups comprised a length of 
2558 kilometres, with a cost of 1060 million frances, the 
new groups, 3219 kilometres, with 1258 million francs, 
giving the enormous total of 5807 kilometres (3590 
miles), with a cost of 2315 million franes (nearly 100 
million sterling), under one management ! 

The present difference in the financial management 
of these two systems originated, as stated above, in the 
disinclination of the shareholders of the old lines to 
divide their profits with those of the new lines, or, which 
is the same, to see them diminished. As, however, the 
latter, without some outside support, could not be 
built as the Government deemed necessary for the public 
good, the Government determined to insure their share- 
holders against loss, by becoming responsible for the 
payment of a fixed rate of interest. Th this arrange- 
ment the old system or group is not included, but it 
possesses in the superior trathe of its trunk lines an 
equivalent of a far more profitable character. 

The old group or system of this company is made up 
of the following lines : 





kilos. 
Main line to Lyons, Marseilles, including ) 4 9,¢ ; 
many small branches ij - = 1968.9 
On the left bank of the Rhone—Tarascon to 
Cette, Alais to Ponzin, La Voulte to} 468.2 
Givors, &e. ia rate hie ‘ie 
Marseilles to Lorgnes ab 119 
Dijon to Belfort as Se ies 259 
Besancon to Bourg ... ose ae ‘ 207.5 
Lyons to Geneva ___... si Sa wile 236.5 
Total ... soe = 008 


The new system, or group, is composed of the fol- 
lowing lines : 





as this latter also exceeds the regular rate of interest 


kilos. 
Part of the Bourbonnais line from Moreb to 
Lyons, through Roanne and St. Etienne, > 706.3 
St. Germain des Fossés to Brionde, &. ... 294.4 
Auxerre to Nevers and Cercy-la-Tour,Chagny) , 33 6 
to Nevers, Moulins to Montchanin... ... er 
Nuits to Chatillon, Dijon to Langres, &c. .... 148 
Lyons to Grenoble, &c. abaisaanets Se8i).¢ne ae 
Branches of the Dijon-Belfort line ... ... 195.5 
Gray to Vesoul ms Besanoon, 2. 2, o-, 119 
Savoyan line—from Avignon to Gap, Gap t 431.9 
Grenoble, and to the Sardinian frontier ... ‘ 
On the right bank of the Rhone—Brionste to 249.9 
Alais, and Lunel to Vigan... ee one ae 
tis Ges, ste, se, 3 
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We translate from the “ Econ. Rev. d. d. Mond. Bull. 
d. Lois 1859, Série 11” the following additional condi- 
tions agreed upon by the Government and: the old 
company, that is, the administration of the old group of 
lines, relating to the disposal of its net income, after 
deduction of all working expenses and other charges, 
including interest on shares and loans, viz. : 

“ 1st. Three per cent. of the net income shall be put 
“ aside for a reserve fund for unforeseen contin- 
“ gencies ; but the same not to exceed 10,000,000 
“ frances. 
2nd. From the year 1907 such a sum shall be re- 
“served as is required to redeem the whole ca- 
“ pital stock within five years of the term of con- 
“ cession (31st Dec., 1253). 
3rd. A sum equal to 4 per cent. of the capital 
“ stock shall be retained as a redeeming fund for 
“ unredeemed stock. 
4th. After these deductions, shall the balance up 
“to the amount of 8 per cent. of the capital 
“ stock in hands of Aol = Fram be divided among 
* the latter. 
5th. After all the lines conceded to the company 
are in operation, shall the net income of the old 
‘system (ancien réseau), whenever it exceeds 
‘ 37,400 franes per kilometre, be added to the 
* net income of the new system (nouvean réseau), 

“for refunding the guarantees paid by Govern- 
“ ment to shareholders of the new lines.” 

Truly, a very complicated arrangement, having many 
points, the bearings of which are not easy to under- 
stand. The conditions agreed upon between the Go- 
vernment and the administration of the new system is 
far simpler, viz. : 

Ist. The Government guarantees the payment of #7 
per cent. upon the capital absolutely required for con- 
struction, including a sum for amortisation during a 
period of fifty years, beginning from Ist January, 1865. 

2nd. The company to repay the money advanced by 
the Government for above payment of interest when- 
ever the clear income exceeds that rate. 

3rd. The Government to have, after the first fifteen 
years, at any time the right to purchase the lines upon 
payment of an annuity to the company during the re- 
maining term of the concession, which annuity is to be 
rated by the earnings of the best five of seven imme- 
diate previous years. 

The average working expenses of the combined com- 
pany have for the last five years amounted to barcly 
44 per cent. of the gross receipts. The old company 
earned for the year 1862 profits equal to a dividend of 
15 per cent., even after the many deductions imposed 
by the Government. At the same time the earnings 
are constantly increasing, and have been ever since the 
various lines have been in operation, whereas the work- 
ing expenses are constantly getting less. Taking it all 
together, it must be acknowledged that the French 
railway system, notwithstanding its cumbrousuess and 
immense complication, compares very favourably with 
those of other countries, especially when the great 
cheapness, regularity, speed, and safety of transit at- 
tained by it are brought into consideration. 


“ 


“ 





A YEAR’S SHIPBUILDING ON THE 
MERSEY. 

Durine the year 1865, the Mersey dockyards did 
not succeed in turning out as many new vessels as in 
the previous year; but the declension appears to be 
due, to a considerable extent, to the cessation of the 
American war. During the continuance of that 

at contest, the temptation to engage in the perilous 

ut exciting business of blockade running was too 
great to be resisted, and consequently the demand 
for vessels of great speed and light draught of water 
was as great as the builders could possibly supply. It 
is not, therefore, surprising that during the latter half 
of the year the shipbuilding trade should have received 
acheck. But as regards vessels constructed for the 
purposes of legitimate trade, the returns do not 
evidence any material falling off in the numbers or 
tonnage. A very large propor‘ion of the new vessels 
added to the Liverpool shipping trade, year by year, 
are constructed on the Clyde and in the Tyne ship, 
building yards, and this accounts mainly for the Liver- 
pool shipbuilding trade not keeping pace with the 
shipping trade of the port. The following particulars 


show what the Liverpool and Birkenhead shipbuilders 
have accomplished during the past year : 

On the Liverpool side of the Mersey there are eight 
leading yards—that of the Liverpool Shipbuilding 
Company, Limited, lately Messrs. Jones, Quiggin, and 
Co.; Messrs. Holderness and Chilton, Thomas Vernon 
and Son, R. and H. Evans, Potter and Co., Hart and 





Sinnot, Royden and Sons, and Mr. W. C. Miller; and 
five in Birkenhead—Messrs. Laird Brothers, Wood- 
side Graving Dock Company, Messrs. Clover and Co., 
Messrs. Andrews, and Messrs. Bowdler and Chaffer. 
The first-named, Messrs. Jones, Quiggin and Co., 
launched, during the year, the Curlew (screw steamer), 
409 tons burden; the Snipe, 409 tons; the Banshee 
(steam yacht); the Noor el Huda (screw steamer), 
421 tons; the Widgeon (paddle steamer), 410 tons; 
the Plover (paddle steamer), 409 tons; the Cairo 
(paddle steamer), 134 tons; the Vauxhall (paddle 
steamer), 133 tons; the Liverpool (paddle steamer), 
133 tons; the Soudan (screw steamer), 108 tons; the 
Midland (paddle steamer), 1622 tons; the Great Nor- 
thern (paddle steamer), 1622 tons; the Camel (paddle 
steamer), 188 tons; the European (screw steamer), 
1684 tons; and the Venezuelan (screw steamer), 1688 
tons; making a total of fifteen vessels, with an aggre- 
gate of 9363 tons burden. We may mention that the 
two steamers, Midland and Great Northern, have been 
built for the Liverpool and Dublin Steam Navigation 
Company, and have been placed on the line which has 
been formed in connexion with the Midland, Great 
Northern, and Manchester, Sheffield, and Lincolnshire 
Railways. 

Messrs. Holderness and Chilton launched during the 
year the General Lee, 1031 tons; the Eliza Walker, 
132 tons; and the Jacques de Molay, 411 tons— 
making a total of 1574 tons, in addition to a large ship 
of upwards of 1000 tons, intended for the China and 
East India trade, and nearly completed at the end of 
December. The ships of Messrs. Holderness and 
Chilton are constructed on the composite principle, 
—- by Mr. Henry Jordan, the iron framework 

ing longitudinal instead of vertical, with wooden 
diagonal planking, which, it is said, renders the ship 
stronger than the modern iron vessels. But, from the 
limited number of ships so constructed, this would 
appear to admit of some doubt. At all events, it is 
pretty evident that shipowners in general do not con- 
sider the ordinary purposes of trade and commerce to 
require stronger fw 2 than those now constructed in 
the iron shipbuilding yards. 

Messrs. Thomas Vernon and Son launched a number 
of large Fast Indiamen, including the Cursetjee Fon- 
dongee, 1199 tons; the Krishma, 966 tons; the Car- 
nand, 592 tons; the Cormorant, 1073 tons; the Runac, 
593 tons; and the Nerbudda, 961 tons. Messrs. 
Vernon have now removed to their new premises at 
Seacombe, which are much better adapted to their ex- 
tensive business than their former establishment at the 
Brunswick Dock ; and, indeed, their yard at Seacombe 
will bear favourable comparison with any shipbuilding 
establishment on the Mersey. 

From the yard of Messrs. R. and H. Evans there 
were launched the Coronilla, 584 tons; the Garland, 
600 tons; the Don Baltazzar, 544 tons; and the Ex- 
slorer, 749 tons, besides five others not quite ready for 
aunching in December, their united tonnage being 
3158 tons, and the tonnage of the whole, 5,574 tons. 

Messrs. Potter and Co., in addition to a number of 
barges and the construction of a large number of iron 
masts and yards, and the business of a most extensive 
forge which they have connected with their establish- 
ment, have turned out three vessels, the River Mersey, 
501 tons; the Siam (screw steamer), 175 tons, and the 
Zanoni, a composite ship, 338 tons—making a total of 
1014 tons. 

A large steamer called the Oriflamme, 1369 tons, 
and a screw named the Augustine, 712 tons, were 
launched by Messrs. Hart and Sinnot, besides a large 
sailing ship of 1200 tons, and a screw of 800 tons, 
launched in 1866. 

Messrs. Royden and Sons have launched five vessels 
of large dimensions, namely the Sir Henry Lawrence, 
1200 tons; the Knight Companion, 1421 tons; the 
Sarah Anderson, 600 tons ; the Don Enrique, 500 tons, 
and the Yamuna (screw steamer), giving a total of 
4678 tons, besides two sailing vessels partly constructed 
during the year, and a large ship of 1300 tons, still on 
the stocks. 

From the yard of Mr. W. C. Miller, there were 
launched six vessels—the Atahualpa, the Mersey, the 
Zadkiel, the Bolivar (screw steamers), and a small 
schooner—giving an aggregate tonnage of 208], in 
addition to a large number of barges intended for the 
Indian rivers. ¥ 

The magnificent works of Messrs. Laird, Brothers, 
at Birkenhead, have been fully employed during the 
vast year, and no fewer than twelve large vessels have 
veen launched, exclusive of H.M.S. Agincourt, the 
engines of which we described in a recent num- 
ber of EncGinerrinc. The vessels so constructed 
are the Penguin (paddle steamer), 1050 tons; the 








Isabel (paddle steamer), 1050 tons; the Ottawa (screw 
steamer), 1675 tons; the Queen, 3250 tons; the 
Minerva (screw steamer), 1000 tons; the Alert (pad- 
dle steamer), 240 tons; the Columbus (paddle steamer), 
260 tons; the Maipu, 593 tons; the Zara (paddle 
steamer, wood), 450 tons; the Sorabjn Jamsetjee J eejeb- 
hoy, 1160 tons; and the Bellona, 1325 tons. ‘The 
tonnage of the Agincourt is 6620 tons, and the agere- 
gate tonnage of the vessels we have named 13,157 
tons — making together 19,777 tons launched by 
Messrs. Laird, Brothers, in twelve months, besides 
about 11,000 of shipping on the stocks at the close of 
the year. 

The Woodside Graving Dock Company launched the 
Chusan, 817 tons; and Messrs. G. R. Clover, and Co., 
the British Princess; 1230 tons, and the British 
Monarch, 1261 tons, for the British Shipowners’ 
Company, Limited, and the Ganges, 1185 tons—making 
3676 tons. 

Messrs. Bowdler and Chaffer launched the Margaret 

Longton, 458 tons; Alfredo, 395 tons; the Jane 
Bacon (screw steamer), 473 tons; the Kirkless (screw 
steamer), 305 tons; the Swansea (screw steamer), 
234 tons; and the Agnes Jack (paddle steamer), 481] 
tons. Giving an aggregate of 2346 tons, besides a 
large vessel launched since the beginning of the present 
year. 
Messrs. Andrews launched from their new yard the 
ship Riversdale, 1490 tons, which has been built on 
their composite principle, her framework being of iron, 
vertical with longitudinal wooden planking, which pre- 
cisely reverses the order followed by Messrs. Holder- 
ness and Chilton, above referred to. 

These particulars give a total of seventy-three vessels 
built on Poth sides of the Mersey during the past year, 
with an aggregate tonnage of 50,484 tons, or, including 
the Agincourt, seventy-four vessels and 57,104 tons, 
Birkenhead contributing twenty-four vessels, with an 
aggregate of 28,134 tons, and Liverpool fifty, with an 
aggregate of 28,970 tons. With one or two exceptions, 
all the vessels have been constructed of iron and steel; 
and of the seventy-three trading vessels launched, 
thirty-five were ordinary sailing vessels, nineteen were 
paddle steamers, and nineteen screw steamers. 





Tue THaAmes EmBANKMENT.—At the last meeting of the 
Metropolitan Board of Works, Mr. Bazalgette, the engineer to 
the Board, presented his usual monthly report on the progress 
and cost of the Thames Embankment Works, &c. It reported 
that works on the contract for the embankment between West- 
minster and Waterloo-bridges, a length of 1386 ft. of low level 
sewer, 1080 ft. of subway, 284 ft. of flushing sewer, 1604 ft. of 
small drains and intercepting sewers were completed. With 
respect to the contract between Waterloo-bridge and the Temple, 
only very limited progress had been made. The works at the 
Abbey Mills pumping station were progressing in a verv satis- 
factory manner, the whole value of the work done being 17,9282, 
of which 1755¢. was due to the progress made in the past month. 
With respect to the Thames Embankment on the south side of 
the river, he reported that Mr. Webster had completed 1600 ft. 
of dam, 1800 ft. of stage piling, in which had been used 170,700 
cubic feet of timber, 94 tons of iron, and 4000 cubic yards of 
clay. There was plant on the ground to the value of 24,0002, 
and granite was also arriving on the ground for the permanent 
works of the embankment. On this report Mr. Roche condemned 
the very little progress made with the Thames Embankment 
works, which led to an expression of opinion by several members 
that they would not be completed for two years; and as the 
Underground Railway would then have to be constructed, the 
benefits expected to be derived from the Thames Embankment 
might be deferred for three or four years. ‘The ‘Thames Em- 
bankment Committee were directed to report forthwith as to the 
cause of the delay. 

Tue Coruiss Encine.—Mr. J. Frederick Spencer, of New- 
castle-on-Tyne, some two or three years ago made some im- 
provements in the liberating valve gear of the Corliss engine, co 
as to better adapt it to high speeds. His first engine with this 
improvement, and designed to indicate 150 horse power, has 
been running for more than two years at a woollen mill in Brad- 
ford, and at a speed of 90 revolutions per minute. Last year 
Mr. Spencer started a pair of horizontal engines on the Corliss 
principle, having 88in. cylinders and 5 ft. stroke, at another 
establishment in Bradford, and these work regularly at 50 revo- 
lutions per minute, or 500 ft. of piston per minute. Still later, 
he has started a Corliss engine, working at 100 revolutions, at 
Messrs. Titus Salt and Sons, at Saltaire. All these engines 
were constructed by Messrs. Losh, Wilson, and Bell, at Walker 
Ironworks, Newcastle-on-Tyne. Under a transfer from Mr. 
Spencer of his patents, Mr. William Inglis, of Manchester, is now 
having Corliss engines made by Messrs. Losh, Wilson and Bell, 
by Messrs. Benjamin Hick and Son, of Bolton, and by Messrs. 
Manlove, Alliott and Co., of Nottingham. Mr. Inglis is a Cana- 
dian engineer, and, with the exception of Mr. Spencer’s improve- 
ments, has, we understand, designed all the Corliss engines yet 
made in this country. 

Heavy Toois.—Messrs. W. Collier and Company, of Man- 
chester, have now in course of construction one of their Mr. 
Fletcher's duplex-planing machines, having a bed 40 ft. long, 
and weighing 19 tons, cast and planed in one piece. The whole 
machine wiil weigh between 55 tons and 60 tons, Another 
large tool in progress is a drilling machine, with a 9 in. spindle, to 
feed down 8 ft., and the whole weight of which will be between 
35 tons and 40 tons. ‘This is for boring out large wrouglit-irou 
cranks, side levers, &c., for marine engines, 
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ON ARCHED ROOFS. 

Ox Monday evening a paper upon arched roofs was 
read before the Society of Engineers, by Mr. Carl 
Wessely, Mr. Zerah Colburn, the president, in the ehair. 

The present paper does not aspire to exhaust the very in- 
teresting subject of arched roofs as it stands at present before 
the profession. Its purpose is only to describe some structures 
of this kind recently carried out with success, and to make a 
few comparative remarks upon their main features and merits. 
In offering the same to this society it is the hope of the author 
to elicit valuable criticism from different quarters, and by a 
discussion of a subject on the theory and practice of which very 
little has been published hitherto, to throw more light upon the 
many important questions connected therewith. It is a deside- 
ratum universally felt in the engineering profession to have as 
complete as possible a collection of the designs and details of 
important engineering structures: a contribution towards such 
a collection, however incomplete, may not be thought out of 
place before a society entirely devoted to the advancement of 
engineering science. 

Arched roofs are the production of the conjoint requirements of 
beauty and strength. So long as a roof is destined to serve as a 
mere object of utility, an engineer would spend very little trouble in 
designing fine outlines and selecting noble proportions. Economy 
of material and workmanship dictate such plainness of design 
that, firstly, the engineer shall be able to take out the strains so 
minutely, as to reduce the sectional area to a ninimum; and 
secondly, that the roof is carried by itself and does not induce 
any transverse strains in the structure supporting it. ‘The usual 





* The upper figures represent the roof of the Derby Market 
Hall ; the lower tigures the roof of the Dublin Exhibition Palace, 
reduced from the original drawings kindly lent us by Messrs.. 
Ordish and Le Feuvre. 

















triangular principle is adopted in such cases. It is a very dif- 
ferent matter = oh a roof is to be made for an architectural 
building, for instance a large hall, where it is often’ the main 
feature of the structure. Fine outlines and simplicity, two main 
components of noble appearance, will be required most particu- 
larly. No obstructions to the view, as ties, struts, &c., are ad- 
missible. Architecture having been always represented in 
stone, forces its newly acquired material, iron, into the customary 
shape of the pure arch. A more or less powerful horizontal 
thrust has now to be provided for, and a certain deficiency in 
the practicability of minute calculation of strains under unequal 
loads, must be compensated for by the sound judgment of the 
engineer. Many different arrangements can be embodied in the 
structure supporting arched roofs, for taking the horizontal 
thrust, but no rules can be given for it In each separate in- 
stance the arrangement must be adapted to the peculiar nature 
of the case, and depends for its degree of pertection entirely 
upon the skilful design of the engineer. A few words on scien- 
tific investigations with regard to wrought-iron arched ribs, may 
not be out of place, before beginning the description itself. 

The calculation of strains in arched roofs is one of the most 
difficult mathematical problems it engineering, partly on account 
of somewhat complicated — on which a thorough inves- 
tigation should be founded, partly on account of a great variety 
in the position of the different parts of the structure. 

Unfortunately there is very little information on this subject 
to be found in English engineering literature, and not much more 
in that of other nations. The following is submitted as a means 
of approximately investigating the stability of wrought iron 
pol ribs. 

It is well known that the way of ascertaining the stability of 
a stone arch is to draw the curve of equilibrium, which must 
remain within the depth of the voussoirs of the arch. 

This is not necessary in the case of iron arched ribs, which can 
be strained by tension as well as compression. 

The outer forces, which act upon an arch are, (1) its own 
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weight; (2) the vertical; (8) the horizontal pressure due to the 

resistance of the abutments. The latter is transmitted unaltered 

through the whole of the arch, since there is no other horizontal 

strain acting upon it but that of the abutments; (4) the pressure 
wind and snow. 

In every arch there must be somewhere one particular point 
in which this horizontal strain is not co-existing with any vertical 
force; therefore, if we cut the arch through this point in two 
pieces, in either of them the state of equilibrium will be conserved 
by replacing the action of the other by that horizontal strain, 

This point is coincident with the point of action for the re- 
sultant of all the vertical forces acting on the whole arch. 

Thus in an arch under its permanent load, the section before 
mentioned will be at the crown; in an arch under both its per- 
manent and unequal loads, it cannot lie inits crown. The curve 
of equilibrium passes through that section with its vertex. 

The way to find the horizontal strain is as follows: 

Given a semi-circular arch, loaded on m points, whose hori- 
zontal distances from the left hand springing are 2 21... 2a, 
with weights pi p,...p, accordingly, and x m the distance 
of the vertical section betore mentioned, we find p, 21+p,@, 


js 0.0 + Pala = in p«x—H y, where H is the horizontal 
strain and y the rise of the curve of equilibrium. 

= px=Hy | does not determine H 
or y, but assuming one of them, it ascertains the other. 

By taking y—y" (the height of the neutral fibre in section 
m) the vertex of the curve is drawn through point C; H is thus 
determined, and section m is in compression according to H. 

_ It is quite clear that not all the other points of the curve will 
in this case fall within the neutral fibre of the arch, but will 
take the position as shown by the dotted line, though it must go 
through the supports. This causes a tendency for point B to 
move in the direction of the arrow, and strains in the flanges at 


This equation 





that place will be effected accordingly. 
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If the flanges of the rib in B should really not be strong 
enough to withstand this strain, there is no necessity yet that 
they should break, but the case will be as follows: 

y", —y is assumed, so that the curve of equilibrium passes 
through b, and renders this point to be simply in compression. 

—im 
2, P* 
H is determined by the equation Hy — ma and acts on a 
1 
lever=y m,, or in regard to section m on a lever y m,—y m, and 
will effect a compression in the upper flange and a tension in the 
lower one at this place. 
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Thus the fact that the section at B is in mere compression is 
conditional, and depends entirely on the presence of the said 
strains in the flanges at section m. 

In respect to these considerations, it is certain that stability 
and rigidity of an iron arched rib can be fulfilled by different 
arrangements. 

Although it appears strange at first sight that in an arch, of 
which the architectural outlines are given, there should be no 
restriction in assuming the rise of the curve of equilibrium, 
according to which the different sectional areas could be deter- 
mined, and that nevertheless the stability of the structure can 
be effected, this will become obvious from the following example: 

Given an elliptical arch, in which the different areas in flanges, 
&c., have to be determined, the distances of the points where 
the loads act, and the loads are determined. 

Then the equation =px = Hy can be formed, by which it 
can be seen that H, the horizontal strain, might be taken ad 
libitum, and that y will then be ascertained according to the 
equation. For instance, y may be taken equal to a!, which is 
greater than the rise of the arch, the vertex of the curve will be 
in C', and its branches will go through the points of support, as 
shown in sketch. 





Hi! is determined by putting a' for y in the equation. 

The = of this curve leads to the remark, tliat in the 
crown, besides the horizontal strain H), which is transmitted 
through the structure and taken by the abutments, there will 
be « certain tension in the lower, and a compression in the upper 
flange, due to H, acting on the lever CC, ; and that, following 
the line of the curve from C, towards A, or A, there is a point 
B, or B on each side, where the curve of equilibrium intersects 
the neutral fibre of the arch, and where only compression 
exists. 

The segment between B, and B therefore acts as a girder, 
while the joints at these points could safely be replaced by hinges 
as long as the load is equally distributed. The abutments will, 
in this case react with a horizontal strain equal to H,. 





Now, instead of the abutments, a tie may be supposed between 
A, and A, and a screw in it, to effect any required horizontal strain 
on these points, and it may be arranged so that this horizontal strain 
is = H’. By putting this H” into the equation, the calculation 

ives y = a”, which is smaller than the rise of the arch. 
C” A is now the curve of equilibrium. 
e horizontal strain H” is transmitted through the crown 








unaltered, but, besides this, there exists at the crown tension in 
the upper and compression in the lower flange, due to H” and the 
lever Cor, on which it acts. According to the curve assumed in 
this case, the whole of the arch will act as a girder under forces 
acting upwards, and the dimensions of the flanges and diagonals 
have to be determined accordingly. 

No doubt, by means of the supposed screw, a horizontal 
strain, H can be applied to the arch, so that the correspond- 
ing y becomes equal to the rise of the arch a, in which 
the entire section at the crown is in compression due to 
the force H. In other words, by means of a tie and a 
screw in it, the curve of equilibrium can be forced to pass 
through the crown, or through any other point in the vertical 
C'C*:, and if the material is distributed in the structure accord- 
ing to a certain curve of equilibrium, it will enable the abut- 
ments to bear the horizontal strain belonging to this curve. 

On the other hand, this does not require that a wrought-iron 
arched rib of a certain shape must have abutments of a certain 
strength, there being even a chance for the stability of an arch 
without any abutment or tie. The only consequence of this is, 
that the rise of the curve of equilibrium becomes O°, and the 
horizontal strain by the equation becomes 0. 

The crown of the arch will, therefore, be strained asif it were 
the centre of a straight girder of the length AA. Now the 
question arises, which curve of equilibrium, among so many 
which do not exclude a chance of constructing the arch, will be 
that one according to which the least quantity of material is 
required ? 

Although the solution of this question with mathematical 
accuracy is a matter of almost impracticable complexity, the 
following consideration leads to a sufficiently practical result: 
namely, it can be proved by simple calculation, and by many 
instances of practical engineering, that a certain load distributed 
over a given space can supported in a more profitable way 
by an arch, in which only compression prevails and which rests 
between abutments, than by a straight girder. Therefore it is 
more profitable to arrange the material in a structure so that it 
is strained only by compression, than to have compression and 
tension coexisting in every part of the structure. 

From this trath a rule can be derived to lay the curve of 
equilibrium so that its points may be as close as possible to 
those of the neutral fibre. 

The further calculation of strains in the different parts of the 
structure (flanges and diagonals), can be dealt with by starting 
at an intersection of the curve of equilibrium with the neutral 
fibre, where the strain is known from the curve and continuing 
by proper combination of this strain with the vertical loads. 


Main Arched Roof of the Dublin Exhibition Palace 

and Winter Garden. 

The area devoted to the portion of the exhibition covered by this 
roof is 218 ft. 10 in. x 50 ft. 6in. The space occupied by the 
Winter Garden, which is covered by a similar kind of roof, is 
358 ft. 6 in. x 50 ft. 6 in. having a transept 33 ft. 8 in. wide and 
50 ft. Gin. long. These two areas are divided respectively into 
13 and 21 bays of 16 ft. 10 in. as shown in the figure. It is pro- 
posed to consider the various details together, that is to say the 
roof proper comprising the principals, purlins and covering, and 
the supporting structure, with the arrangements for taking the 
horizontal thrust. 

The outline of the arched rib principal is semicircular, the 
radius of the intrados being 20 ft. 6}in., and the extrados 
28 ft. 1jin. The rib is thus at its crown | ft. 6 in., and at 
its springing 2ft Sin. deep. It consists of a bottom and 
top flange each of 2 | irons 3} in. x 24 in. x 2 in. through- 
out its length connected together by diagonal bars. The 
four diagonals next to the crown of the rib are 24 in. x jein., 
the next three are 23 in. < }in., then follow three of 
3in, X }in., and the last three are 3} in. x ys in., the rivets 
for connecting the diagonals to the flanges being ? 3 and 
1 in. in diameter according to the strength of the diagonals. At 
their intersections the diagonals are connected by jin. rivets. 
At each point where the dimensions of the diagonals vary, the 
purlins are fixed. There are therefore three purlins on each 
side exclusive of the ridge purlin at the top. The purlins are of 
cast iron, and their construction is well adapted for securing 
water-tight joints where the covering is fixed tothem. They 
are cast in lengths of 16 ft. 10 in., 9} in. in height, and 2 in. 
thick, the bottom flange being }in. thick. The web of the 
purlins is ornamentally perforated, the perforations being 
giazed, and the joints of the purlins chipped. For connecting 
the purlin firmly to the rib, and to give it a certain amount of 
lateral stiffness, two ornamental brackets are fixed by four bolts, 
1 in. diameter, to the rib, so that one end appears to support the 
— to which it is well bolted, and the part fixed to the rib 

eing 4 in. in thickness acts as a stiff strut. 

Under each of these brackets of fin. metal an ornamental 
finial is fixed to the soffit of the rib, on which a 7 ft.x Zin. 
board is fastened to cover the open space between | irons. ‘The 
two upper bolts of those connecting brackets to ribs serve for 
fixing the wind ties, the ends of which are flattened down in the 
usual way, and have right and left-hand screws for adjustment. 

The roof of the Exhibition Palace is covered with Italian zinc 
and glass. The zine is No 14 gauge on rolls 3 in. x 1}in. about 
1 ft. 2} in. apart. - 

The winter garcen is covered with glass on sash bars 2} in., 
and 2hin.x1}in. about 1ft. 2fin. apart. The glass or zine 
overhangs centre of top flange of purlin 4} in. 

The ventilation in this roof is effected by a novel arrangement 
at the top. The ribs carry in their centre cast-iron standards, 
which are connected at the top on each side by one | iron 
3} in. x8} in.x}in., for supporting the covering and giving the 
standards lateral stability. The space between these two angle 
irons is used for ventilation, and can be opened or shut by means 
of a valve consisting of a piece of convex sheet iron fixed toa 
spindle running along the roof and having a bearing in each of the 
cast-iron standa 

At certain places pulleys and balance weights are fastened to 
the spindle, from which a cord goes down to the floor of the 
building. By means of this cord the spindle and valve can be 
turned, and the opening or shutting of the ventilator controlled. 

The whole — is covered 3 a piece of corrugated zinc 
forming the ridge, and fixed on small cast-iron supports. 





The main ribs weigh each 23 tons. The weight of purlins in 
one bay is 1 ton 1 cwt. 21}b., and the weight of brackets for one 
bay is 5cewt. 421b. The entire weight of wrought and cast iron 
in one bay, exclusive of covering, is 3 tons 14 ewt. Each of the 
ribs is supported by a cast-iron column, 45 ft. high from floor level, 
in three lengths. There are other series of columns, 32 ft high 
in two lengths, 16 ft. 10 in. apart from the columns supporting the 
main roof, thus forming squares of 16 ft.10in. The first tier 
columns carry at a height of 15 ft. cast-iron girders 2 ft. deep, 
with ends widened out to brackets supporting the flooring of the 
gallery. Ata height of 32 ft. they carry a cast-iron arched roof 
of 13 ft. 5in. clear span. The inner columns support the ribs 
by brackets which are cast on the clerestory columns, the inner 
curve of which completes the semicircle of 24 ft. 6}in. radius. 
The base of the rib is simply bolted to the top of springers with 
No. 6 1-in. bolts. 

The horizontal thrust is transmitted by this bracket, and a 
flying buttress fixed tothe column. The cast-iron principal of 
sinall roof is fixed to the inner and outer columns by bolts. 

This thrust tends to overthrow both columns outwards from 
the top, but they are strongly connected under floor level by a 
cast-iron girder 1 ft. 6in. deep, and thus form, with the upper 
gallery girder and the arched roof, a strong frame. By having the 
connexions made sufficiently strong, and the columns increased 
in thickness at the required parts to enable them to bear the 
transverse strain, this frame becomes perfectly rigid, and takes 
the horizontal thrust without the aid of diagonal bracin g. 

The columns are cast in two lengths, one portion extending 
to the top of the gallery girder, and the other to the lower and 
upper gutters in the first and second tiers. ‘They are connected 
by four lin. bolts, two of which fasten the tie rods for the 
diagonal thrust of gallery flooring directly to the column. The 
greater part of the permanent and moving load of the gallery is 
thus brought directly on to the columns, and the gailery girder 
is left to take the thrust of the ribs. 

The capital of each column supporting springing of cast-iron 
side roof, is formed ly brackets projecting from each side, leaving 
the column itself to pass through. ‘The water is carried off from the 
gutters of the main roof by the columns. The two sides acting 
as flanges in relation to the transverse strain arising from hori- 
zontal thrust is 7 in. thick, the remaining two sides are % in. 
thick. The longitudinal girders of the gallery are connected to 
the columns by dovetails cast on the columns at each end, fitting 
into corresponding grooves cast in the ends of columns, allowing 
4 in. space, which is run with lead. 

The bottom girders have 5§ square inches sectional area in 
the top and bottom flanges, and are widened out at botl ends so 
as to forma sort of square box, to which the bases of tie columns 
are attached by four 14 in. bolts. The columns with boxes and 
girders rest on foundations of concrete. The flying buttress is 
composed of several pieces shown in the detail drawings, the joints 
being applied so as to secure correct action aad good workmanship. 
The weight of iron work in one bay of supporting structure is 
7 tons 18 ewt. 


Arched Roof of the Derby Market Hail. 

The area covered by this roof is a rectangle 192 ft. long 
and 86 ft. 6in wide. It is divided into eight bays of 24 ft. each. 
The roof is hipped at both ends, and therefore there are only five 
ordinary principals of 81 ft. 5 in. clear span. ‘The principals 
consist of wrought-iron arched ribs, the inner and outer curves 
being true circles struck from the same centre, with radii of 
43 ft. 9in. and 41 ft. 5 in. respectively, the springing of rib being 
7 ft. Gin. above centre. The height of rib at crown is 62 ft. 10 in. 
above the floor level. The wrought-iron rib is of the same depth 
throughout, and consists of +; in. web, and top and bottom 
flanges each of two L_ irons 3} x 34 x vu. 

At every alternate supporting place of the purlins the web is 
joined by means of a joint plate 1 ft. 9 in. x 10} in. } in. 
thick, which plate is also rivetted on to the web at the other 
purlins as a strengthening plate. Angle.irons extend always 
over two lengths of web. The web is ornamented in an original 
way. A neat design of holes is punched out of the solid plate, 
leaving the material intact where it acts in a similar manner 
to diagonals. As holes show much better than mere lines or 
raised ornaments, the effect is much more powerful ; besides, it 
seems the only right way of ornamenting a plate girder, because 
the main construction lines, adapted to certain scientific laws, 
are not only left intact, but even brought ont to a greater extent. 
Ornamentation by casings and ornaments stuck on may be 
sometimes really required, but if the real working structure can 
be made in itself good looking, its merit is by far greater. These 
holes (about 6 in. in diameter, the larger ones) were punched 
out by a simple screw press, with long levers and heavy weighits 
attached to them. When brought once into the swing, the mere 
momentum suffices to drive the punch through the plate, which 
is xs in. thick. The base of rib is horizontal, 2 ft. long, while the 
top flange is 2ft. 5in. above, carried vertically down. It is 
fixed by eight 1 in. bolts, on each side of the web, to the support- 
ing cast-iron column, the angle irons of the bottom flange being 
carried round horizontally for that purpose. Rivetting is done 
throughout with jin. rivets, about 4in. pitch. A board, 8} in. 
wide by | in., is fixed to soffit of rib for mere appearance. fhe 
rib carries wrought-iron lattice purlins, at intervals of 6 ft. 9 1. 
On each side of such purlin a cast-iron strut is fixed to rib and 
purlin by six }. in bolts. By this connexion, the projecting of the 
purlins beyond the ribs is prevented, 

The purlins, which are 23 ft. 10 in. long, and 1 ft. Gin. deep, 
are radial, and are connected to the main ribs by means of the 
cast-iron end struts of 3 in. metal by two %in. bolts. ‘They con- 
sist of a simple truss, the top and bottom flange of which are 
each formed by two L irons 3x3x2in. The top flange is also 
connected by two #in. bolts to top flange of mainrib, Cast-1ren 
struts, 3 ft. pitch, and flat bar diagonal bracing 2} in. wide, in- 
creasing from } in. to Zin., and fin. in thickness, connect the 
flanges of the truss by jin. bolts serving as pins for diagonals. 
Wooden diagonals are also used for giving the appearance of & 
complete diagonal truss. The purlins support at each strut @ 
wood rafter 6 in.x in. Each alternate strut is so enlarged as to 
form brackets connected to the wood rafters by § in. bolts, which 
are —- to keep the purlins in their radiating position. 
The other struts are brought out at the top to mere lugs fixed 
to rafter by fin. coach screws. 














Marcu g, 1866. ] 


ENGINEERING. 


157 








On the top of the main ribs a piece of wood 5} in. x3 in. is 
fixed for nailing the 1 in. boarding thereto. 

The 1 in. boarding is covered by Italian zinc near the crown, 
and at the lower part by slates. A portion of the roof is glazed. 

The ends of the roof, it being hipped, are formed by ribs which 
are in general constructed like the ordinary ones, but stronger in 
cross section. 

One ordinary rib weighs 5} tons, weight of purlins, standards 
&c., for one bay, 9} tons. 

Iron work for one bay of roof weighs 14} tons. 

Each rib is supported on a cast-iron column, 23 ft. high from 
floor level to bottom of gutter, of an octagon section, and 1}in 
thickness of metal. The base is also octagon, 2 ft. 10 in. high,. 
and at the bottom of 2ft. inscribed diameter. At a height of 
19 ft. 7in. from floor level it widens out into an octagon capitol 
of 2 ft. 9 in. inscribed diameter at the top. The base is plain. 
The top is a little ornamented by raised leaves. Above that 
the column widens out into a kind of flat box, 4 ft. 2in. high, 
with a bracket in front supporting the horizontal plate to 
which the L irons of base of columns are bolted. The horizontal 
plate extends over the middle of the continued column, leaving 
on each side of bracket oblong openings for receiving outlets of 
gutters; the column changes above thjs horizontal plate into a. 
vertical piece of I section, 1 ft. x 104 in. x 7} in. x 1} in, 4 ft. x 4in 
lugh. The vertical part of the base of rib is bolted, as already 
mentioned, to the inner flange 10}4in, wide. The bracket in 
front, being only a mere web, is hidden by a casing, appearing as 
an ornamental bracket of the same thickness as the flat box form- 
ing part of column, which is in elevation shaped like the two 
brackets supporting the outlets of gutter on each side of column. 
The gutter joins the column by a semi-elliptical arch forming 
the outlet. The casing is here required for the sake of appear- 
ance and for saving a core. To the back of upper part of 
column (supporting outlets and the upper flange of the I iron), 
a frame 11 ft. 6 in. long is fixed by six Lin. bolts. It consists of 
an arch of 5ft. lin. radius of bottom outline, with a pretty 
filling-in ornament, and on the top a square frame 2 ft. 6 in. deep. 
All the main flanges are 8 in. wide, jin. thick, only the upper 
flange of frame 1 ft. wide x }in., the web being 3 in. thick. The 
other end of the frame is suitably provided with a vertical flange 
and a lug at the bottom, for resting on the wall, being besides 
bolted to it by four Lin. bolts. 

This frame would apparently transmit the horizontal thrust to 
the walls enclosing the hall, but that is not the case. The 
horizontal thrust is in this roof taken by a very peculiar arrange- 
ment. On the top of the frames just described, on each end 
strong boxes are cast on, each of which contains a pin dropped 
into it from above. These pins connect the ends of diagonal 
bracing rods, with eyes on one end and key adjustment at the 
other. Along the outer boxes a wrought-iron flange runs through- 
out the length of the building, decreasing towards the ends in 
strength, the diagonals increasing towards theends. This flange, 
consisting of four plates, 1 ft. x 1} in., and two L irons, 
3ft. x 3ft. x sin. in centre, is connected by the pins to the 
diagoMals. On the other hand, the gutter acts as the other 
flange of this horizontal girder, and is made sufficiently strong, 
being cast 1in. thick. The single lengths of gutters are con- 
nected together by means of eight 2 in. bolts, being equal in sec- 
tional area to the strength of the gutter, of course piercing the 
web of I-shaped part of column. ‘The gutter being of cast iron, 
and sometimes exposed to tensile strains, requires, therefore, the 
above-mentioned area. ‘There are eight diagonals, one for each 
bay, the dimensions of the rods increase from the centre towards 
the ends. The diagonals having to sustain just the same as 
the flanges, contrary strains must be always of the same sections 
as them, because they can only act as the ties. At the hip of the 
roof only simple ties are required as diagonals, 

_ The roof offering in its longitudinal direction a very great re- 
sistance, renders it unnecessary to provide for an extra horizon- 
tal thrust arising from wind-pressure, &c. 

The gutter, being 1 ft. x53 in. deep, 1 ft. wide, and 23 ft. x 4 in. 
long, 13 in. thick, has in distances of 3 ft. small shoes cast on, 
which receive the ends of the intermediate rafters 6 in. x3 in. 
The rafters are placed across the 12 ft. corridor at a proper slope, 
laid with lin. boarding, and covered, like the large roof, with 
slates. The other ends of these rafters rest in shoes on the wall 
surrounding the hall. The gutter is covered by a snow grating, 
which is 1 ft.x 3 in. wide, and cast in lengths of 6 ft. It rests on 
small supports fixed by two § in. bolts to cross pieces cast on the 
gutter at every second pair of shoes, and serving as distance 
pieces in the casting, while it cools and prevents it from warping 
into awkward shapes. ‘These distance pieces must always be 
made with a top flange; otherwise the other parts of castings 
prove stronger in shrinking, and tear it in the middle. ‘The 
rain water is carried sideways by the bracket-shaped outlets of 
gutters into the column, and carried off by same to the drain 
pipes. The cast and wrought ironwork of one bay of roof 
weighs 143 tons. ‘The cast and wrought ironwork of one bay of 
Supporting structure weighs 17] tons. 

(To be continued.) 


Tue Universan Private TELEGRAPH.—At the half yearly 
meeting of this Company, on Wednesday, it was stated that 
during the past half year there had been erected 108 miles of 
wire at a cost of 2145/., and this expenditure had brought to the 
company 47 additional renters, paying 13932. per annum rental, 
making a total number of 366 renters. The number of instru- 
ments let and sold during the half year was 95 sets, returning a 
rental and profit of 5082. The directors recommended a dividend 
at the rate of 6/. per cent. per annum for the past half year, 
leaving a balance of 10131. 

Our Exporrs.—The Board of Trade returns for the first 
month of the present year have been issued, and show in com- 
parison with the corresponding month of the last two years the 
entively unprecedented increase of 37 per cent. in the declared 
value of our exportations—the total having been 14,354,748/. 
against 10,489,339/. in January, 1865, and 10,413,568/. in 
1864. Of cotton manufactures, the shipments were nearly 40 
ier cent. in excess, both in value and quantity, of those of 

anuary, 1865. All other branches of trade figure in proportion. 
In hardware the increase has been 20 per cent., in iron 30 per 
cent., in haberdashery 54 per cent., in linen manufactures 47 per 
Cent., in silk manufactures 70 per cent., and in woollen manu- 
factures 84 per cent. 





HEAVY GUNS. 

Tae Marquis of Hartington informed the House of 
Commons on Monday evening, that, in addition to the 
single 13.3 in. gun now on hand, six others would be 
constructed during the present year. These guns will 
weigh 22 tons each, and the one already made has 
been known as a 600-pounder. It is encouraging to 
know that this class of ordnance has passed out of 
the experimental stage into one of established manufac- 
ture. There is perhaps no limit to the requirements 
in respect of the strength of ordnance, for it appears 
to have been settled with something of the authority 
of a law that the resistance of armour plates is nearly 
as the square of their thickness, and just as we enlarge 
our guns, and make them stronger, our own and 
foreign governments increase the thicknnss of the 
armour plating upon their ships’ sides. Indeed the 
Hercules target has already beaten the 13.3 in. gun, 
and Sir William Armstrong has publicly stated his 
conviction that no gun of the size of “ Big Will” can 
be expected to pierce the heavy plates now employed. 
The Marquis of Hartington has stated, however, that 
the committee upon the Armstrong and Whitworth 
guns has found that either system possesses quite 
sufficient strength to be applied to any gun for 
heavy charges of powder. ‘This, of course, is a mere 
generalisation, aa could not apply to 150 lb. of 
powder, for instance, at the back of a 1000 lb. 
shot. The noble marquis said, too: “ No doubt 
* Whitworth guns made of steel will stand 
* enormous charges of powder; but the difficulties in 
* the adoption of this system is to find the quantities 
“of steel it requires, and to test the quality before 
“ manufacture.” An “enormous charge of powder” 
may mean anything. So long as the term “ enormous” 
is confined 50 lb. or 60 Ib. charges, then we can make 
guns to bear it, but our ordnance engineers would 
be glad were they able to burn 100 lb. to 200 lb. 
charges with a shot of from five to eight or ten times 
the weight. As for steel, the large guns made by 
Krupp, for Russia, have not borne the service expected 
of them, and except for the inner tube, in a built-up 
gun, it is still doubted how far steel is fit for the 
construction of great guns. Captain Blakely uses 
steel, and is now making a built-up gun of 15 in. bore 
and 21 tons’ weight, at his works, Bear-Lane, South- 
wark. But while he has himself great confidence in 
this material, the purchasers of his larger guns will not 
permit them to be tested with the charges which the 
inventor desires to put them to. Whatever discovery 
we may make in the future, we are now working up to 
all our present knowledge of guns, and no one can tell 
us how we may make them stronger. We have adopted 
the strongest materials, and worked them up in sucha 
manner, and put our guns together upon such princi- 
pies, as theoretically give the greatest attainable 
strength. We have reached a certainty of manufac- 
ture which was hardly hoped for five years ago. It is 
nothing, now, to make very-strong 7 in. guns, and the 
rifled 9 in. guns of 12} tons’ weight, are now produced 
in good numbers. Of these we have thirty in use, and 
forty-six finished ready for use, and one hundred more 
are to be made this year. Of the 7 in. guns, some of 
them of 6$ tons and others of 7 tons’ weight, we have 
two hundred and fifty-six in use and ninety-four 
nearly ready for use, and there are, besides, seventy- 
six Sin. guns of 9 tons nearly ready. Of the 
latter, from twenty to twenty-five are to be 
rifled upon Mr. Whitworth’s plan of the hexagonal 
bore. It is but a short time since the 68-pounder cast- 
iron guns, weighing 4 tons 15 ewt., were the most 
powerful ordnance in the navy. With all the 
cost, doubt and occasional miscarriages attending 
Sir William Armstrong’s and Mr. Whitworth’s efforts 
none can now deny that they have effected most re- 
mafkable and substantial improvements in ordnance. 
But we cannot give them the whole credit for what has 
been done. All the real good that either has done has 
been in making stROoNGER guns than we had before. 
Their peculiarities of rifling, and their refinements in 
breech-loading have not really entered into tue question 
of this improvement. And in making stronger and 
stronger guns—upon the common sense and obvious 
conclusion that the destructive power of a gun is as 
the weight of powder it will safely burn —they have 
only done what many others have also been doing— 
Captain Blakely, Mr. Mallet, Dr. Hart, Mr. Longridge, 
Professor ‘Treadwell, and others as inventors or philo- 
sophers, and a large number of private firms as manu- 
facturers—in increasing the strength of ordnance, as 
engineers well knew how to increase it the moment 
that Government, in its slow movement, at last admitted 
the necessity for improvement. But we have already 
attained better results than even sound engineers would 
have predicted. 


BRIDGE OVER THE NIAGARA RIVER. 

A GREAT wire suspension bridge, having a single 
span of §22 ft., now crosses the Niagara River about 
two miles below the great cataract, and this bridge, 
which has two floors, the lower one for an ordinary 
highway, connects the railway systems of the United 
States and Canada. A few miles above the falls of 
Niagara is Grand Island, not far from the large city 
and port of Buffalo on Lake Erie. Here a railway and 
roadway bridge is to be constructed, to make a further 
connexion of the lines in the States and in Canada, more 
especially between the Atlantic and Great Western 
Railway, and the Great Western and Grand Trunk of 
Canada. 

This, the International Bridge, as it has been named, 
is in two portions, one between Blackrock Harbour 
and Grand Island, and the other over the Niagara river 
to the Canadian shore. The latter will be the prin- 
cipal bridge, and will be 1800 ft. long, having six spans 
of 250 ft. each, besides a pivot bridge 250 ft. long, 
presenting two openings of 105 ft. each. The Black- 
rock Harbour bridge will consist of one fixed span of 
112 ft. and one of 82 ft. 8in., together with a swing 
bridge 205 ft. 4in. long, forming two openings of 
82 ft. 4in. each. The girders, of which there wili be 
two to each span, will have their top and bottom mem- 
bers formed of a box section, with outside and inside 
angle irons. The boxes will be 24in. wide outside 
the side plates, and 36 in. wide over the top and bottom 
plates, the depth of that forming the top chord being 
36 in., and of that forming the bottom chord 30 in. In 
the 250 ft. spans the plates forming the sides of the 
lower chord will vary from }in. to %in. in thickness, 
whilst the top and bottom will consist of from one 
din. plate at the ends to two 3 in plates in the centre. 
The vertical distance between the top and bottom 
chords will be 18 ft. throughout, making the depth of 
the girders 23 ft. 6 in. 

The girders will be placed at a distance of 32 ft. 
apart, this space being divided into two equal portions 
by a partition 10 ft. high, one part being intended for 
a carriage road, and the other for the railway. There 
will also be a footway 6 ft. wide carried on cantilevers 
outside each girder. The road and railway will be carried 
by plate cross girders 24in. deep, the webs of which 
will be formed of # in. plate, the top and bottom flanges 
being 8 in. wide. and the former being made of 4 in., 
and the latter of Zin., plate. The angle irons will be 
3in.x3in.X}in. These cross girders will rest wpon 
timber packing interposed between them and the bottom 
flanges of the lower chords. The top chords will be con- 
nected by light lattice girders, and diagonal bracing 
consisting of round rods will be added to both chords. 

The top and bottom chords will be connected by 
lattice bracing placed at an angle of 60°; the struts 
and ties making one intersection. The ties are to be 
arrranged so that they pass outside the struts; they will 
be made of iron, and in the 250 ft. spans their sec- 
tions will vary from 24 in. x 3in. to Sin. x Zin., the 
ribs of the channel iron being in all cases 2 in, deep. 
Where the ties join the top and bottom chords, the 
ribs of the channel iron will be cut off and the web 
will be carried through slots formed in the top plates 
of the bottom chord and bottom plates of the top 
chord respectively. The struts will be of plate iron 
and angle irons formed into a & section, their width 
being equal to the distance between the ties, or 23 in. 
The plates of the webs will vary from }in. to }in. 
thick, and the flanges from 18 in. wide by jin. thick, 
to 6in. wide by gin. thick; the angle irons varying 
from 4in. X 4in. X Lin. to 24in. K Qin. K Zin. 

The girders of the swing spans will in each ease be 
attached to a kind of double drum about 40 ft. in 
diameter, made of plate iron. This will be connected 
to an inner drum 3ft. 9}in. in diameter by cross 
girders and tie-rods, and to this inner drum the steel 
cap which carries the whole weight of the bridge will 
be bolted. This cap will rest upon a set of conical 
steel rollers which run in a circular channel formed for 
them, partly in the underside of the cap and partly in 
the top of a steel block beneath them. The block just 
mentioned will rest upon the rounded point of a coni- 
cal steel casting about 6 ft. Gin. high which will be 
fastened down to the top of the pier. As we have 
already stated, the whole weight of the swing bridge 
will rest upon the central point, but steadying rollers 
running on a circular rail, will be fixed around the 
bottom edge of the outer drum. 

The greatest depth of water in the line of the bridge 
occurs in the Niagara River near the swing spans, 
where it is about 40 ft. deep. The height of the bridge 
above the water level will be about 22ft.6in. The 
bridge was designed by Mr. Thomas W. Kennard, the 





engineer to the Atlantic and Great Western Railway. 
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NEW RAILWAY BRIDGE IN HOLLAND. 

Tue Staats railway bridge about to be erected by 
the Dutch Government over the Lek at Kuilemburg in 
Holland, promises to be a fine example of continental 
engineering. It will have an entire length of 2181 ft., 
made up of nine openings, one of which will be 492 ft. 
in clear span, one 262 ft., and seven 187 ft. each. The 
total length of the girders spanning the large opening 
will be 515 ft., and the depth in the centre 65 ft. 6 in. 
They are to be of the bewuining form, the upper 
member being a parabolic curve with the ends cut off, 
where the girders will be 26 ft. 3in. deep. They 
are to be trussed with diagonal bars which cross each 
other only at the centre, and they are tied together 
laterally, both above and below, with diagonal bracing. 

The girders for the smaller spans will be of the ordi- 
nary lattice construction, rectangular in form, with a 
depth of 26 ft. 3in. The cross girders carrying the 
roadway, will be 13 ft. apart from centre to centre. 
There will be a clear width between the girders of 
26 ft. 3 in, 

The following are some of the estimated particulars 
of weight in the whole bridge. In the largest span the 
amount of wrought iron in top and bottom members, 
in diagonals, and top cross girders, will be 1928 tons, 
the quantity of rolled cast steel in cross girders, 
wind ties, stiffening cross girders, &c., will be 514 tons, 
making a total of 2542 tons, and the total weight of this 
ny of the bridge, per foot run, will be about 44 tons. 

n the span of 262 ft., there will be about 580 tons of 
wrought iron, and 90 tons of steel, and in the openings 
of 187 ft., 275 tons of wrought iron, and 40 tons of 
steel. The girders will rest upon massive stone piers 
and abutments, and the whole work, when executed, 
will be a noble specimen of engineering. 








IRON CASED SHIPS OF FRANCE. 
(See also page 151) 
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Tne Instirution or Crvit, Enoiveers.—At the last 
meeting of the members of this society, on the 6th inst.—Mr. 
John Fowler, President, in the chair—twenty-tive candidates 
were balloted for and declared to be duly elected, including four 
members: viz., Mr. Hugh Carlile, Resident District Engineer on 
the Dunaburg-Vitepsk Railway ; Mr. Edward Read Nelson Druce, 
Resident Engineer of the Harbour of Refuge Works, Dover; 
Mr. Richard Hussard, Westminster; and Mr. Robert Morgan, 
Local Government Act Office; and twenty-one Associates— 
viz.: Mr. Henry Anderson, Messrs. Penn's factory, Greenwich ; 
Mr. Charles Ormsby Burge, Westminster; Mr. Edward Charles 
Cracknell, Superintendent of Telegraphs in New South Wales; 
Mr. William Dempsey, Westminster; Mr. Hamilton Edward 
Harwood, Westminster; Mr. David Marr Henderson, Messrs. 
Chance’s Lighthouse De ment, Birmingham; Mr. Graham 
Hewett Hills, Marine Surveyor, Liverpool ; Mr. George Knowles, 
Westminster; Mr. John Lean, Residen. Engineer of the Vale of 
Neath Railway; Mr. James Campbeil Ledger, Westminster ; 
Mr. George Leeman, M.P., Deputy-Chairman of the North 
Eastern Railway Company; Mr. Samuel Henry Louttit, Secre- 
tary of Hamilton's Windsor Ironworks Company; Mr. Emile 
Martin, Adelphi; Mr. Edward Adolphus Fenwick Mayer, late 
Engineer and Secretary to the Municipal Commissioners of Dar- 
jre ing; Mr. Henry ag Secretary to the Great Northern 

ilway Company; Mr. John Robinson, Bombay; Mr. Thomas 
Harrison Seacome, Kensington; Mr. George Thornton, Acting 
Provincial Engineer and Inspector of Roads for the Province of 
Canterbury, N. Z.; Mr. George Careless Trewby, Superintendent 
of the Westminster Station of the Chartered Gas Company; 
Mr. William Vawdrey, Resident Engineer of the South Stafford- 
shire Waterworks; and Mr, Henry William Wickes, Bromley. 
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ALGUADA REEF LIGHTHOUSE. 


Tne Alguada reef lies a short distance off the mouth 
of the River Negrais, on the most prominent part of the 
coast of British Burmah, and as it is the first point made 
on oversea voy ges by both ships and steamers coming 
from the north, south, south-east, or west, the impor- 
tance of establishing a lighthouse there cannot well be 
overrated. The reef itself consists of hard, compact 
sandstone of rather coarse texture, and dipping with 
great regularity at an angle of about 45° to 39° east of 
south, the strike or line of outcrop of the rocks being 
very nearly from north-east to south-west. The west 
slope of the ridge is steep, and in some places perpen- 
dicular, or even beetling over, and is exposed to the full 
force of the waves, there being nothing to stop the sea 
between it and the south pole; the eastern slope, on 
the contrary, is uniformly inclined at a more moderate 
angle. Soundings taken round the reef showed the 
bottom to be almost entirely of rock. The rise and 
fall of spring tides is from 9 ft. to 12 ft., with a velo- 
city in ebb and flood of from one to two knots per hour, 
the flood tide running in a direction between east, 
south-east, and south, and the ebb varying from west 
by north to south-west. The site which was selected 
for the lighthouse is a plateau 100 ft. in width on the 
eastern ridge, 600 ft. distant from the south-west ex- 
tremity, at an average height of 1.1 ft. above high 
water spring tides. 

The lighthouse was 
designed, and its con- 
struction superintend- 
ed by Lieut.-Col. A. 
Fraser, R.E.,who came 
home and visited the 
chief lighthouses on 
the coasts of England 
and Scotland before 
finally submitting his 
plans. The model 
adopted by him, and 
upon which his design 
was based, isthe Skerry- 
vore Lighthouse, off 
the Isle of Tyree, on 
the coast of Scotland, 
the internal arrange- 
ments being, however, 
necessarily altered to 
suit the requirements 
of an eastern climate. 
The tower is of granite 
throughout, having a 
base of 42.5 ft. in dia- 
meter, and a height of 
120 ft., the diameter at 
the top of the column 
being 16 ft. Above 
the shaft is a cylin- 
drical belt 18 in. deep, 
surmounted by a ca- 
vetto 6 ft. high with 
3 ft. projection. The 
cavetto supports an 
abacus 3ft. deep, the 
upper surface of which 
forms the balcony ; on 
the abacus rests the 
parapet, and on it the lantern, The outer surface of 
the shaft is formed by the revolution of a: hyperbola 
round its asymptote as a vertical axis—the radius at 
the base being 21 ft., and at the top 8 ft. The contour 
of the cavetto is obtained from the quadrant of an 
ellipse revolving about the centre of the tower, with a 
radius of § ft. on the level of its transverse axis. The 
light is a revolving holophotal light of the natural 
colour, and attains its greatest brillianee once every 
minute The apparatus consists of sixteen glass holo- 
photes arranged in a frame with four faces with silver 
plated hemispherical mirrors, and is driven by a machine 
of the first order. The focus of the light is 143.6 ft. 
above high water spring tides, which elevation will 
admit of its being seen on the horizon at a distance of 
15.85 miles. If the observer’s eye be 20 ft. above the 
horizon, it will be seen at a distance of 21.766 miles, 
and if at 50 ft. above the horizon, at a distance of 
*).304 miles. The height of the lighthouse from base 
to the top of the parapet is 144.25 ft. 

a ae many difficulties attending the erection 
E - € co In the first place, the works could only 
tare on sng te north-east monsoon, or from 
a te mide le of November to the end of April, 

oree of the sea and violence of the waves during 





vent any work on the reef during their prevalence ; 
consequently, at the end of each working season, all 
tools and —— barracks erected for the shelter of 
the workpeople had to be removed. Besides this, the 
distance from which all materials and workpeople had 
to be collected caused no small hindrance to the 
speedy prosecution of the works. On several occa- 
sions, also, even during the working seasons, the men 
had to leave the reef in the event of a severe storm. 

The granite for the erection of the lighthouse was 
obtained partly from Callagonk, on the Tenasserim 
coast, a distance of over 200 miles, and partly from the 
Pulo Obin quarries, at Singapoor, 1200 miles from 
the reef. The labourers employed on the works were 
principally convicts from Moulmein, the quarrymen and 
masons were obtained from Hong Kong, and all the 
necessary machinery and tools from England. A 
depot was established on Diamond Harbour, 44 miles 
off, for stores and materials, and barracks were 
erected there for the workpeople during the progress 
of the works. A signal tower, furnished with a 
telescope, signal mast, and a small reflector lamp, 
served to point out the course for boats coming from 
the reef, in the event of their being overtaken by night 
before leaving the lighthouse. 

The work of the first season—during the north-east 
monsoon of 1859-60—consisted of cutting out the 
foundation to a depth, at the lowest part, of 8 ft. below 
high water spring tides. The chief difficulty ex- 
perienced was in keeping water out of the founda- 
tions; during neap tides work was kept going 
night and day, but at high water spring tides the 
foundation pit was filled ,by the sea, and several hours 
were consumed in pumping it out before work could be 
resumed, The result of the season’s work was a per- 
fect level obtained in the several steps, by the removal 





General level 5 ft. 4.2 in. below H.W.S.T. 


of 700 tons out of the foundation pit. The accompany- 
ing diagram shows the excavations for the foundations ; 
the figures on it denote the different levels below the 
general level in inches. 
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Plan and section of first course. 
The commencement of the second season was re- 


tarded by foul weather, but a crane having been at last 
stepped, the first stone was laid on 14th February, 





the south-west: monsoon being such as entirely to pre- 


lighthouse is here given. The centre stone is cir- 
cular, 5 ft. 4.8 in. in diameter, and 2 ft. thick ; it weighs 
3.85 tons ; in the first ring there are 24 stones, and in 
each of the other rings 48 stones, the stones in the 
outer ring being joggled. The cubic contents of this 
course are 3097.2 cubic feet, and the weight 229.45 
tons. 

All the stones were taken to the reef ready cut and 
dressed, and provided with lewis holes, whereby they 
could be safely lifted and deposited at once in their 
respective places, by means of a centre crane. Several 
lighters were employed in carrying the stones from 
Callagouk, and sailing vessels were hired to convey 
those cut at Singapore to the reef. Two steamers also 
were employed on the works in towing lighters, or 
being moored off the reef with stores and provisions 
for the men, or in rendering other important services. 

Of the stones used in the seven lower courses, the 
heaviest (not including the centre stones), was 1.93 
tons, and the lightest, .53 tons. They were made 
thus unusually heavy, because with smaller stones it 
would scarcely have been possible to get up a sufficient 
height to secure the mass from: destruction during the 
following south-west monsoon. For 26 ft. in height 
from the foundations, the tower is built solid, in thir- 
teen courses, each 2 ft. in height. In the centre of the 
“solid” is a well, in which water tanks capable of con- 
taining 1700 gallons are deposited. Above the solid 
is the entrance or doorway, 7 ft. 6 in. high, by 3 ft. 6 in. 
wide, the walls at this point being 9.087 ft. thick, com- 
posed of three thicknesses of stone, and the chamber 
inside 12 ft. in diameter, as shown in the annexed 
sketch. Access is gained to the doorway by means of 
an iron ladder reaching dows to the rocks. 





The interior of the column is in ten stories, accom- 
modation being provided for provisioning, watering, 
and storing the building for seven months, with water 
at four gallons per man per day. By the additional 
precaution of forming a groove on the outer edge of 
the stone balcony at the top of the lighthouse, so that 
the whole of the rain water falling on the surface of 
the dome, lantern, parapet, and balcony, will be con- 
ducted to the water tanks, an additional supply is pro- 
vided, as the fall of rain during the season when the 
reef cannot be approached may be taken at from 70 to 


two European light-keepers, five natives, and a cook. 
The arrangement of the rooms is as follows: 1. Fuel 
and water. 2. Stores. 3. Natives’ dwelling room. 
4. Natives’ bedroom. 5. Cook room. 6. Europeans’ 
sitting-room. 7. Europeans’ bedroom. 8, Visitors’ 
room. 9. Oil; and 10. Light. 

The stonework of the tower consists of eighty-one 
courses, weighing 4250 tons; of this about equal 
uantities were obtained from Callagouk and Pulo 
bin, and 115 tons were cut from the reef itself. 

The lighthouse being completed, a light was first 
exhibited from it on the 28rd of April, 1865, not quite 
four years and a quarter from the date of its commence- 
ment. ‘Long may it continue to send forth its rays, a 
blessing to mariners, and a noble and worthy monument 
to its designer and builder, Lieut.-Col. Alexander 
Fraser, R.E. 








A Woxprrrvt Discovery.—The following advertisement, 
which we commend to the attention of the Aeronautical Society, 
appears upon the first page of the Railway News. We omit 
the address. ‘To Capitalists and others.—Balloon. A Civil 
Engineer having adapted a well known law of nature to balloons, 
has thereby done away with the danger, and gained hitherto 
unheard-of advantages ; valves, waste of gas, t not needed. 
He desires to meet with a Christian man as sleeping partner, or 
otherwise. Good references. Apply by letter first, to————. 
(With ordinary caution a large return may be secured).” 

A New Coatrietp.—It is in Yorkshire reported that at 
Birdforth, three miles west of Coxwold, the engineers have met 
with a thin seam of very good coal, with indications of a thicker 
and much more valuable seam below. A shaft is to be sunk. 
Other owners are about searching for coal all along the Moor 





1861. A plan and section of the first course of the 


base, Coul shales have been also lately found in Yorkshire. 


80 inches. Dwelling accommodation is provided for ~ 
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TURRET SHIPS. 


Iy the debate on Monday evening, in the House of 
Lords, Lord Dunsany laid down the proposition that 
* if we imagine the 600-pounder to be the gun of the 
“ future, the turret ship must be the ship of the future.” 
The Duke of Somerset, however, in the course of an 
admirable speech, quoted the following opinion of 
Captain Cooper Key, in the Excellent :— 

“No practical reason exists why a heavy gun should 
“ not be worked on a broadside with the same security 
“as inaturret; and I am satisfied that there is no 
difference between the two systems in this respect.” 
The gallant captain 5 a only of the “security” of the 
two systems, but we believe that the same opinion may 
be reasonable extended to the comparison of turrets 
and broadsides in all, or nearly al respects. It is 
constantly being urged that only turret ships-can carry 
very heavy guns, say of 20 to 25 tons’ weight, as if the 
weight of a gun differed in any respect from weight in 
any other form, A ship like the Warrior, carrying 
nearly 1000 tons of side armour, cannot make much of 
her 180 tons or so of guns, and she could no doubt carry 
an equal weight of 20 ton guns as easily as those now 
on board. Indeed, on a draught six inches greater 
than at present she would carry the weight of eighteen 
guns of 20 tons each, nine on a broadside. The guns 
would thus be at twice their present distance apart, 
and if the present main deck is not strong enough, it 
would be easy, in a new ship, to provide all the strength 
required. 

‘Next as to working heavy guns. It is now settled 

by the trials on board the Minotaur that 12-ton guns 
can be worked without difficulty. But there are many 
who, while they insist that a 20-ton gun cannot be 
worked at all, maintain that nothing is easier than to 
spin it about in a turret where the total weight to be 
moved is from 150 to 250 tons. The idea of the turn- 
table has a wonderful charm for many minds. Said 
the Earl of Hardwicke, in the debate to which we have 
referred, “ Every one had seen the enormous weight of 
‘an engine and tender turned on a turntable by the 
“ power of one man.” But it does not follow that a 
heavily armoured turret need be turned too. The gun, 
of course, should admit of the greatest facility of train- 
ing, and on one of our advertising pages (to which we 
seldom refer) may be seen the turntable employed for 
training the heaviest Blakely guns within the embra- 
sures of the fortifications at Cronstadt, This turntable, 
for it is nothing less, was made at Messrs. Grissell’s, 
at the Regent’s Canal Ironworks, and it is easily worked 
by one man. It is only required to work through the 
segment of a circle, and that is all that is required for 
the broadside guns of a ship. Weare not recommend- 
ing that such turntables be mounted upon shipboard, 
but movable platforms upon the same general principle 
of action might be as well fitted behind a broadside as 
within a casemate, and be, at least, as quick in work- 
ing as the ponderous revolving machinery of a turret. 

We believe it would be fatal to the supremacy of 
our navy to admit that ships of war should have each 
but one or two or four guns, no matter what may be 
their weight. It is only by assuming that from one to 
four guns are requisite that room is left for argument 
in favour of turret ships. The displacement and cost 
of ships of equal wed and sea-going qualities, are not 
however in proportion merely to the number of guns 
they carry. If they were, we might readily admit that 
a great number of one-gun or two-gun ships might 
serve the same purpose as a less number of vessels 
carrying each from six to eight or ten times the num- 
ber of guns of the same weight. For some purposes 
as for service in narrow channels and on rivers, the 
small craft would have the advantage, But in a gene- 
ral engagement they would probably be very much in 
each other’s way. For ships with only one or two 
guns, there would probably be but little if any dispute 
that the turret system was the best. When, however, 
we have laid down a ship of a minimum tonnage for 
one gun, we know that the displacement and cost 
would need to be but little inereased in order to add 
another, and so with another av.d another, until by the 
time the tonnage and cost have been doubled we shall 
have perhaps eight or more of the same sized guns, 
and consequently an eight-fold destructive power. ‘This 
great advantage derivable from a moderate increase in 
size, is far better secured im the broadside than in the 
turret system. 


Another point so often raised in the discussion of 


the relative merits of the two systems, is that of the 
surface or the target exposed to the enemy’s fire. One 
might suppose from what is so often said, that the tur- 
rets were so difficult to hit that they required very 
little armour, The shot, it often appears to be imagined 


glance off on striking. Now this theory has been put 
to the test in the inclined targets proposed by Mr. 
Jones, of Liverpool, and others, and it is found 
that the shots do not glance off, but do much 
mischief, even when striking at an angle of 45°, 
and that the only superiority of the target is 
in the greater thickness of iron opposed to the line 
of fire. But supposing a turret 26 ft, in diameter, 
nearly 18 ft, of this would present a target of which 
no part was inclined more than 45° from a plane at 
right angles to the fire, For a width of 8 ft. or 10 ft., 
measured across the diameter, the turret would be 
practically no stronger than a flat target, Indeed, the 
Americans have found themselves compelled to increase 
the thickness of their turret armour till they have 
reached the thickness of afoot. The assailable width 
of each turret is practically the same, or nearly the 
same, as that between two guns of a broadside, and 
allowing for the plating being upon a curve in the case 
of the turret, as much iron is required to protect this 
width as on a broadside. And of this great thick- 
ness, 80 linear feet are required to protect two guns 
in a turret, whereas this would nearly protect four 
guns of the same size on a broadside, supposing the 
plating to extend the whole length of the ship. It is 
true, that with the turret, the sides may have but little 
freeboard, supposing the deck to be thoroughly pro- 
tected, but then the ship is rendered scarcely habitable. 
It is all very well to say that but a small target is 
left for the enemy’s fire; small as it was in the 
American monitors, eight of them in Admiral Dahlgren’s 
blockading squadron were hit no less than 1030 
times in the time within which they fired 3587 shot, 
as stated in the Admiral’s official report, The 
Mohawk was hit 214 times, the Weehawken 187 times, 
and soon, Had these ships fired each eight or ten 
heavy guns on a broadside instead of one or two, they 
need not have remained exposed in action nearly as 
long, and they would, beyond all question, have re- 
flected far more decisive results against the enemy. 
It is really a question whether they would have been 
hit as often as they were. 

The Admiralty have removed all ground for popular 
clamour in respect of a fair trial for Captain Coles, 
but only war can fairly try his turret ships, and we 
sincerely trust that when war does come we shall not 
be dependent upon one-gun, or even two or four-gun 
ships upon his principle. 





THE NAVAL ENGINEERS. 


Str Epwarp Dertye earned the thanks of the naval 
engineers, the other evening, by setting forth, in the 
House of Commons, how little they are paid, and how 
many disadvantages they are subjected to, in the dis- 
charge of their arduous, responsible, and'often vitally 
important duties. But, except in so far as the debate 
may have served to form public opinion, nothing came 
of it, Lord Clarence Paget promising nothing what- 
ever. He did go so far, however, as to state that the 
engineers’ memorial of January lst was under the 
consideration of the Admiralty, but he expressed him- 
self so much against the claims which that memorial 
urged, that we fear the pending consideration will 
result in no improvement in the present condition of 
the engineers. His lordship is reported to have said, 
that “he believed the engineers occupied a better posi- 
“ tion than any other class of officers,” a piece of in- 
formation which will, no doubt, be duly appreciated in 
the service. 

Sir Edward Dering called attention to the very long 
period of service required for promotion to the post of 
chief engineer, who ranks with a lieutenant. Before a 
chief engineer can receive the highest rate of pay of 
officers of his class, he must show twenty-five years of 
service, and although this in itself is not complained 
of, it is complained that in reckoning this length of 
service, only four years are allowed to count previous 
to reaching the rank of chief engineer, although ten or 
fifteen years’ actual service may have then been per- 
formed. A more serious grievance was this, the 
widows of naval engineers receive no pensions what- 
ever, unless their husbands are killed in action, or in 
immediate active service, and only chief engineers are 
entitled to a pension themselves, when they retire from 
age or ill health. Only a very small proportion of the 
engineers ever attain the rank of chief, and thus the 
majority may, after having served her Majesty for ten, 
fifteen, or twenty years, find themselves helpless at the 
time of their greatest need. They have to weather all 
climates, and to broil in the engine room sometimes at 
a temperature of 130° or 140°, Engineers cannot, 
therefore, and do not live so long as quarter-deck 











officers, for whom pensions and widows’ pensions are 
provided, even to assistant-surgeons and warrant officers 
of inferior rank to the engineers. Again, the retiring 
pay rises only with five-year periods of service, so that 
a chief engineer on retiring after nineteen and a half 
years’ service, receives only the allowance due to fifteen 
years’ service, the difference between the fifteen and 
the twenty years’ allowance being no less than 45/, 
yearly, 

Sir Edward also stated the case of the inspectors of 
machinery afloat, who rank with post captains. Upon 
their care and constant vigilance depends, not only the 
proper action of the machinery, but the safety of vessels, 
and for all this, and with the constant responsibility 
they are under, they are paid only a little more than 
the chief engineers, and, when on half pay, the in- 
spectors receive the same only as chief engineers. Sir 
Kidward gave a practical illustration of the extent of 
the grievances felt by the engineers. Of nine hundred 
registered engineers in the merchant service but two 
have joined the Royal Naval Reserve, while, on the 
other fend, many engineers of five and six years’ stand- 
ing in the navy have left it to join the merchant 
service. 

To all that was urged, Lord Clarence Paget denied 
that the engineers fared worse than other classes of 
officers, and, as we have said, he even expressed his 
belief that the engineers were the best off. ‘There was 
no difficulty in obtaining engineers, although his lord- 
ship did not say of exactly what quality, and while this 
is so, we presume this class of officers need look for 
nothing further from the Admiralty, 


MACHINE PUDDLING., 

It is remarkable how many inventions appear to 
work well for a time, and then break down altogether. 
This was the case, in England at least, of the Harrison 
boiler, and we fear it may be the case with the machines 
for puddling iron, When Mr. Bennett’s paper was read 
to the Mechanical Engineers, in November, 1864, its 
statements, as well as others brought out in its discus- 
sion, appeared to promise an early and extensive change 
in the manufacture of iron. ‘The machines, it 
was said, could each work 5 ewt, charges, at the 
rate of six charges a day, with a yield of 93 
per cent, from the pig. The men were taking 
to them, there was no hitch about the machines, 
and they could work on day and night, without 
breaking down or giving trouble in any way. ‘The 
machinery was made merely to work an ordinary 
rabble, to and fro and about the furnace, at the rate 
of fifty strokes per minute, each stroke being 2 ft. 10 in. 
Every part of the floor of the furnace was reached 
by the rabble, and this could be changed five or six 
times as required, and without stopping the machine or 
the slightest inconvenience, in every heat, the time 
of each heat for common forge pig iron being about 
25 minutes. When the iron was “ boiling’, the 
machine put far more work into it than the best 
puddler could do, working one-half faster, and without 
stopping to rest as the strongest puddler, salamander 
as he may be, must do. Mr, Bennett made one very 
remarkable statement: his single puddling furnaces, 
worked by the machine with 5 ewt. charges, took 
28 ewt. of coal per ton of puddled bars produced, but 
with double furnaces and 10 ewt, charges, also worked 
by the machines, the coal burnt per ton of puddled 
bars was only 17 ewt. ‘The double furnaces worked 
five heats of 10 ewt. each in a turn of nine or ten hours, 
only one puddler and two under-hands being employed. 

All this was a year or more ago, but, from what we 
can learn from South Staffordshire, very little machine 
yuddling is going on there now. Messrs. Ambrose 
Foard, and Son, of Bilston, have Grifliths’s machine at 
work, and Mr. Bennett, of Wombridge, is also working 
his own machine at his works near Oakengates, Shrop- 
shire. Messrs. Lloyds, Foster, and Co. put up one of 
Eastwood’s and one of Bennett’s machiues, at the Old 
Park Ironworks, Wednesbury, but they lie idle on the 
tops of the furnaces, as the men do not take to them. 

Mr. Menelaus, of Dowlais, has a revolving machine 
which does the whole of the puddling, including the 
balling. It is somewhat upon the principle of Tooth’s 
and Captain B. Peard Walker’s revolving machines. 
Mr. Menelaus’s greatest difficulty is, perhaps, to obtain 
a fire resisting material that will stand the drop of the 
puddled ball when it has come to nature. Ganister 
and other fire-resisting substances are crushed by the 
falling mass of hot iron; not by the heat, but simply 
by percussive force. ‘ 
“It is more difficult now than ever to obtain puddlers, 





and puddling machinery, if it could be perfected, 
would be widely adopted. 
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HEAVY LOCOMOTIVES. 


LocoMoTive engines are being constantly made ployed, for there are now many engineers who are 
heavier and heavier, and we have no reason to suppose + . . ‘} 
that we have yet attained the limit of weight. The in- To — ony os — weight of 7 ory 7 
crease in size has been more marked in engines for the | 8T@@¢" iy -. } ine write tek "40 th Lseuipel 

, : 2 ‘ 
narrow gauge, but even broad gauge engines are being —. et ore . . 20% pact to be 40 Ih, me 
built larger than was the case a few yearsago. Where | “°T ms imate), the 20 in. cylinder engine would re- 
the engine has a separate tender, a weight of from 30 | Juire to maintain a mean cylinder pressure of 80 Jb, 
to 33 tons is now very common, especially upon Jines| ~~ “4, "5". ? 
having somewhat steep gradients, and as for tank loco- — < pers: pam om f : q 
. ° y < 2 £ 3 
motives, the passenger engines upon the North Lon-| 20) WOrk to the same Gegree ol expansion, al not 


don and the Metropolitan Railways weigh 42 tons. 


In our number for March 2nd, we described a class of eaovier hay os bere be i se A... evaporate the 
eight-coupled tank goods engines of the enormous | "®Cessarily increased quantity of water. 


weight of 56 tons. 


° ° amen <« . ah - 20 > ‘ 
The economy of working heavy trains, where the | tise, and 20 in. cylinder express engines with 8 ft. 
traflic is sufficient, has long been understood, but heavy wheels and weighing from 45 to 50 tons without their 


engines have been objected to as destructive to the 
permanent way. The late Mr. Locke was the especial 


advocate of light engines, and he was always ready to | 2OW 1n use show an advance upon what was thought 


protest when the weight was being increased, at first 
from 10 to 15 tons, then to 20, 25, and 30 tons. But 
with increased strength in the permanent way—more 
ballast, more sleepers, fish joints, and now, m many 
eases, steel rails—the heaviest engines yet made are 
not complained of as causing excessive wear and tear. 

There are many probabilities, however, that still 
heavier engines will be required. Railway traffic is 
coustantly increasing, and, comparing the traffic 
returns of one year with another, it is increasing very 
rapidly. And not only are there more trains re Rv: | 
but more passengers and a greater weight of goods are 
carried in each train. And not only is the weight to 
be moved greater, but the newer lines have steeper 
gradients, and there is, withal, the desire to maintain 
the highest speed consistent with safety. Could we 
make improvements which would diminish the resist- 
ances to motion, we might move heavier and heavier 
trains without, perhaps, lucreasing the weight of the en- 
gines. But the resistances of trains, at a given speed, do 
not appear to be less per ton now, than they were some 
years ago; although there is now and was then, a con- 
siderable difference in the condition of different lines, 
and in that of the rolling stock working over them. 
We may notice, also, one other point; that of the in- 
creased weight of carriages as now made, They are 
made larger, loftier, and stronger, than formerly, in 
proportion to the number of passengers carried, the 
weight of some first-class carriages with three compart- 
ments being now as much as 6$ tons, while the eight- 
wheel carriages of the Metropolitan Railway, having 
seven compartments, weigh no less than 16 tons. 

We are likely, therefore, to soon reach a point where 
ordinary passenger trains on the great lines will 
weigh, including engine and tender, 150 tons to 200 
tons, and we can estimate nearly the power required to 
move these, at from 40 to 60 miles an hour. The re- 
sistance per ton will average from 25 lb. to 301b., and 
here we make no allowance for gradients. Indeed, in 
respect of the resistance of gravity, and taking the 
average power required in both directions, what 1s lost 
In going up a onlian, is gained in going down. Yet 
the engine must possess the full power requisite for 
gong up, without regard to its coming down again. 
faking 25 1b. resistance per ton, at 60 miles an hour 
upon a level, and 40 1b. per ton, including gravity, at 
39 miles an hour, up a gradient of 1 in 100, we shall 
tequire for a train weighing, with engine and tender, 
200 tons, 5000 lb of tractive force, or 800 indicated 
horse ower upon the level, and 8000 lb. traction, or 
/46.6 horse power upon the gradient. The highest indi- 
ated horse power obtained from the broad gauge engine, 
Great Britam, as recorded in Mr. Gooch’s experiments, 
Was 763, although the back pressure and compression 
have sometimes been inaleded in the diagrams, so as to 
give an apparent horse power of 1000, and, indeed, it 
tas been often said of the large Great Western express 
‘agines, that they work up to 1000 horse power. 
an a most economical locomotive practice, we 
than 94 IP count upon a lower consumption of coal 
meek : weg horse power per hour, cor- 
ms mB : “sa 20 Ib., or 2 gallons, of water. To 
1600 ae ) harse power would require, therefore, 
Even this Ia’, se 256 cubic feet, of water per hour. 
maitained ~~ of consumption could not well be 
Pp iW it 2 ess than about 140 Ib. boiler pressure, 
than 50 Th a rate << sapemrion giving but little more 
52 Ib, ee cy inder pressure. Suppose we take 
would a - ~ er pressure, at 60 mules an hour, it 
tdeoke tg Rg engine with 19in. cylinders, 2 ft. 
tractive f ft. 6 in. wheels, to work up to 5000 Ib. 

oree. If 8 ft. wheels were preferred for such 


taken, then it would require 20in. cylinders and 2 ft, 
stroke, supposing only two cylinders to be em- 


either using or proposing to adopt four cylinders, 


If a higher mean cylinder ge were malutained, 
ice, but the engine woul 


only would more coal be required, but a larger and 
The case which we have put is one quite likely to 


tenders, would hardly represent a greater advance upon 
our present practice, than do the large locomotives 


to be a fair average express engine ten years ago. It 
is time, therefore, that locomotive engineers were con- 
sidering how such great dimensions and weights may 
be attained in practice. Such an engine as we have 
been considering, would exert probably 12,000 Ib. in 
starting, and it would thus require from 25 to 30 tons 
of adhesion weight in order to prevent slipping. Thus 
two pairs of coupled wheels would be necessary. 
Coupled 7 ft. wheels are now in use on the Great 
Western and on the London and South Western Rail- 
ways, and Gouin, of Paris, made an engine in 1854 
with coupled wheels 9 ft.4in. in diameter, One ob- 
jection to coupling very large wheels is in the great 
length and consequent weakness of the coupling rods, 
but 8 ft. coupled wheels would not require rods over 
8 ft. 3in. in length, and these at 60 miles an hour, 
would make but 210 yeyolutions per minute, On the 
Great Eastern Railway are many coupled engines 
having coupling rods 9 ft. long, and with 6 ft. wheels, 
these make 210 reyolutions per minute when goin, 
only 45 miles per hour. With well proportione 
steel rods 8 ft. 3in. long, making not over 225 reyolu- 
tions per minute at any time, there would be no danger 
of breaking. 

The principal novelty in the design of such large 
engines for the narrow gauge would be in that of the 
boiler. The clear transverse space between the 
driving wheels of all narrow gauge engines is but 
4 ft. 5$in., and with the thickness of the plates and 
lagging, 4ft.2in, is now the largest diameter of 
barrel that can be got between the wheels. Upon the 
broad gauge, the diameter is 4ft. 6in., and with 
small-wheel goods engines, where not only the barrel 
but even the firebox can be placed over instead of 
between the wheelg, the French engineers are regu- 
larly working large numbers of 5 ft. barrels on the 
4ft. 84in, gauge, With 8 ft. wheels, however, the 
boiler must go between them, and its true circular 
form must be preserved, An oval or elliptical cross 
section, strengthened by transverse stay rods is inad- 
missible at any pressure now maintained in locomo- 
motives, whether 1001b, or 160 lb., and the latter is 
gradually becoming common, We can lengthen the 
firebox to any extent we like; for with an inclined 
grate, and with the jarring motion of the i 
itself, there is no ditloulty in covering with coal ‘a 
grate even JOft. long, But for a os | grate, we 
require not only large heating surface but a large 
amount of heating surface near the full volume of the 
fire. We cannot well fill up a 4ft. 2 in. barrel with 
more tubes than we are already in the habit of putting 
in, and it is of no use to lengthen them to 14ft. or 
15 ft. ‘I'wo or three feet extra, at the smokebox end, 
do very little good, after a length of 11 ft. for a 2 in. 
tube is once reached, and the extra length does harm 
by increasing the tube friction or resistance to the 
draught, and by increasing the strain upon the tube 
joints. If we employ very small tubes, so as to in- 
crease their fis. om | we must make them shorter 
so as to diminish tube friction, and so as not to 
overstrain the joints, so we shall get no more sur- 
face. Or if we enlarge the diameter of the tubes 
and increase their length, we cannot then get in so 
many as we wish, and so the proper proportion 
between the length and diameter of locomotive tubes 
practically imposes a limit to the extent of tube surface 
to be got into a barrel of a given diameter. Increased 
diameter of barrel is important therefore, as the 
extent of tube surface which may be got into a boiler 
will be practically as the square of the diameter. 

It would appear necessary, therefore, in order to 
provide pra increased tube surface in the boiler of 
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a large-wheel narrow gauge engine, to extend a com- 


bustion chamber from the firebox to a point in front of 
the driving wheel, and there to enlarge the diameter of 
the barrel to 5 ft. or 5 ft.6in. In such a barrel, from 
400 to 450 tubes, 13 in. in diameter, and say 11 ft. 
long, and presenting from 2000 to 2250 square feet of 
external surface, might be got in. This surface, with 
85 square feet of grate, and about 180 square feet of 
firebox and combustion chamber surface, would be 
sufficient to evaporate from 250 to 400 cubic feet of 
water hour, according to the work to be done. 
Such a boiler would necessarily be very long, say 
26 ft. without the smokebox, or 28 ft. 6 in. over all, for 
the combustion chamber, extending in front of the 
driving wheel, and enlarging there to a tube plate of 
from 4 ft. 8 in. to 5 ft. 21m. in diameter, could not be 
auch less than 7 ft. or 74 ft. long. The firebox, with 
its inclined grate, would be placed above the axle of 
the hind wheels, and with a four wheel bogie in front, 
the wheel base, measured from the bogie pivot, would 
be 25 ft. This would allow for placing the cylinders 
between the bogie and the driving wheels, and give a 
6 ft., or 6 ft. 6in., connecting rod, sufficiently long for 
a 2 ft. stroke. With a Bissell bogie, this length of 
wheel base would offer no difficulties in the way of 
working around curves of twenty chains’ radius at full 
speed, nor around ten chain curves at moderate speeds. 
We need not, however, go further into the details of 
the design for such an engine, the object being merely 
to indicate some of the requirements of what we may 
term the locomotives of the future, and to point out at 
least one general mode by which these requirements 
may be met. However we may design our locomotives, 
we shall have yet to deal with weights of 50 to 60 tons, 
and with either four cylinder engines, or diameters of 
the ordinary pair of cylinders of 20 in. or more. It is 
even now time that locomotive engineers familiarised 
themselves with the conditions like y to be imposed by 
a rapidly growing traffle, and whether or no any one 
engineer produce a complete and unexceptionable 
design for a monster express engine, many details may 
be contrived from a ion and combination of which 
such au engine may yet be successfully constructed. 


Biter Deriverres.—An engineer, writing to the Times, 
with yeference to the loss of the Landon, as the following 
occurrence: ‘‘ The firm with which J am connected built a screw 
steamer for Marseilles, and I went with her to that port to watch 
her performance, We had fine weather in starting, and every- 
thing went well till we got within 4 few miles of Waterford, 
where we were to land the pilot. At this time the engineer, who 
was a Scotchman—all the rest of the erew being French—came 
to me in great alarm, saying that the al fad risen in the 
engine room above the floors of the v On going down I 
found such was the case, and, as we could not account for it in 
any way whatever, we concluded to anchor for the night at 
P, examine everything carefully, and clean out the bilges 
thoroughly. This was done, and we next morning. 
When we got clear of the land and the vessel began to roll a 
little, the saine thing took place again, It looked very serious, 
and I was at a loss what to do, when it occurred to me that 
perhaps the discharge pipe from the bilge pump of the engine 
was too low down in the vessel, and that the rolling had washed 
some coal or other substance into the suction pipe, and ‘ d’ 
the valves, thus allowing the water to flow right through into 
the vessel from the sea. As the op and donkey were 





uite able to keep the vessel d carpenter to are 
, plug; we lowered him over ¢ ‘ aie and, wetching mln the 
opening from the bilge pump was above water, he drove in the 


ug, Which had the desired effect, for we were not troubled again 
with water in the ship. When we got to Marseilles the pipe 
was altered and carried up as high as poe” 

IraLtaNn Rartway CARRIAGES.—There is a railway carriage 
factory, that of Signor Grondona, at Milan, and although we 
cannot answer for their mechanical exeellence, some the 
carriages built there are very luxurious, Several of these 
carriages, built to run upon the long line of railway from Susa 
to Brindisi (which is to convey the Indian mails and travellers 
from England), are adapted for families or parties of friends. 
They are rather longer than the usual carriages (about 23 ft.), 
and divided into three compartments, communicating by sliding 
doors. There is the ante-room for servants, the sitting-room with 
four convenient sofas, upon each of which one person can sleep, 
a bed-room with a bed for two persons, washing apparatus, &c., 
while in the daytime the travellers can walk up and down through 
the three compartments. ‘The establishment whence these 
luxurious vehicles proceed is believed to be the only one of the 
kind in Italy, and within the last few years it has supplied a 


great number of carriages to the Italian railways. Some of the 


lines still have recourse to foreign builders, who will do well, 
however, to give the best work at the lowest possible price if they 
desire to keep the Italian market open to them. 

American Transports.—Mr. Donald McKay, in a letter 
toan American paper, speaks of the new transports now in 
course of construction for the American navy as follows: 
“Over forty large wooden screw ships without armour, are 
under construction now in the government yards, and many are 
well advanced toward completion. The hulls were designed by 
Mr. John Lenthall, chief of the bureau of construction and 
repairs, on the Alabama principle for speed, and the motive 
wer by Mr. B. F. Isherwood, chief of bureau of steam engineer- 
ing. Having inspected these ships and their machinery, I have 
no hesitation in saying they will be the fastest war ships in the 
world. The class carrying two 100 in, cylinders will attuin a 
regular sea-going speed upwards of fifteen knot».” 
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MESSRS. THWAITES AND CARBUTT’S STEAM HAMMER. 
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STEAM HAMMER. 


Ir not unfrequently happens that heavy castings, such as 
those forming the frames of large steam hammers, turn out 
“ wasters ” if produced in a hurry ; and it was from the know- 
ledge of this fact that Messrs. Thwaites and Carbutt, the 
manufacturers of the hammer shown in the accompanying 
illustrations, first used wrought-iron frames for a large hammer 
which they made in fulfilment of a hurried order, rather more 
than three years ago. The increased strength of the wrought- 
iron frames is also another point in their favour. 

The hammer shown by our ‘ngravings has a 10 ton head, with 
a fall of 7 ft. The cylinder is 2 ft. 11 in. in diameter, and steam 
is admitted both above and Selow the piston by means of a 
balanced piston valve worked by a hand lever, as shown in the 
figures. he steam ports and passages are 1 ft. 3 in. long, and 
2} in. wide. The cylinder is secured to the frame partly by 
bolts passing through the upper flanges of the latter, and partly 
by long bolts 2}in. in diameter, passing down through the 
framing, parallel to the hammer guides, as shown in the illus- 
trations. The metal of the cylinder is 2 in, thick, and it is 
strengthened by heavy ribs on each side. The cylinder cover is 
ulso 2 in, thick, and it is formed with a recess to accommodate 
the nut at the end of the piston rod. ‘The flanges by which the 
cylinder is secured to the frame are 7 ft. 9 in. long, 3 ft. wide, 
and 5 in, thick. 

The piston rod is 7 in. in diameter, and it is coned where it 
passes through the piston; it is secured to the latter by a nut 


At the lower end, where it enters the ham- 
, the piston rod is enlarged to 1 ft. 1 in. in diameter for 
; and above the collar so 
driven through the hammer block, which h 
its place. As the piston rod is enla 
and packing rings of the stuffing 
cylinder have to be made in halves; the halves of the gland 
being held together by a wrought-iron ting, which forms the 
flange upon which the nuts for tightening up the packing bear. 
The gland and packing ring are both cast hollow. The hammer 
head is 7 ft. Gin. long; 3 ft. 8in. wide over all, and 2 ft. 3 in. 
It is lightened by recesses formed 
and by the hollow formed for the reception of the 
piston rod. The hammer face is keyed into the lower part of it 
in the usual way. The head works between guides 1 ft. 7 in. 
wide, 7 ft. 5 in. long, and 3 ft. 4 in. apart, secured to the frame of 
the hammer as shown in our illustrations. 
each a groove 8in. wide an 
formed on the hammer head 

The form of the frame, which, as we have already stated, is 
principally of wrought iron, will be clearly seen from the eleva- 
tion of the hammer given in the illustrations. It consists of 
two sloping standards of a box section, formed of wrought-iron 
plates, secured to castings at the top and bottom, and fitted with 
two triangular portions which carry the hammer guides. The 
plates of which the frames are composed, are all fin. thick, and 


formed two keys are 


at each end, the glands 
at the bottom of the 


Jast, nor in any difficulty out of 
through the thickest part. 


id 2in. deep in which projections 





forming the legs of the frame are 2 ft. 6in. by 3 ft. over the 
plates, angle irons being placed both inside and outside at the 
corners, as shown by the section on the left-hand side of the 
lan. The standards spread at the bottom to a width of 20 ft. 
rom outside to outside, the length of the plate at the top, to 
which the cylinder is attached being 10 ft: 3in. The top of 
this plate is 18 ft. 2 in. above the base line, the total height 
of the hammer to the top of the cylinder cover being 27 ft. 3in, 
The lower ends of the standards are secured to base plates 9 ft, 
long, 4 ft. wide, and 5in. thick. These base plates are formed 
with projections which are embraced by the box girders forming 
the standards, and the connexion is rendered more secure by the 
addition of triangular webs of plate iron, which ran up each of 
the standards to a height of 11 ft., and spread out at the bottom 
to the full length of the base plates, the latter being made with 
flanges, to which the webs are secured. Each base plate is 
secured t the foundation by eight holding down bolts. ‘The 
face of the anvil block is 2 ft. 2 in. square. 

The weight of the anvil block is 110 tons, and of the remainder 
of the hammer 55 tons, the base plates weighing 27 tons 10 ewt, 
The pressure of steam used is from 40 lb. to 50 Ib. per square 
inch, and the hammer can be worked at fifty blows per minute, 
or at a higher speed if it be required. The first hammer of 
this kind made by Messrs. Thwaites and Carbutt, was erected 
by them at Messrs. John Brown and Co.’s works at Sheffield, in 
January, 1863. This hammer was about the same size as that 
shown in our illustration, and a larger one, with a head weighing 
15 tons, has since been erected by them at the same place. 
Messrs. Thwaites and Carbutt have also made several ham- 
mers with wrought-iron frames of the ordinary shape. Our 
illustrations were prepared from drawings kindly furnished by 
the manufacturers. 


STEAM PLOUGHING. 


Messrs. Howarp, of Bedford, sent out the first pair of 
engines made by them with transverse boilers, to the Hereford- 
shire Steam Caltivating, Thrashing, and General Implement 
Company. These engines being the first ever made by Messrs, 
Howard, naturally required some alteration and strengthening, 
especially for the hard work to which they er A second 
pair of engines and tackle has since been made by the same 
makers for the same company, and the results of their working, 
as stated in a communication from Mr. J. Phillips Smith, the 
secretary of the company, are at least interesting, if not indeed 
remarkable, Mr. Smith says: “ Ours is acknowledged to be the 
most difficult country at present occupied by any steam culti- 
vating company. In the end of September last we received our 
secon ir of engines, which, being improved and strengthened 
as taught by experience, fully justify the high opinion we formed 
of the principle. We first put them to ascend Corve-street, 
Ludlow, a gradient of 1 in 7, and then take themselves, together 
with the cultivating tackle and implements, and a portable 
house for the accommodation of the workmen, to a field on the 
‘Downton’ estate, belonging to A. R. Boughton Knight, Esq. 
They had to turn at right angles into this field, from off a turn- 
pike road, which had been cut through the bank, leaving an 
ascent into the field of about 1 in 3, which they accomp! 
simply with their traction gear without headland ropes or any 
other aid. 

“ The soil was a light loam lying upon the old red sandstone, 
which had never before been cultivated to a greater depth than 
6or7in. We went into it (notwithstanding grave remonstrance 
from gentlemen who knew the land well) to a uniform depth of 
11 in.—in some places literally chiselling through 8 or 4in. of 
the soft surface of the rock—in others bursting up nests of sand- 
stone rock as large as horses’ heads, several times unseating the 
man on the cultivator. ? 

“The result of the work done, is a desire on the part of many 
of the leading farmers to raise a sufficient amount of capital in 
shares of the company to secure them a pair of engines exclu- 
sively for their district. From Downton we moved on to the 
. Hill Top,’ near Tenbury, ascending ‘ Kyrewood Hill,’ a gradient 
of about 1 in 5, and the ‘Hill Top Bank,’ a very steep hill of a 
mile and a quarter in length, The soil here is a heavy os 
loam, ordinarily cultivated to a depth of 5 or G in. We — 
it up to a depth of 14 in.—gaining a high character—with t 
same results as‘at Ludlow, and moving on to Leominster down 
the same hills. Here we worked a twenty-two acre field on the 
‘Hennor’ estate, the property of Captain Stevenson, tie previous 
depth of cultivation being not 4 in. in many places; this was 
not from bad farming, for the land has been held by some good 
tenants, but simply that it was impossible to go ate 
horses. We tore up sandstone rock here in huge slabs, no 74 
or two, but scores of them, in pieces varying from mg An 
schoolboy’s slate to a hearth-rug—the common expression rio 
neighbourhood is that we have ‘torn up enough stone to 
a cottage.’ 

Tie ‘engines have since done some excellent work for W. 
—— Esq., of —— Court, 15 in. deep the first time over, 
soil a stiff clay loam free from stone. ‘ a 

“We have hed these engines in all sorts of difieatico US 
such as traction engines were never before taken — ir and 
over which they have had to travel through soft, shi 5 hd -< 
to cross running streams. We have had them sun ro P 
their tenders in soft places, but have never had them yet s . 
which they could — pee 
themselves without aid, and without breakage. P s 
although so severely a oe = — ae of 
any sort or description with this last pair . 

We enientend thet the Hereford Company are abost 10 wis 
three more sets of the same class of engines and tackle fro 


Messrs. Howards. 
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Tae Wurrenatt Cius.—The Whitehall, ~~" — 
not exclusively an engineers’ club, nevertheless — oe 
large number of the members of the profession, = of great 
on Tuesday, May Ist. The club house, although - che finest 
size, is commodious and well appointed, and is one snster. We 
of the modern architectural ornaments bempor = ad 
believe that the club will be of substantial —- panes 
by giving better and additional opportunities for 





are united by 4 in. by 4 in. angleirons. The plates are pianed on 


the edges, and the rivet-holes are all drill 


The number of members is limited to 800. 
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Uspercrounp Ratway in New York.—Mr. Craven, 
chief engineer of the Croton Water Department, in reply to an 
inquiry from the Legislature, gives his opinion that the costs of 
alterations of water-mains and sewers would be so great that no 
advantage to this city from the proposed tunnel railway can 
compensate for them; and the privation of water, and inter- 
Tuption of drainage, might seriously affect the public health. 
Jn this opinion he had in view the plan reported by Mr. A. P. 
Robinson, civil engineer, to the Metropolitan Railway Company, 
which plan was not. approved by the Governor after passing 
the Legislature, and is now again before the Legislature. 
Several daily journals think that the opinion of Mr. Craven 
will settle the question adversely to the underground railway 


project. 


best ever made by a rifled gun. 


It is for fifty years, and the centre station is to be London. 





than one-ninth that raised in Great Britain. 


einen CaB.es,—Mr. Siemens is making a telegraph 
itis 4 it a rubber insulation, at his works at Woolwich. 

hed or the Brazilian Government. Reuter’s Telegram Com- 
pany expect to have a cable laid, in Avgust, between England 


and Hanover, 


HE Russo-AMERICAN TELEGRAPU.—Mr. Henley is making 
8, North Woolwich, the cable intended to be laid under 


at his work 


the Pacific, near Behring’s straits. 








Kirtep OrpNaxce.—In reply to a question in the House of 
Commons, the other evening, the Marquis of Hartington stated 
that the 12 ton pattern rifle gun fired 135 rounds as continuously 
as the state of the tide at Shoeburyness would admit. ‘Ihe 
same gun afterwards fired 315 rounds, and its accuracy had 

u fully maintained, The Select Committee had reported 
that, looking to the practice of the gun as a whole, it was the 


,Nonmi ATLANTIC TELEGRAPH.—A company is immediately 
on to be introduced for a North Atlantic Telegraph by way 
of Faroe, Iceland, and Greenland, to work a Danish concession 


Coan IN France.—If we take the French ton of 1000 
ilogrammes (2205 lb.) as approximately equai to an English 
ton, there were 7,225,700 tons of coal raised in France in the 
a! 1856; in 1860, 8,039,108 tons were raised; in 1862, 
¥,400,000 tons; and in 1865, 11,300,000 tons, or rather more 
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THE WHITWORTH COMPANY'S DUPLEX LATHE. 
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THE WHITWORTH DUPLEX LATHE. 


The lathe which forms the subject of our illustrations is one 
recently made by the Whitworth Company, Manchester, for 
Messrs. Maudslay, Sons, and Field, by whom it is used for turn- 
ing screw shafts and similar- work. The diameter of the face- 
plate is 8 ft. and the length between centres is nominally 38 ft. 
6in.; by letting the movable head overhang the bed, however, a 
longer shaft can be turned. The total width over the bed is 5 ft. 
6in., whilst the fixed head has a bearing 6 ft. 5in., and the 
moveable head one 6 ft. long. It is fitted with duplex slide rests, 
the one carrying a reversed tool as shown in the end elevation. 
The length of the saddle bearing on the bed is 8ft. The face- 
plate carries a spur wheel at the back of it, and is driven by a 
pinion fixed upon a shaft 53in. in diameter placed just above 
the bed. On this shaft is also a spur wheel which is geared into 
by a pinion on a counter shaft, carrying a spur wheel driven by 
the gearing attached to the strap pullies. The strap pullies 
vary from 3 ft. 11 in. to 2 ft. 74 in. in diameter, and are provided 
with fast and slow speeds in the usual way. The arrangement 
of feed motion originally fitted to the lathe is shown in our illus- 
trations. Since it has been at Messrs. Maudslay’s, however, an 
elteration has been made in it, the shaft which is shown run- 
ning along the front of the lathe having been lengthened in the 
direction of the fixed head and provided with a ratchet wheel at 
its extremity. The pawl of this ratchet wheel is driven by a 
rod coupled to a lever moved by a cam fixed at the back of the 
face plate. The total weight of the lathe is nearly 56 tons, the 
weights of the principal details being as follows: Bed, 26 tons; 
fixed head, 10 te lore. moveable; head, 5 tons 17 ewt.; 
faceplate 2 tons t.; and duplex slide rests 9 tons 5cwt. 
As we have already stated, the lathe is erected at Messrs. 
Maudslay’s, and the factory tounded by the inventor of the slide 
rest certainly seems an appropriate place for so fine a specimen 
of modern tool making. We are indebted to the Whitworth 
a for the drawings from which our illustrations were 
prepared. 














FioatinG Dock.—-The large iron floating dock, completed 
some time ago at Sourabaya, in the Dutch Indies, is 295 ft. 3 in. 
long, 78 ft. Yin, wide, and 36 ft. high. Its weight, exclusive of 
engines, pumps, and fittings, is 1882 tons, and with engines &c., 
2362 tons, its draught of water, when pumped dry, being 3 ft. 
7iin. The ship-way, or internal form of the dock, from end to 
end, is 68 ft, 10 in. wide at top, leaving a 5-ft. footway on each 
side, and is 40 ft. 4in. wide at the bottom, the blocks being 
carried upon a floor supported by three longitudinal keelsons 8 {t. 
deep. One keelson supports the line of blocks, exactly under the 
keel of the ship taken in, and the other keelsons are 20 ft. on 
each side from the central one. The bottom plating is £in. 
thick. The machinery comprises four large centrifugal pumps, 
by Messrs. Gwynne and Co., two high pressure engines and 
boilers, together with twenty sluice valves, each 15 in. in diameter, 
4000 ft. of pipes &c. The cost of the machinery was 26111. 
The dock was tendered for by Messrs. Randolph, Elder, and Co., 
of Glasgow, at 58,960/; by Mr. Thomson, of Edinburgh, at 
49,150/., and it was taken and built by Von Vlissengen and Von 
Heel, of Amsterdam, for 31,075/, including machinery, or at 
about 16. 10s. per ton weight of the whole. There were u 
wards of a dozen tenders, with a pretty regular gradation in the 
amounts. It is understood that the Amsterdam firm were per- 
mitted to make several simplifications, which partly explains 
the lowness of their tender. 

Hours anp Wacres—The workmen in the engineering 
works at Perth have lately asked their employers for a reduction 
of the hours of labour from sixty to fifty-seven per week. 
Messrs. Young, Carrington, and Co., have acceded to this, and 
further they have, in conjunction with a delegate from each of 
their shops, appointed an independent accountant to gather 
statistics of the rates of wages in engineering factories throughout 
Scotland, and they have promised tbat if their own men should 
prove to be receiving less than the fair average, hour tor hour, 
they (Messrs. Young, Carrington, and Co.) will make up the 
difference. If on the contrary the men are receiving more, the 





Srram BorLER LaGorxG.—Both in France and Germany, in- 
creased care is taken to prevent the loss of heat by radia- 
tion from steam especially locomotives, by covering them 
with highly burnished Russian sheet iron, leaving only an air 
space of 2 to 8 ‘in. between that ‘and the boiler. Air vy a 
bad conductor of heat, answers for this purpose as well as felt, 
strips of wood, &c., and has besides the advantage that there is 
no by burning, and also of costing nothing. The fact has 
been carefully ascertained that no more fuel is required per horse 

wer per hour, ;than with the ordinary arrangement. It is, 

jowever, necessary to have well fitting joints between the sheets, 
allowing no escape or circulation of air. As this is difficult with 
such thin material, iron putty, or cement, is used between the 
lap joints. Like air spaces have been used in English engines. 

Gas Mains anp Susways at NorrincHam.—Mr. Tar- 
botton, M. Inst. C.E., and Corporation Surveyor of Notting- 
ham, has sent a letter to the Builder and to the Society of Arts 
Journal ; with reference to the Nottingham subways he says : 
“ The first subways formed were in Victoria-street and Queen- 
street, and have an a: te length of about 550 ft.; these new 
streets were made in the centre of the town, and being the first 
of an extensive series of town improvements, the corporation 
were desirous of introducing the best means of preventing the 
constant breaking up of the surfaces of the public streets for 
drainage, gas, water, and other services. The subway is 10 ft. 
wide, and 7 ft. high, and was completed three years ago, and 
therein were laid the sewers and branch drains, and the gas and 
water. mains and services. ‘The subway is well ventilated ; 
no escape of gas or water has, to my knowledge taken place, 
though the interior has been constantly visited and worked in by 
the men employed by the corporation, and the pas and water com- 
panies, for branch drains and service pipes. I have never observed 
asafety lamp used, or heard of its necessity; and 1 have seen gas 
service connexions made with an open light, even with a gas- 
light obtained direct from the main, immediately contiguous to 
the branch in course of being attached, Hitherto the workmen 
alluded to have had, at all times, free access to the subway. The 
second subway was made under Lister-gate, the greatest 
thoroughfare in Nottingham, after the same had been widened 
and improved at an enormous cost, to meet the increasing traftic. 
This subway is somewhat similar to the first, but with improved 
details as to ventilation, access, and internal convenience, and 
therein the main sewer of that part of the town is built with 
service connexions, and also the telegraph wires are therein fixed. 
For some reason the gas and water companies have declined to 
use it, and have instead deliberately ripped up the street with 
four trenches for two lines (each) of gas and water mains, The 
corporation are highly annoyed, but, notwithstanding, have 
decided to construct a similar subway under a third street im- 
provement now in progress.” 

Tue Paris Universal Exuipition.—A document just 
issued from South Kensington, states that live cattle, and agri- 
cultural and horticultural products will be received and provided 
for. Agricultural machines intended to be shown working in 
the agricultural establishments under Group 8, will be set in 
motion by exhibitors of various classes who may desire to under- 
take this duty in order to exhibit their engines more completely.’ 
Comparative trials will be organised under the direction of the 
Jury for Awards. The Imperial Commission will endeavour to 
provide the ground required for these trials, but all the other 
expenses which they may entail must be borne by the exhibitors 
who take part in them. Applications for space may now be 
made, as it is sufficient that they should state the kind and the 
probable quantity which the applicant wishes to exhibit. 

Tue Scorcu Inon SPECULATION.—Store warrents, under 
the recent combination among brokers, have been run up 
to an even higher price than Scotch pigs. The price a 
few months ago, was 55s., and it is now 79s. The shadow 
commands more than the substance. In 1845, the average 
price was 80s. 8d.; in 1848, 44s. 4d.; in 1851, 40s. 1d.; in 
1853, 61s. 5d.; in 1854, 79s. 3d., while from 1858 to 1865 
the price varied but three or four shillings; either way from 
54s. 6d. The top price, in 1846, was 120s.; the lowest price, 
in 1850, 36s. ‘The stock in store is now estimated at 








firm will not press for a reduction. 


415,000 tons. 
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FORCE AND MOTION. 


Simpie and easy of application as are the laws of 
force and motion, we believe there are large numbers 
of practical men, professing to be mechanical engi- 
neers, who are not even acquainted with them, still 
less with the modes by which they may be made to 
solve such a vast variety of problems in mechanical 
engineering. The application of the laws of falling 
bodies determines, perhaps, the greater number of 
these questions, ee these laws ought to be, so to 
speak, at the fingers’ ends of every one who, as an 
engineer, has to deal with forces in motion. It is not 
much to commit to memory the fact that the velocity, 
in feet per second, acquired by a body falling in vacwo 
is almost exactly eight times the square root of the 
height in feet. é converse law, giving the height 
from which a body must fall, in vacuo, to acquire a 
given velocity, is equally brief. The height, in feet, 
will be the square of one-eighth of the velocity in feet 
per second. Again, it is to be always remembered 
that a body, moving at any velocity, whether it move 
horizontally, or upward, or downward, or in any direc- 
tion whetaliiae Yan exactly as much power—or, let us 
say, mechanical work—stored up in it as it would 
have acquired in falling from the height which would 
genérate the same velocity. A railway train at 60 
miles an hour moves at the rate of 88 ft. per second, 
and this velocity is the same as that which a body 


3 
would acquire in falling from (>) = 191 feet. 


Now were a train at 60 miles an hour to be directed 
vertically upward (in a vacuum) it would rise to a 
height of 121 ft., and in addition to the power ab- 
sorbed in friction, concussions and atmospheric resis- 
tance, as much mechanical work must be put into a 
train to get it into motion at this rate, as would lift 
it bodily to a height of 121 ft. Ifthe engine, tender, 
and train weigh 100 tons, here are 224,000 lb. 
lifted 121 ft., or 27,104,000 foot-pounds. Suppose 
this amount of work to be put into the train, within the 
space of five minutes, it would require the exertion of 
164.1 horse power for that space of time to reach the 
required speed, this amount of power being of course 
in addition to that due to the rolling, jolting, and 
atmospheric resistances to motion. If the motion of a 
train, from a state of rest, were uniformly accelerated 
for the space of five minutes, reaching a speed of 60 
miles an lene at the end of that time, its mean velocity, 
during that time, would be 30 miles an hour, and we 
can easily ascertain, therefore, that it would have run 
24 miles while attaining its maximum speed. Now 23 
miles are 13,200 ft., and the constant accelerating force, 
therefore, for the time, would be the quotient obtained 
by dividing the 27,104,000 foot-pounds of power, 
already ascertained, by 13,200 ft., the accelerating force 
thus being 2053}Ib. In addition to the mere resistances 
of motion, the engine would require to exert this 
amount of tractive force for five minutes, merely to get 
up thespeed. If the engine have 17 in. cylinders, 2 ft. 
stroke, and 7 ft. wheels, nearly 25 Ib. mean effective 
cylinder pressure would be required to get up the 
speed, irrespective, of course, of the pressure due to 
the resistances of motion. 

The same general mode of calculation gives the 
power required in increasing the speed from any one 
given rate to another. Thus, at 40 miles an hour, the 
velocity is 58% ft. per second, equal to that acquired in 
falling from a height of 53.17 {t., while at 45 miles an 
hour, the velocity, 66 ft. per second, is that due to a 
height of 68.06 ft. Thus to raise the speed from 40 to 
45 miles an hour, would require an amount of power, in 
addition to that required in overcoming the resistances 
to motion, equal to lifting the train through 14.89 ft. 
This amount of power may be derived from the engine, 
or from gravitation in descending a gradient, or partly 
from both. 7 

In slackening the speed from 45 to 40 miles an hour, 
the same amount of power is given off in addition to 
any power still exerted by the engine. The power 
given off in slackening the speed may be expended 
upon the brakes, or it may zo to carrying the train a 
further distance beyond that due to the working of the 
engine. Suppose by applying a brake to every wheel 
in the train, the consequent friction combined with the 
resistance to motion (except the resistance of gray ity), 
amounted to one tenth the weight of the train. Let 
the speed of the train at the moment of applying the 
brakes be 60 miles an hour, and we may find the 
distances respectively at which it may be stopped upon 
a level, upon an up gradient of 1 in 100, od a down 
gradient of 1 in 50 (taking these gradients, for illustra- 


tion). Taking the train of 100 tons weight we have 
seen that the power stored up in it is 27,104,000 foot- 








pounds, although we might equally make the calcula- 
tion with the same result for a moving weight of 
lton or 1 lb. One tenth the weight of the train 
(estimated as the total retarding force) is 22,400 Ib., 
and it would thus run 27,104,000—22,400=1210 ft. 
upon a level before stopping. If the train be rising, 
however, upon a gradient of 1 in 100, then the total 
retarding force would be +4ths of the weight, or 
24,640 Ib., and the distance within which the train 
would be brought to rest would be 1100 ft. In descend- 
ing an incline of 1 in 50, the retarding force would be 
partly counteracted by gravity, and the effective re- 
tarding force would be but z85ths the weight of the 
train, or 17,920 lb., and the distance within which it 
would be stopped would be 15124 ft. Conversely if a 
train be stopped under the circumstances named, at 
the measured distances given, then we know that the 
total retarding force, irrespective of gravity, is one- 
tenth of the total weight in motion. 

In the case of Mr. Ramsbottom’s self-filling tenders, 
if the water require to be lifted 9 ft. high, then a 
velocity of the engine greater than 24 ft. per second, or 
about 163 miles an hour, would be requisite to main- 
tain a delivery of the water. Above this speed the 
delivery should be, and practically is equal for the same 
length of trough passed over, the delivery per second 
being as the speed of the engine. 

Suppose a fire engine branch pipe to have a nozzle 
of 1 square inch sectional area, corresponding nearly to 
1} in. in diameter, what would be the amount of power 
required to project from it 3 gallons of water per 
second, irrespective of the friction of the water in the 
nozzle? Three gallons of water per second corresponds 
to 1800 lb. of water per minute. The power required 
to eject this will be the same whether the nozzle be 
directed vertically or horizontally, and the power will 
be not as the actual distance to which the water might 
be found to rise if directed upward, but as the height 
corresponding to the velocity of the issuing jet. The 
jet having a sectional area of 1 square inch, and there 

eing 277} cubic inches nearly in a gallon, the effluent 


velocity of the water would be 5x sit = 69.31 ft. 


er second, corresponding to a fall from a height of 
iE ft. The water might not in reality rise to a height 
of 50 ft., yet the power required to force it out would 
be that required to lift it 75 ft., or 135,000 foot-pounds 
per minute, corresponding to 4.07 horse power. 

A 100 1b. cannon ball, if fired with an initial velocity 
of 1300 ft. per second, would rise iz vacuo, if fired up- 
ward, to a height of almost exactly five miles. Thus, 
2,640,000 foot-pounds are exerted upon the shot, irre- 
spective of its frietion in the gun, all in the fraction of 
a second of time. This is equal to the exertion of 80 
horse power for a minute of time, or to 4800 horse 
aca in a second, and to many times this amount of 

iorse power during the brief interval between the 
ignition of the powder and the escape of the shot. 


THE MANCUVRING OF SHIPS. 


Or the indicated power of marine engines, not more 
than, if as much as, three-fourths are effective in pro- 
pelling the ship. Isherwood has, in a number of cases, 
made out a much less proportion. If, however, in the 
full speed trial of the Agincourt, we take three-fourths 
of the indicated bene as consumed by the resistance 
of the ship, we shall have 5000 horse power at say 
14} knots an hour, and thus we can readily calculate 
that the constant resistance at that speed is a little 
more than 49 tons, or, in other words, that that weight, 
hung over a pulley, would draw the ship through the 
water at 14} knots. The resistance of ships is known 
to be in proportion to the square of the velocity, and 
were we to thus calculate the resistance at the low 
speed of three knots, we should find it but about two 
tons. This is probably much less than would be com- 
monly supposed by those who had not made the calcu- 
lation ; but we believe there can be no doubt as to the 
correctness of the calculated result. The resistance of 
a great, ship of nearly 10,000 tons’ displacement is only 
the sisth part of its weight at 143 knots, or nearly 
17 statute miles per hour, being considerably less than 
the resistance upon a level railway at the same speed. 
And whereas the resistance of the train at three miles 
an hour is at least ;4,th of its weight; that of the 
ship, at this diminished speed, is but the ,~5th part of 
its own weight. 

It would be interesting to know with what amount 
of force a ship could be turned about upon its own 
keel, its bow and stern moving, say at three knots an 
hour, giving a mean rotative velocity of rather less 
than two knots an hour for the whole length of the 
ship. Thus moved, a ship 400 ft. long would go around 
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the circle in four minutes. When the ship is going a 
full speed, the power me to turn her is necessarily 
great, and is represented by the impingement obliquely 
of a column of water striking, at the speed of the ship, 
upon the whole area of the rudder. : But the power 
required in turning at a slow speed is quite another 
thing. We believe it reasonable to suppose that a 
force of two tons applied on the port bow, and a nearly 
eqtial force on the starboard —. would spin the 
Agincourt, or any ship of her class, round to starboard 
at a good three knots an hour, as measured at the bow 
and stern. 

Were the mode of pumping jets of water at right 
angles to the line of keel, as suggested in an article in 
our last week’s number, to be adopted, this force 
would be obtained by Pumping through a 3 ft. 
orifice, with a velocity equal to that which the water 
would acquire by falling, ix vacuo, from a height of 
about 10 ft. 5in. And as the jet at each end should 
discharge above the surface of the sea, we may say that 
the resistance against the pump, irrespective of the 
friction of the water in the pipes, would be equal toa 
head of, say 14ft. or 15 ft. And as, to give the 
effluent velocity corresponding to the outward pressure 
of the jet, the water would require to move through the 
3 ft. orifice with a velocity of at least 26 ft. per second, 
corresponding nearly to a head of 10 ft. 5 in., we should 
have about 183 cubic feet, or 5} tons of sea water 
per second discharged from each jet, and were there 
no loss of effect, re were we to disregard the friction 
of the water in the pipes, and to estimate 315 tons of 
water lifted 15 ft. high per minute, we should require 
about 321 horse power for each jet. Allowing for the 
loss of effect in the jet itself, and for the loss of effect 
in the pumps, we might at once set down 1000 horse 
power, in round numbers, as required for each 3 ft. 
jet. The engines of the Agincourt, or a ship of equal 
class, would readily work up to 2700 horse power, 
when throttled to twenty revolutions per minute, 
at which speed they would be supposed to work when 
driving the centrifugal pumps to supply the jets. In 
this case, at one-third their full speed, the resistance 
to the propeller should be but one-ninth that at full 
speed, absorbing (say) 700 indicated horse power, and 
leaving 2000 for the pumps, as calculated with a most 
liberal allowance for es of effect. We admit that we 
have first gone upon an assumption as to the force 
required in turning a ship at a given speed, bit we 
have a number of reasons for believing that the 
assumed resistance is not below the real resistance. 
The subject, we think, deserves experiment. 

The jets need not, of course, be discharged close to 
the bow and stern. For a 400 ft. ship the jets on 
opposite sides need not be more than 200 ft. apart, 
fore and aft. Ifa 6 ft. water pipe were employed for 
this length, with 150 ft. in length of branches of the 
same diameter, we should have 280 tons of water in 
the pipes while manceuvring, and this weight, in a ship 
like the Agincourt: would increase her draught about 
Sin. The mains would have water-tight valves to be 
closed after action, and they would then be pumped 
dry by the centrifugal pump used for circulating the 
water in the condensers, or by the bilge pumps. 

With a ship mounting eight of the heaviest guns on 
each broadside,‘ and two or three forward, and the 
same number aft, the power of turning, even in from 
three to four minutes, when there was very little 
way on the ship would give it a vast advantage 
in action. We throw the suggestion out for the con- 
sideration of others, who, while they may see objec- 
tions which we, too, can see, may find advantages 
possibly sufficient to counterweigh them. 








Marre Enoines.—In an auxiliary screw steamship, 
designed by Mr. J. F. Spencer, and built upon the Clyde, he 
introduced Corliss engines, having his improved detent, adapting 
them to high speeds. With a 3ft. stroke, these engines, on % 
run to Maderia, made from eighty-six to ninety-four revolutions 
per minute. The engines averaged 340 indicated horse power, 
cutting off at one-sixth stroke, and the consumption of coal was 
10 tons per day, or about 23 lb. per indicated horse power per 
hour. Mr. Spencer is now designing a larger pair with 81. 
stroke, to run at from one hundred to one hundred and ten 
revolutions, with steam of a working pressure of 45 1b. With 
first-class workmanship and materials, ample bearing surfaces, 
and perfect lubrication, he expects to run an engine with 33 ft. 
stroke at one hundred revolutions. 

Cast-STer, Cannon.— Twenty-six rifled cast-steel cannon, 
h, have been lately 
sent to Cronstadt. The Russian government have ordered 
largely of these, as well as Captain Blakely’s guns. 

Tue Crry, Kingston, Aanp RicHMoNnD Raruway.—The 
bill for this line passed its second reading in the House 0 
Commons on Monday evening. Mr. Watkin, the new chairman 
of the South-Eastern Railway, explained that the proposed line 
would take but one quarter of an acre of the public recreation 
ground, at Kingston, and but one acre and a quarter of Ham 
Common, under which the line would be tunnelled. 














Marcu 16, 1866.] 


ENGINEERING. 


165 








RAILWAY CARRIAGES. 


Durtne the last few years great improvements have 
been effected in the passenger carrying stock of this 
country, particularly in that used tor what is termed 
“local” traffic. The opening of the Metropolitan 
Railway, with its lofty and well lighted carriages, 
showed the public what could be done towards render- 
ing railway travellmg more comfortable, and rendered 
it necessary that the other companies, particularly those 
working trains between London and its suburbs, should 
follow the example set by the Metropolitan Railway 
Company ,and afford improved accommodation. It is 
now generally allowed that carriages used for trains 
making frequent stops, should be more lofty, and should 
be made with greater space between the seats, than 
those used for trains making long runs; this in- 
crease in the dimensions being necessary in order to 
allow persons to enter and alight from the carriages 
with out inconveniencing the other passengers. At 
one time a distance of 1 ft. 6in., and even less, between 
the seats of a railway carriage, was considered to be 
quite sufficient, now it is seldom made less than 1ft. 
10 in., and in many cases it is 2 ft. and upwards. The 
width of the seats themselves, is also generally greater 
than it used to be. In some smoking carriages, made 
by Mr. Sinclair for the Great Eastern Railway, the 
distance between the seats is 3 ft. 6in., the carriages 
having three compartments only, in a length of 24 ft. 
Part of the space between the seats is, however, in this 
case, occupied by a small oval table placed in the centre 
of each compartment. There are also on the same line a 
number of first-class carriages, having three compart- 
ments in a length of 21 ft., the distance between the 
seats and the width of the doorways being 2 ft. 2 in. ; 
the London and North-Western Company have also 
some carriages of very similar dimensions. 

The height of many of the older railway carriages 
now in use is little over 5 ft., whereas the new stock 
has generally a height of at least 6 ft. at the centre. On 
the Great Kastern line the standard height in the 
centre has for some years been 6 ft. 1? in., whilst in the 
case of the carriages of the Metropolitan Railway it 
is 6 ft. 9in., the height at the sides being 6ft. On 
the South-Kastern and Great Northern lines there are 
also carriages of a height differing little from the 
dimensions last given. or the width of narrow gauge 
carriages, 8 ft. outside is becoming a standard dimen- 
sion on many lines, it is however, exceeded in some 
cases. Besides the increase made in the size of rail- 
way carriages, several other improvements have been 
made in their construction and fittings which tend to 
the comfort of those using them. In most cases the 
windows are larger than they used to be formerly, and 
improvements have been made in the ventilating ar- 
rangements. ‘The introduction of india-rubber springs 
between the body and under-frame also is now becoming 
very general, the result being a considerable diminu- 
tion of the noise heard within the carriages. The 
lighting of the carriages by night has also received a 
good deal of attention, gas being now used for that 
purpose on several lines, although its application can- 
not yet be considered by any means general. Where 
gas is not employed improvements have in many cases 
been effected in the construction of the roof lamps, and 
the size of these has been increased so that a far 
better light is obtained than formerly. In many minor 
matters also, such as the provision of nets for the re- 
ception of hats and parcels and the addition of cushions 
aid padding to second-class carriages, &c., the com- 
fort of passengers has been studied. 

renner the new carriages recently made for the 
metropolitan lines are those constructed for the 
North London Railway by Mr. William Adams; and 
as these are excellent examples of carriages adapted 
for local traffic, we have no doubt but that a descrip- 
tion of them will be acceptable to our readers. The 
lirst-class carriages have a total length over the body 
of 27 ft. ljin., this length being divided into four 
compartments. The width outside is 8 ft., and the 
heigit inside, between the seats, is 6 ft. 9in. at the 
centre and 6 ft. Lin. at the sides. The under-frames 
are made with five transverse bearers, that in the 
centre being 7}in. by 4in., and the others 11 in. 
by 4 in. Tue soles and headstocks are 11 in. by 4 in., 
unas re 74 by ins sed thay are paola 

2in. by df in, ¢ 4 placed at a 
distance apart of 8} in., whilst the diagonals are 6 in. 

ry 3} in. The carriages are fitted with the arrangement 
o— sprngs and short buffers and couplings, already 
“ustrated in this journal.* Tron knees are placed 
at the corners connecting the soles and headstocks, 
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the soles and diagonals, and the soles and transverse 
bearers. The wheels are of the wooden disc kind, 
3 ft.6 in. in diameter, and placed at a distance apart 
of 15 ft. from centre to centre. India rubber cushion 
springs (Attock’s patent) are placed between the bodies 
and under-frames. The bottom sides and end bars of 
pe: bod: Some are 9 in. by 34 in., wy intermediate 
irs, of which one is p opposite oor pillar, are 
6 in. by 34 in. The doorways are 2 ft. 04 in. wide in 
the clear, the width of the door outside being 2 ft. 2 in. 
The door pillars are 34 in. thick by 3 in. wide, tapered 
of course to suit the doors. The dimensions of the 
rails of the side framing are as follows: cant rails, 
3+ in. by 3in.; rails over side lights, 3 in. by 23 in. ; 
rails under side lights, 3§ in. by 2} in. ; and lower rails, 
3in. by 1}in., and 2in. by 2in. The carriages are 
made without waist panels, the lower panels being 
carried up to the bottom of the side lights. Inter- 
mediate pillars, 3? in. by 2} in., reaching from the rails 
over the side lights to the bottom sides, are framed in 
at a distance of 1 ft. 4 in. from the door pillars. 
The corner pillars are 4 in. by 34 in., and the end 
pillars, of which there are six in each end fram- 
ing, are 3 in. by 2in. They are connected by an 
arched rail 2 in. thick by 94 in. deep in the centre, 
and by three rails, the middle one of which is 23 in. b 
2% in, and the others 2} in. by 2in. ‘The middle rail 
divides the end panels into two lengths. .The arched 
rails at the top of the partitions are 24 in. thick by 9 in. 
deep in the centre, and the partition boards are } in. 
thick. The roof-sticks, of which one is placed opposite 
each door pillar, are 3 in. wide by 2} in. deep, and 
lining boards, placed flush with the under-side of the 
roof-sticks, extend from them to the arched rails, so 
that the height of the carriage inside is 2} in. less over 
the seats than between them. The roofing boards are 
Zin. thick, and battens are placed across them over 
each roof-stick and arched rail. The panels are 
#in. thick, and the end lining boards 3 in. thick. The 
clear length of the compartments inside is 6 ft. 6 in., 
of which length each seat occupies 1 ft. 7} in., there 
being a distance of 2 ft. 3 in. between the front seat 
rails. The front seat rails are 4in. by 2} in. and 
the back seat rails 4 in, by 2 in., the tops of the 
former being 1 ft. 2 in., and those of the latter 
1 ft. 0} in. above the floor of the carriage. ‘Ihe floor- 
ing boards are l4in. thick, and footwarmers are re- 
cessed into the floors of the carriages between the 


seats. The door lights are 1 ft. 7}in. by 1 ft. 6fin., & 


and the side lights are 2 ft. by1ft.4in. ‘The 

are lighted by one gas jet in each compartment; tie 
gas is supplied from a reservoir in the guard’s yan, by 
means of a pipe running along the roof of each carriage, 
the pipes of adjoining carriages being coupled by a 
flexible tube. ‘Ihe carriages are well trimmed, springs 
being placed under the seat cushions and behind the 
back squabs, Each seat is intended to accommodate 
four passengers, and is divided by an arm in the middle. 
Hat rails and nets are placed above each seat, and ven- 
tilators are fitted to the upper part of each door. 
Besides the first-class carriages, which we have just 
described, the North London Railway Company have 
some composite and second-class carriages of very 
similar construction, the height being the same, but the 
_— of the second-class compartments being less. 

e have hitherto spoken only of the improved ac- 
commodation afforded by recently constructed railway 
carriages, and we must now say a few words respect- 
ing the materials employed in their construction. At 
one time the under-frames were almost universally 
made of oak, the body framing being of ash or oak, 
and the panels of mahogany. Oak frequently gives 
much trouble from twisting, and within the last few 
years teak has become more and more generally used 
for both framing and panels, with excellent results. 
The North Lemke carriages are made of this wood. 
For body framing, straight grained mahogany has also 
been used to some extent, and it is found to stand 
well. Panels of iron and papier mache have been em- 
ployed in some cases, but their use has never become 
general in this country. ‘The use of iron under-frames, 
introduced more than twenty years ago, ddes not seem 
to increase, but some carriages having frames partly 
of iron and partly of wood have been made for the 
South-Eastern railway, and the same mode of con- 
struction is being adopted on some other lines. Axle 
boxes adapted for lubrication by oil instead of grease 
are now being largely applied on most of the prin- 
cipal lines with very good economical results, and in 
all probability their use will eventually become the rule 
instead of the exception. The use of steel for carriage 
tyres and axles is gradually extending, and there is 
little doubt but that, as the cost of the material be- 
comes reduced, it will be applied still more largely. 





THE ATLANTIC TELEGRAPH COMPANY. 


On Wednesday, a well attended meeting of merchants and 
others interested in Atlantic telegraphy was held at Liver- 
1 for the wd of hearing explanations from Mr, Cyrus 
ield, Captain rson, Mr. Canning, and Mr. Varley, as to 
the V pene position and prospects of the undertaking. Mr. 
Field was voted to the chair, and he explained the circumstances 
Telegraph Ours enterprise had — handed ome. by the — 
e pany to the Anglo-American Telegraph Com- 
panys which is now subscribing 600,000/. for the purpose of 
laying the new cable and completing the old one. He explained 
that this course was imperative to insure the carrying out ofthe 
project during the ensuing summer, in consequence of the deci- 
sion of the Attorney-General that the Atlantic Telegraph Com- 
pany had no power to issue 12 per cent. preference shares. The 
new company would be answerable for the successful laying of 
the cable, and would then have a claim to a certain amount on 
the profits of the undertaking. If any shareholder thought this 
unjust, he was of course welcome to take as many shures as he 
liked in the new company. Mr. Canning then gave a short 
account of the experiences gained, and the improvements effected 
in the machinery. He had not the slightest fear but that in their 
next effort they would be quite successful, not only in laying the 
new line, but in recovering and completing the one partially laid 
last summer. Capt. Anderson said they were prepared toanticipate 
even worse difficulties than any yet met, and no difficulty had been 
suggested which they were not fully prepared to meet and over- 
come. He had the fullest confidence in the Great Eastern. Mr. 
Varley, the electrician, entered more fully into the details of 
the project, and showed the advantages which the new cable 
would possess over the old one, in having a greater breaking 
strain. He also showed that with improved apparatus the 
recovery of the old cable and its completion would be a work of 
very little difficulty, and of almost certain success. As to the 
earnings, he showed that the Persian Gulf cable earned nearly 
100,000. a year, and that with bad management and great 
delays; with the Atlantic cable, and the improved instruments 
for the transmission of messages, which were extremely sensitive 
and delicate, he believed it would be no exaggeration to say that at 
the proposed rate of charges, it would be quite able to remit mes- 
sages at a speed which would earn a million pounds per annum. In 
the course of his remarks, he explained the manner in which 
the splicings or joinings of the cables are formed. So deli- 
cate, said he, were the tests employed that it was often found 
that the state of an operator's nerves or skin seriously affected 
the work; and it had often happened that when a man had 
been living freely the previous day his work in splicing failed to 
pass the test, and was rejected. In answer to questions, Mr. 
Canning and Mr. Varley explained that the state of the cable 
at the bottom of the Atlantic up to the point where it parted, 
was as perfect now as the day it was laid. Mr. Varley also 
stated that the first cable that was laid was destroyed by tle 
immense power required, owing to the im instriments 
and defective insulation, to remit words at a rapid rate. 
Ash igh a power as 5000 cells to one battery had been then em- 
ployed; but with the last cable an order had been made that no 
reater power than 20 cells should be used, and it was quite pos- 
sible to obtain, with the improved instruments, a rate of five or 
six words a minute with « power of only # single cell. A gen- 
tleman remarked that there was a letter in the Zimes signed by 
an engineer, and apparently a man of some note, but he could 
not recollect his name, who had declared that it was a mechanical 
impossibility to raise the sunken cable, because of its great weight. 
He wished to know if the company had thought it worth while 
to answer that letter. Mr. Field remarked that if the company 
were to answer all the letters addressed to them, they would soon 
have to employ the whole of their capital in the task. ‘They had 
already given, that day, an answer. Captain Anderson said he 
had not answered all the letters he had received, because he 
could not do so. One writer, a lady, proposed to raise the cable 
with a magnet, There were lots of people who wrote to say 
they would raise the cable, but they must have 10,0002. for 
doing it; 10,0002 seemed a favourite sum with such people. 
Mr. Field said that one gentleman called upon him and proposed 
to sink a hollow tube to the bottom of the sea, and then go down 
in it and look for the cable. He plagued him considerably, until 
one morning he (Mr. Field), told him that he had decided that 
the thing could be done, and he (the inventor), should have the 
appointment to ‘go down and look for it. He hadn’t seen him 
since, Captain Anderson said it was only fair to admit that 
many of the letters contained very sensible suggestions. The 
proceedings then concluded with a vote of thanks to the 
speakers. 








SournHwark Brivce.—The Bridgehouse Estates Com- 
mittee of the Corporation of the City of London have reported 
in favour of the oe mage of Southwark-bridge, and against the 
building of a new bridge, at an estimated cost of from 1,000,000/. 
to 1,500,0002. between Southwark and Blackfriars-bridges. The 
Common Council have adopted the report, and referred it back 
to the committee to negotiate for the purchase of the bridge, 
subject to the approval of the Coart, upon the understanding 
that the cost of the purchase and maintenance of the structure 
was to be charged upon the Bridgehouse estates, with the 
authority of Parliament. In 1853, the Southwark Bridge Com- 
pany asked 800,000/ for the bridge. At that time Mr. Bun- 
ning, the late City architect, advised the Corporation that to 

e the approaches of the bridge what they ought to be, 
would require an additional expenditure of 160,000/. But when 
the new street is made from the Mansion House to Blackfriars- 
bridge, the upper part of Queen-street will be no longer used as 
an approach to Southwark-bridge. With regard to the safety of 
the bridge, having regard to the great increase of traffic couse- 
quent upon the removal of the toll, eminent engineers have 
ound less deflection in the great arch than there has been in 
any other bridge across the Thames, while the piers being built 
of ite, and with special reference to the great span of the 
arc are of the most solid and enduring kind. In the five 
months ending with January last, the total number of foot pas- 
sengers who passed along it was 6,985,000, and of vebicles 
1,766,764. 
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PUBLISHER’S ANNOUNCEMENT. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

All letters connected with the business department of 
this paper to be addressed to Mr. Charles Gilbert, the 
Publisher, 87, Bedford-street, Strand, London, W.C, All 
other letters to be addressed, there, “ To the Editor.” 

The sixteen pages forming the reading matter of this 
journal will, in a short time, be printed upon heavier paper, 

iving more clearness to the type and woodcuts. 

ENGINEERING is published punctually at 1 P.M. every 
Friday, and most of the large London newsagents are sup- 
plied between two and three o'clock. This is stated because 
constant complaints are being received of the difficulty of 
getting the paper in the Country. 


Cheques and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 


ENGINEERING is registered for transmission abroad. 


Mr. Krrkatpy’s Testinc Macuine.—/Jn our notice, last 
week, of some experiments upon steel at Mr. Kirkaldy’s Ex- 
perimenting Works, we stated that the “heavy cross head” 
broke. It appears that the casting which broke, and of which 
the fracture was shown us, was but a loose piece of iron em- 
ployed for a temporary purpose, and that its failure in no way 
affected the efficiency of the machine, which has been in regular 
service all the week. The estimated strength of the machine 
is, indeed, as great as 1,000,000 1b., and it has already borne 
nearly one half that strain. The steel tube did not “ fly out,” 
as was stated, but yielded gradually. 





Tue InstituTION OF CIVIL ENGINEERS.— Tuesday, 20th March, at 
8 v.m., Discussion upon “The Hydraulic Lift Graving Dock,” and, 
time permitting, the following paper will be read, “ On the Maintenance 
and Renewal of Permanent Way.”’—By A. Price Williams, M. Inst. C.E, 

Society oF EnGINEERS.— Monday, 19th March, Adjourned Discussion 
on Mr. Wessely's paper ** On Arched Roofs,” at 7. 
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THE ENGINES OF H.MLS. 
BELLEROPHON. 

We had prepared illustrations of the engines of the 
Bellerophon, in anticipation of her trial, which was to 
have taken place on Monday last. We have thought 
best to give the drawings as they stand, but to defer 
our detailed description until the official trials have 
been completed. ‘The engines are of 1000 horse power 
nominal, to work up to 6000 indicated. 





ON THE FLOW OF SOLID BODIES. 


Tue above somewhat paradoxical title has been 
given to a paper read before the French Academy of 
Sciences, by M. Tresca, the well known secretary of 
the Conservatoire des Arts et Metiers. The contents 
of this communication are very interesting, and promise 
to lead to investigations of the hizhest practical value. 
M. Tresea publishes the results of a series of experi- 
ments with solid bodies of different kinds, which were 
subjected to a very considerable pressure, and the 
deformation of which, under such pressure, has been 
carefully studied. It appeared from these experiments 
that the molecules of solid bodies can change their 
relative positions in a similar manner and according to 
the same laws as those which regulate the flow of 
liquids, and that the property of malleability of solid 
bodies is nothing but the result of the flow of their 
‘ween under pressure. ‘The experiments in question 
iad been suggested by certain researches on the resis- 
tance of metals to punching and cutting, which offer 
conditions of greater complexity, and which required 
the precedence of experiments ‘under conditions more 
favourable to the investigation. There are three modes 
of experiment which afford the greatest simplicity of 
*pplication, viz.: 1st, punching a cylindrical hole in a 
Plate ; 2nd, the compression of a cylinder in a direction 
a to its axis ; and, 3rd, the efflux of solid mate- 
ie be om a cylindrical chamber through an orifice in 
A ttom or the side of such vessel. 

Pe. re ed neat on punching has been made on 
piled upon ouch eles ond. aed cae re 
a grt a ae oe: punched through in the 
£ millimet a to the layers. The plates were 

etres, or about in. in thickness each, the 





total height of the block being 64 millimetres or 2} in. 
They were firmly held together by two iron plates, each 
of which had in its centre a hole of 20 millimetres 
diameter, through which a punch of corresponding size 
could pass. The punch was driven throu hn the plates 
by hydraulic power, and the hole was made by driving 
out a lead punching of 20 millimetres in diameter, by 
31 millimetres hi The same reduction of height 
had been previously found by punching a solid block 
of similar dimensions. Now, although the punching 
had only half the thickness of the hole from which it 
was expelled, its specific gravity had not changed, and 
the experiment with the sixteen layers of plates was 
made in order to answer the question how the expul- 
sion of the other half of the metal which occupied the 
space traversed by the punch had taken place. The 
block was cut through after punching, and the surface 
of section carefully planed. This surface showed the 
fifteen lines of division corresponding to the layers of 
the block, but the thicknesses of layers were changed 
in a very curious manner. The upper plate and the 
three lowest had very nearly maintained their original 
thickness, while the central layers had been very con- 
siderably reduced. From this it will be seen that, in 
the — part of the block, the expulsion of the metal 
must have taken place in a horizontal direction, and 
that, therefore, the resistance in that direction was less 
than that which all the layers offered to the punch. 
The first conclusion derived from this is that the pres- 
sure exerted by the punch in a vertical direction only, 
is transmitted laterally through the whole mass of a 
solid body, and that the motion of its particles will 
take place in any direction in which there is the least 
resistance offered to it. But this is not the only 
result obtained from this experiment. By an exami- 
nation of the section of the punching, it will be found 
that the layers composing it are ail curved to a certain 
extent, and on examination under the microscope, the 
extremities of those layers can be traced, and are seen 
to extend to the very top of the punching, each layer 
forming a kind of dish with very minute borders, which 
encloses all the superposed layers, and is itself enclosed 
by the extremities ot the layer below. These layers 
seem, therefore, not to have been separated from the 
block before having been laminated on their borders 
and extenuated in a manner similar to glass spun in a 
thread at a high temperature. An analogous disposi- 
tion of the plates can be seen on examining the section 
of the block punched through. Every plate iseurved 
under the action of the punch, and pth scam drawn 
out to the bottom in such a manner as to form a tube 
of minute thickness passing through all the tubes formed 
by the lower plates. ‘Ihe inside of the punched hole 
is, therefore, made entirely from a layer of the upper 
plate, forming a thin tube, surrounded by a series of 
shorter tubes, which are formed by the extenuation of 
the lower layers, and are arranged in the interior of the 
solid mass. The plates being in such manner enclosed 
within each other, cannot afterwards'be separated with- 
out breaking, but the lines of rupture show their struc- 
tural disposition with great clearness. A plate has 
been preserved with parts of the broken tubes formed 
by the upper and lower plates adhering to it, the 
remainder Laviaiy been carefully removed. The plates 
under these conditions show a remarkable degree of 
malleability, which allows of a lamination to the utmost 
degree of fineness without rupture. This precious 
property has been observed in a great number of 
different materials, as for instance in wrought iron. 
In thick iron plates punched through in the engineer- 
ing workshops, similar tubes have been discovered, 
formed by the different layers welded over each other in 
the rolling process, by examining the planed sections 
under the microscope. 

The second experiment described by M. Tresea, was 
the compression of a cylindrical block formed by 
twenty plates of lead piled upon each other. The 
diameter of this cylinder was 60 millimetres, or 23 in. 
and its height 63 millimetres or 24in.. After com- 
pression the height of the block was reduced to 18 
millimetres, or 0.71 in., while the diameter had in- 
creased to 110 millimetres or 43in. in the middle, and to 
103 and 105 millimetres respectively at the ends of 
the block. The different layers were changed in a 
very different manner. The upper and lower plates 
had hardly changed their diameter, but the borders of 
the intermediate plates had been turned outwards so as 
to inclose the others and form the extremities of the 
upper and lower surfaces of the compressed block. 
On cutting the block through its centre, the deforma- 
tions of the different layers were easily seen to have 
increased towards the centre of the block where the 
flow towards the circumference was greatest, the lines 
of the layers instead of being parallel as before, pre- 





senting a figure considerably contracted towards the 
middle, and spread out at the circumference, and indi- 
cating the manner in which the displacement of the 
particles had been effected. This experiment was re- 
peated, under many varied conditions, with different 
materials, and in all instances proved the relative 
liquidity of the particles of solid bodies under great 
pressure. 

The third series of experiments had for its purpose 
to illustrate the flow of the particles of ool bodies 
when ejected through orifices. Two circular plates of 
lead, 3 millimetres or 0.12in. thick, and 4in. in 
diameter, were subjected to compression between two 
iron discs, one of which had a hole of 0.8 in. diameter 
in its centre. They were reduced to 0.08 in. in thick- 
ness in all those parts which were enclosed between the 
dises, the lines of the layers being parallel throughout 
this part, but at the outer circumference and in the 
centre the result was different. The outer circum- 
ference having flown out through the circular aperture 
between the discs formed a kind of calix of great 
beauty and regularity, while in the centre a jet of 
metal had been pressed out which was hollow in the 
centre, and instead of being cylindrical throughout, 
showed a peculiar line of contraction analogous to 
those lines which are observed in the flow of liquids 
through orifices. The fact that a hollow is formed in 
the very place where there is no resistance offered to 
the displaced material, as in the centre of the jet, is very 
remarkable, and it can only be explained by consider- 
ing the flow of the particles to follow the simultaneous 
action of two forces, the one being the outer pressure 
transmitted through the solid body in every direction, 
the other representing the cohesive force of the mate- 
rial resisting to the @isplacement-of the particles. 

M. Tresca has’ subjected the laws indicated by these 
experiments, to mathematical investigation, and has 
been successful in giving some exact formule for the 
determination of the results obtained under varied cir- 
cumstances. He has repeated the same trials with 
many different kinds of solid bodies and of liquids, 
finding the same general laws applicable to all of them. 
The discoveries made are considered by him the mere 
elements of a new theory of resistance of materials, for 
which the experiments Nesoribed would only represent 
the heads of the different chapters. All the operations 
to which solid bodies are subjected in manufactures, 
and the arts, are subject to similar observations, and 
will fall under the head of the flow of solid bodies. 
Planing, turning, cutting, hammering, and rolling, are 
different instances of the same general principles. An 
extensive series of experiments on these different pro- 
cesses, is now being carried out by M. Tresca, and is 
expected to give results of the greatest scientific in- 
terest, and of high practical utility, throwing, as they 
are expected to do, more light upon the importaat 
subject of the strength of materials, and the action of 
tools applied to them in the different processes of 
manufacture. 








THE SMOKE QUESTION. 


Sir Rosert Pre made outa strong case, the other 
evening, against smoke, and Sir George Grey concurred 
in the advisability of further legislation, although he 
pointed out the existence of strong powers for dealing 
with the smoke nuisance in the Towns Improvement 
Act of 1847. There are, in fact, just as strong clauses 
in this Act, for the prevention of smoke, as any con- 
tained in Lord Palmerston’s Act, as the Metropolis 
Smoke Abatement Act is commonly called. But the 
local authorities in the manufacturing towns are mostly 
manufacturers, and thus producers of smoke, and they 
do not appear disposed to enforce the law against 
themselves. And it is not certain that they will do so 
even if we have further laws against smoke. 

No one disputes that smoke is an evil, although it 
does not probably affect the health to the extent alleged 
by Sir Robert Peel. It is idle to say that because the 
death rate in Manchester is higher than in some other 
places, therefore people die there of sinoke. Hard 
work and over-crowding are far more likely causes. 
But smoke is disagreeable, it represents a waste of 
fuel, and it causes great injury to clothing, furniture, 
&c., within its reach. It ong to be prevented, and 
those who are well informed upon such matters know 
that its prevention is quite possible. And if it be not 
wholly prevented, it is at least easy to greatly diminish 
its amount, as compared with that given off under 
the most wala orm of combustion. We have 
smoke, of course, from every one of the hundreds of 
thousands of house chimneys in London, but the law 
is not likely to be made to bear upon the construction 
of our kitchen grates. It is the manufacturers who 
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are the great sinners; but they have found their 
account in preventing smoke as far as they can. Mr. 
Hanbury, the great brewer (whose brewery is still 
known as Truman’s, although no one of that name has 
been concerned in it for nearly a century), informed 
the House of Commons that his Jukes’s grates were 
saving his firm 2000/. a year. We know other 
breweries where the saving is even greater; and, by 
the way, we may note that, if not now dead, poor 
Jukes was not long since almost a beggar in the streets. 
But while Mr. Hanbury has these revolving grates 
under his six eoppers—for they are not used under 
steam boilers—and thereby is enabled to burn slack 
coal and dust worth, say, lls. a ton, the East London 
Water Company burn the same inferior fuel upon ordi- 
nary grates in their Cornish boilers, and that without 
smoke. The slack is wetted, and is fed very evenly 
upon the fire, and the rate of combustion is slow. We 
believe, too, that an evaporation of from 8 Ib. to 84 lb. 
of water is regularly attained in the use of this fuel. 


The absence of smoke is due to the wetting, to careful 
firing, and to the slow rate of combustion. 

Then there is the question of the admission of thin 
streams of air through the fire doors, especially where 
the draught is weak and the firing heavy. But here 
furnaces of good height and length are required in 


order to give an opportunity for the mixture and com- 
bustion of the gas and air. All this ex- 


plained, and we may say preached for nearly thirty 


has been 


years past, by Mr. C. Wye Williams, and we believe 
that s as fully understood now as it ever will be. 
Sir Robert Peel quoted a recent letter from “a well- 
“known gentleman in Manchester,” possibly Mr. 





rbairn, who said: “In regard to the practicability 
** of smoke prevention there is no longer any question ; 
“and, further, it has been proved by the most care- 
“ ful experiments that its prevention increases the 
“economic value of the fuel. Two conditions only 
“are requisite,—first, admission of atmospheric air 
* above the fuel to mix with the gases evolved in order 
‘to supply sufficient oxygen for their perfect combus- 
‘ tion, and, second, a high temperature in the furnace ; 
‘and as neither of these conditions can be obtained 
* where there is deficient draught, this deficiency may 
* be said to be the chief cause of smoke. In Glasgow 
* and Dundee measures have been taken of late years 
** to abate the smoke nuisance, and several prosecutions 
** have ensued, but although some good has undoubtedly 
“been done, the results cannot be said to have been 
* altogether successful.” 

But the most complete means of burning our fuel 
without smoke will be found in its previous conversion 
We are not here speaking so much of house 
fires, although there is much to be said in favour of gas 
stoves in dwellings; but we refer more particularly to 
cas furnaces on the large seale for manufactories. Mr. 
Siemens’s furnaces are now used, or in course of erec- 
tion, at all the large Bessemer steel works, and they 
‘e likely to be extensively adopted for many other 
purposes. They gasify and burn the worst rubbish 
answering to the designation of coal, giving a clear in- 
tense heat, without a particle of smoke. So rapidly 
are they coming into use in iron and steel works, glass 
works, enamelling factories, &c., that we may, in a few 
years, find the,old barbarous furnace grates nearly or 
quite displaced by them. Mr. Siemens, although a 
cood man of business, is more philosophically than 
worldly minded, and is not one of those who will push 
an invention by all lawful means. Had he hammered 
at the manufacturers with his improvements, there 
would now, no doubt, be many more of his furnaces 

lready in use. They are costly, however, and that 
has proved a considerab!e difficulty in the way of their 
introduction. 

Mr. E. B. Wilson, according to several accounts 
which have reached us, has also nearly prevented the 

1oke from puddling furnaces, by the application of a 
down draught through the coal itself, the air being 


into gas. 


al 


cradually heated as it goes on. A number of Mr. 
Wilson’s puddling furnaces are in use at Messrs, 
Dawes’s, Milton Ironworks, not far from Barnsley, 

| besides the prevention cf smoke, they are repre- 

dd effecting a considerable saving im fuel. 

lur Artantic TeteGraru.—The 1212 nautical miles of 
cable laid in July last are tested daily by the electricians at 
\ tia, 1 the whole length, although of no present use, and 
ending at the bottom of the sea, half way across the Atlantic, 

lr sins in perfect order. If the broken end be recovered 
ext summer, a splice will be made, and the portion already laid 
will serve as part of a perfect cuble under the whole width of the 
| 

Watrerworks.—Mr. Milner Gibson has brought forward a 
bill, which has been read for the first time, to make better pro- 
vision for the security of reservoirs, and otherwise to amend the 





jaw relating to waterworks. 


TRAIN RESISTANCES. 

Mr. D. K. Cuan, in his valuable work, “ Railway 
Machinery,” gives the following simple rule for finding 
the resistance, upon a level railway in good condition, 
of each ton of the gross weight of engine, tender, and 
train. Square the speed in miles per hour, and divide 
by 171. Add 8 to the quotient, and the sum is the 
resistance in pounds. We some time ago had an 
opportunity of making some experiments which fully 
bore out the correctness of this rule. By permission 
of Mr. Ramsbottom, we were enabled, in conjunction 
with two other engineers, to take a series of indicator 
diagrams from his prize engine, Lady of the Lake, 
on the double journey from London to Manchester and 
back. From these diagrams it was of course easy to 
work out the mean effective cylinder pressure, and from 
this to obtain the corresponding steam traction force at 
the peripheries of the driving wheels, or, rather, what 
would be the steam traction force, supposing for a mo- 
ment that the parts of the engine worked without 
friction. In other words, the steam traction force is 
taken as the total mean effective pressure upon both 
pistons, multiplied by twice the length of the stroke, 
and divided by the circumference of the wheel. A 
simple formula, giving the same result, is as follows : 

a? pl_ T 
D ‘ 

Where d=diameter of one cylinder in inches. 

p=mean cylinder pressure per square inch. 

/=length of stroke in feet. 

D=diameter of driving wheel in feet. 

'T=traction in |b. at rails. 
The explanation of this formula was given in our third 
number, page 38. 

The Lady of the Lake has 16in. cylinders, 2 ft. 
stroke, and 7 ft. 74in. driving wheels. Thus each 
pound of mean effective cylinder pressure, or of mean 
pressure exclusive of back pressure and compression, 
gives 67.15 lb. steam traction force. The weight of the 
engine, tender, and train was known, as were also the 
gradients of the line, and the speed was carefully noted 
at every quarter mile post between London and Man- 
chester. ‘The diagrams were taken by two operators, 
from each cylinder, as rapidly as possible, and thus two 
or three a minute were easily obtained. An assistant, 
also upon the buffer beam, noted the exact time at 
which each operator called out the progressive number 
of his diagram, and noted also the time of passing mile 
posts and gradient posts. No difficulty was experienced 
in taking diagrams at from fifty to fifty-five miles an 
hour, and one was taken at the highest speed of fifty- 
nine miles an hour—a speed which was maintained but 
fora few moments. In one case the person making the 
observations, holding his watch and note book in one 
hand, and his pencil in the other, made seventeen 
entries within the space of one minute, each “ note” 
being but a single letter, or one or two figures in ruled 
columns in the book. 

For estimating the train resistance, only such 
diagrams were afterwards selected as were taken while 
the engine was moving at a settled uniform speed along 
a continuous level or a continuous up or down gradient. 
Great care has to be exercised in this respect, inasmuch 
as the speed of a train, even upon a line having but 
little irregularity in its section or profile, is almost con- 
stantly changing. If at one moment the train be going 
forty miles an hour on a level, and in a few seconds after- 
wards forty-five miles an hour, or respectively 58% and 
66 ft. per second, an additional force must have been 
exerted by the steam upon the pistons, equal to lifting the 
entire weight of the engine, tender, and train through a 
height of 14.89 ft. This will be understood from an 
explanation contained in an article on another page, 
and headed “ Foree and Motion.” If this increase of 
speed take place in the space of one minute, and taking 
the case of the Lady of the Lake, the total weight being 
131 tons, we can see what is the accelerating cylinder 
pressure necessary to produce this increase of velocity, 
even supposing (what cannot be quite correct), that 
the total train resistance is not increased. The lifting 
of 131 tons 14.89 ft., represents 4,369,321 foot-pounds. 
The wheels of the Lady of the Lake make 220.3 revo- 
lutions per mile, and therefore 146.8 revolutions in a 
minute, when running at forty miles an hour, and 165.2 
revolutions per minute at forty-five miles, the mean 
revolutions during the minute being 156, corresponding 
to 624 ft. of motion of the two pistons, having a col- 
lective area of 402 square inches. Now, by dividing 

t,369,321 foot-pounds by the product of 624 X 402, 
we find the accelerating pressure to be 17.4 lb. per 
square inch. 

In all the long journey between Manchester and 


maintained a uniform speed for some minutes together 
over a continuous ascending or descending gradient of 
given inclination. From among some hundreds of 
diagrams, we have selected two, which we have reduced, 
and give herewith. The first one was taken at a regular 








speed of thirty-three miles an hour up that portion of 
the Madeley bank which is inclined 1 in 177, the 
weights being: engine, 27 tons ; tender, 17 tons; train 
of twelve carriages, 87 tons; total, 131 tons. The mean 
effective pressure upon the diagram, is 53.27 lb., giving 
a tractive force of 3577 1b. Of this force, 1657 Ih. 
were expended in overcoming gravity upon the incline, 
leaving 1920 lb. for the resistance of the engine, tender, 
and train upon a level. This is equal to 14.72 lb. per 
ton, while Mr. Clark’s formula would give 14.36 lb. 
The next diagram is one of several taken at 50 
miles an hour, with the same weight of train, upon a 
continuous down gradient of 1 in 340, between Crick 
and Weedon. The mean effective cylinder pressure was 


— 





32.2 lb. giving 2162 1b. tractive force, the engine exert- 
ing 293 horse power. The train was further assisted by 
gravitation, equal, on a descent of 1 in 340, to 6.59 lb. 
per ton, and as the actual steam traction corresponds to 
16.5 lb. per ton of the total weight of the train, we have 
23.09lb. as the total force per ton. Mr. Clark’s 
formula gives, for a speed of fifty miles an hour, 22.62 lb. 
per ton. The agreement is very close, and goes to 
show that for lines and rolling stock in good condition, 
Mr. Clark’s formula may be applied with confidence. 
It will be observed that in the present case, as in that 
upon which Mr. Clark’s fanaa is based, the weight 
of the carriages is almost exactly twice that of the 
engine and tender. 

We should add. that the diagrams were taken with 
the Richards indicator, and that they invariably had 
firm steady line at the highest speeds. Those given in 
the present article are reduced exactly from the 
originals in the state in which they were taken by the 
writer from the barrel of the indicator, and no modifi- 
cation whatever of form was admitted or needed to 
give an average of irregularity. There can be no doubt 
that the diagrams show the real working of the engine. 





A New Pomp.—At the meeting of the Society of Civil 
Engineers of France, held on the 2nd inst., a new form of pump, 
invented by M. Lacour, was described by M. Maldant. The 
pump is double acting, and consists of a chamber communicating 
with the suction pipe and divided at the middle of its height by 
a horizontal partition. On the partition are fixed two conic 
frustrums each fitted at its upper and smaller extremity with ie 
valve opening upwards. The upper end of each of these 
frustrums is connected by means of a diaphragm of leather or 
india-rubber to the larger end of a hollow metallic frustrum of 
a cone placed above it. The upper cones are also each furnished 
at the top with a valve opening upwards, and they are aera per 
with a beam, by working which they are alternately elevated an 
depressed, one cone rising as the other falls. When one 0 the 
movable cones is raised, it distends the diaphragm congectng 
it to its corresponding fixed cone, and a vacuum is thus formes 
between the two cones, which is filled by the water rising through 
the lower valve. When the movable cone is lowered it his 
over the fixed cone, which is then enveloped by the diaphragm, 
the water previously contained in the space between the — 
escaping trom the valve at the top of the ——, oN 
M. Laconr’s pump obtained a first-class gold medal at the ex- 
hibition held at Niort in 1865, and also at that held at —= 
in 1866. Tbe advantages claimed for it are its efficiency #™ th 





London, there were but few places where the train 





cheapness with which it can be constructed. 
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THE BIRKENHEAD IRONWORKS. 
Turse works were originated by Mr. John Laird, 
M.P., and carried out by Mr. James Abernethy, C.E., 
of London, and now belong to Mr. Laird’s sons, who 
carry on the business under the firm of Laird Brothers. 
Many years ago the late Mr. William Laird perceived 
he importance and necessity of applying iron as the 
principal material in the art of shipbuilding, and he 
also pereeived that Birkenhead possessed peculiar ad- 
vantages for the prosecution of the iron shipbuilding, 
which he foresaw and advocated. It is, perhaps, super- 
fluous to say that the works of Messrs. Laird have been 
creatly extended, and that they have undergone con- 
siderable modifications since they were originally com- 
menced. Not only has the whole of the space origi- 
nally embraced by the works been thickly studded with 
workshops for the various branches of the business 
which demanded ‘separate room for themselves, but the 
expansive nature of the business obliged Messrs. Laird 
a few years ago to take on lease from the Corporation 
of Liverpool, a space of about 20,000 square yards of 
land, immediately adjoining the southern boundary of 
their original premises, upon which they have made 
most extensive improvements ; among other things, a 
suitable slip and ship house, where there are at present 
two steamers in course of construction; large sheds 
for additional smithies, furnaces for heating, and 
machinery for bending armour plates, new oflices, and 
other additions hereafter to be described. 

The Birkenhead Ironworks are situate between 
Monk’s Ferry and Birkenhead Ferry, on the western 
side of the river Mersey; the frontage to the river 
being 960 ft., and the depth from the river margin to 
Church-street 570 ft.; the entire works covering an area 
of about fifteen acres. 

There are four building slips of the following 
dimensions : 





S. 375 
3. 400 ,, - 


a Gee. « 


No.1. 400 feet long. 


” 


These slips are all of ample width and depth of water 
for launching the largest vessels. No. 2 and No. 4 
slips are covered with sheds; a great advantage in 
building, both saving time and preserving the work 
from the effects of the weather. As many persons 
seem to think that building under cover has no greater 
advantage than protecting the men from storms and 
enabling them to continue at work in spite of the 
weather, it may be proper here to say that the judg- 
ment of Mr. Laird, then the sole proprietor of the 
establishment, has been more than once approved of 
by the Admiralty, and a Select Committee of the House 
of Commons, in 1860, who say in their report, “ Your 
“committee have to report, that in general the gun 
“and mortar boats were not built under cover, and 
that they were much exposed to the weather, so as 
“to aggravate any original defect in the timber. Mr. 
Laird constructed roofs on purpose to protect 
“ the materials and workmen and as yet no complaint 
‘whatever has been made against the vessels supplied 
“by him; it would, therefore, seem desirable, that, on 
“any future case of emergency of the like charac- 
ter, a preference should be given to those builders 
“ prepared to construct the vessels under cover.” 

In addition to the building slips, there are five large 
graving docks of the following dimensions : ' 






Depth of water 
os in 20 ft. tide, 
No. 1. 300 ft. long 40 ft. wide 18 ft. 3in. Gate. 





No. 2. 200f:. ,, 45ft. ,, 18ft. 3in, Gate. 

No. 3. 400 ft. 4, 75ft. ., 26 ft. Oin. Caisson. 
No. 4. 440 ft. ,, 85 ft. ,, 22ft. 3in. Caisson. 
No. 5. 350ft. 4, 85 ft. ,, 22ft. 3in. Caisson. 


All these docks are situated in the works, and are 
constructed on the most approved plan for docking 
and repairing ships and being in close proximity to the 
workshops and machinery, offer great advantages for 
the exeeution of heavy repairs over the publie docks- 
where the work is done at a distance from the work 
Shons 
7 ; i "» ? ? 


No. 3 do whi 





if h has the greatest depth of water 
on the sill, is that in which H.M.S. Agincourt, of 
S00 tons was built, and is one of the very few graving 
do i the kingdom having a depth of water sufficient 
° Hoat any of our large armour-plated fleet. This 
at is covered with a large, handsome, and well- 
ult corrugated shed or shiphouse, about 400 ft. 
- jength, by 90 ft. in width, constructed entirely 
of iron and glass and roofed with galvanised iron by 
ten spans of 20} ft. radius each. Beneath each of 
roots, and extending across the deck, is a beam, 
and under these a central longitudinal girder, all being of 





th 
vhese 


wrought iron and joined together. The whole weight 
of the roof and its attachments is supported on cast- 
iron columns resting on stone foundations inside the 
dock, close to the side walls. Strongly secured to the 
supporting columns on both sides, are projecting arms 
on which rails are laid several feet above the deck of 
the vessel, and on these two wrought-iron travellers 
each of 90 ft. span, with carriages, moved by steam 
power, traverse the dock from end to end, thus giving 
the utmost facilities for moving and placing plates, 
frames, beams, or armour blocks of any weight to any 
position in or about the vessel. 

This dock, and also No. 4 and No. 5, (the latter is, 
however, not yet fully completed), are closed by means 
of a caisson instead of gates. Alongside No. 4 dock 
there is a powerful steam crane capable of lifting 
50 tons. It can be moved transversely as well as all 
round a horizontal circle. This crane is exceedingly 
useful, as by means of it boilers and machinery of the 
heaviest kind can be put into the vessels with little 
trouble, expense, or risk. 

To give a more accurate account of the ships built 
and handed over by the Messrs. Laird, during the past 
twelve months, than we were able to do last week, the 
exact number delivered, was 17, with an aggregate 
tonnage of 20,500 tons, builders’ measurement, com- 
prising 12 steamers, and 5 sailing vessels. The engines 
of the 12 steamers were of about 4000 horse power, 
and of this, 2300 horse power was manufactured at the 
Birkenhead ironworks. The above vessels included— 
in addition to H.M.S. Agincourt—H.M. armour-cased 
turret ships, Scorpion, and Wyvern, and the armour- 
eased turret ships, Huascar, Minerva, and Bellona, 
and the other vessels mentioned by us in our last 
number. 

The work now in hand consists of eight vessels, with 
an aggregate tonnage of 9900 tons, and of these six are 
steamers to be fitted with engines of an aggregate of 
1670 horse power; the whole of which are being 
manufactured on the premises. Of these vessels the 
most worthy of note are the Euphrates, a troop ship 
for the Indian government, of 4200 tons and 700 horse 
power, and an armour-clad twin-screw turret ship, of 
upwards of 2000 tons and 400 horse power. In ad- 
dition to the new vessels on the stocks, there are 
several vessels undergoing repairs; and in the work- 
shops there are several pair of engines being constructed 
for ships building by other firms. 

It is worthy of notice that Messrs. Laird Brothers 
turned out during last year no fewer than six armour- 
clad vessels, all of a very formidable character, and 
that without in any way interfering with their ordinary 
engagements, or delaying for a single day the delivery 
of other vessels intended for the merchant service. 
The engineering department does not differ very mate- 
rially from other establishments of the same class, and 
therefore a lengthened description of the various appli- 
ances is unnecessary. There is, however, a fine wodahes, 
300 ft. in length by 50 ft. in width, running parallel to 
No. 3 dock, and near it, fitted up expressly for fitting the 
armour of the iron-clad vessels ; it is one of the largest 
in the kingdom, containing all the necessary furnaces 
and cradles for bending the plates, as well as hydraulic 
presses, and machines for planing, shearing, punching, 
drilling, and otherwise preparing the plates, frames, 
&c. ‘The machine for planing the edges of ships’ plates 
is 36 ft. in length, and hts a reversible tool which cuts 
in both directions, and is capable of planing plates of 
33 ft. in length. There is also an immense pair of 
rolls, 18 ft. long by 28 in. in diameter, or rolling armour 
plates. 

The remaining offices comprise large smith shops 
with furnaces ; machine sheds, containing the punching, 
shearing, and other implements ; erecting, fitting, engi- 
neer, millwright, pattern, and boiler shops ; rigging and 
mould lofts, carpenters’ and joiners’ shops for preparing 
all the woodwork and cabin fittings, and also a rigging 
loft for making the rigging and outfit complete. ‘ 

The engine and boiler shops are most complete in 
every particular, and are fitted with machinery of the 
largest and most approved patterns, for constructing 
the engines and boilers of the ships built in the yards. 
The machinery in the boring mills is capable of turning 
out cylinders of 120 in. in diameter, a size greater 
than that of any yet used, although the cylinders of the 
Cunard Royal Mail Steamers, Persia and Scotia, are 
100 in. in diameter, whilst those of the Lord Clyde 
are 116 in. 

Messrs. Laird Brothers give fixed employment to 
3000 men, but occasionally there are 3500 employed in 
the different departments, and during the early part of 
last year, as many as 3800 were engaged at one time 
when an unusual amount of work was in hand. 





THE FRENCH LOCOMOTIVE, L’AIGLE, 


Ovr ingenious neighbours, the French, have con- 
structed, from time to time, many locomotive engines of 
curious design, and amongst them one with probably 
the largest driving wheels ever run on the narrow 
gauge. Engines with 8 ft. 2in. wheels, are now 
regularly running in this country on the Caledonian 
Railway, and there is one engine, the Cornwall, with 
8 ft. 6 in. wheels, upon the London and North-Western 
line; but in the case of the French engine, L’Aigle, to 
which we refer, the driving wheels, of which there 
were two pair coupled, were much larger, being 9 ft. 
4in. in diameter. 

This engine was exhibited at the Paris Exposition of 
1855, where it attracted much attention, and many 
inquiries have since been made respecting its details, 
and the results of its working, and we think therefore, 
that, notwithstanding the time which has elapsed since 
it was constructed, some particulars of it will be in. 
teresting to our readers. 

The engine L’Aigle was built by Messrs. Gouin, of 
Paris, from the designs of MM. Blavier aud Larpent, 
for the Western Railway of France. It has outside 
cylinders, 164in. in diameter, with a stroke of 314 in. 
The coupled driving wheels are, as we have already 
stated, 9 ft. 4 in. in diameter, and they are placed at a 
distance apart of 9 ft. 9 in. from centre to centre. The 
leading wheels are 4 ft. 1} in. in diameter, and are 
placed 6 ft. 63 in. in front of the forward pair of driving 
wheels, making the total wheel base 16 ft. 44 in., the 
total length of the engine being 28 ft. 10 in. ‘The con- 
necting rods are 9 ft. 24in. long, and are coupled to 
the hind pair of driving wheels. The valve gear is of 
the ordinary shifting link kind, the eccentrics, however, 
being carried by an overhung crank, a common practice 
amongst Continental locomotive builders. The boiler 
is fed by long stroke pumps, with plungers 2}in. in 
diameter, worked by arms formed on the crossheads. 
The frame is 12? in. deep for the main part of its length, 
deepened, however, to form the hornplates, those for 
the driving wheels being formed above the general line 
of the frame instead of below it, and the driving wheels 
being lowered into their places, instead of the engine 
being lowered on to them in, the usual way. The driv- 
ing springs are arranged above, and the leading springs 
below the axles. 

One of the main points of novelty in the engine is 
the boiler. It consists of a firebox casing of the 
ordinary shape, 5 ft. lin. long, and 6 ft. 9 in. high, 
containing a firebox 4 ft. 6 in. long, and 5 ft. high 
inside. This firebox communicates through an open- 
ing in the lower part of what in an ordinary firebox 
would be the tubeplate, with a combustion chamber 
8 ft. long and 3 ft. 44 in. in diameter. This combus- 
tion chamber is contained in the barrel of the boiler, 
which is enlarged at the hinder end to a diameter of 
3 ft. 114 in. in order to accommodate it. From the 
combustion chamber 147 tubes 24 in. in diameter and 
12 ft. long, pass through the barrel of the boiler to the 
smokebox. The barrel, except where enlarged as 
above mentioned, is 3 ft. 52 in. in diameter, and slopes 
slightly downwards towards its front end, where the 
lowest point is only 8 in. above rail level. It of course 
passes under the driving axles, the object being to 
obtain a low centre of gravity. This main barrel is 
connected, by means of two tubes, each 14 in. in 
diameter and 15 in. long, with an upper barrel or 
steam space 3 ft. 32 in. in diameter, and 9 ft. 0§ in. 
long, situated above and between the driving axles. 
Another steam dome, 2 ft. 1} in. in diameter and 5 ft. 
high, is fixed upon the main barrel near the front end, 
and from it the steam pipes are led to the cylinders. 
The two steam domes ok the steam space at the upper 
part of the firebox casing are all connected by pipes, 
so that the steam is drawn from all parts of the boiler. 
The connecting pipes have of course to be removed 
whenever it is necessary to take out the driving wheels. 
The lower part of the smokebox is recessed to clear 
the leading axle which passes underneath it. On the 
top of the smokebox is a sort of dome 2 ft. 6 in. in 
diameter and 2 ft. 6 in. high, which forms the base of 
the chimney, this latter being 1 ft. 6Z in. in diameter. 
As far as practical working was concerned, the engine 
has proved we believe a failure, a result which is 
probably due amongst other things to the peculiar 
arrangement of the boiler. We may mention also 
that the tractive force which'would be exerted by L’ Aigle 
with a given pressure of steam in the cylinders would 
be the same as if the stroke was reduced to 22 in. and 
the diameter of the driving wheels to 6 ft. 6 in., 
the diameter of the cylinders remaining unaltered. 
The speed of piston would also be the same with any 





given speed of the engine. 
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PETROLEUM FUEL. 


A few weeks ago* we gave in this paper a descrip- 
tion of the experiments which had been made at Wool- 
wich by Mr. c. J. Richardson, on the use of petroleum 
as a fuel in steam boilers. Since that time our atten- 
tion has been again drawn to the subject by the publi- 
cation of a report made by Julius W. Adams C.E., to 
the Trustees of the Petroleum Light Company of New 
York. This report refers particularly to experiments 
made on the 11th of October last, at the Morgan Iron- 
works, New York, in the preseuce of Mr. George W. 
Quintard, Capt. Bythesea, R.N., Mr. Cyrus W. Field, 
and several other gentlemen, on the use of petroleum 
vapour mixed with steam. 

In the first part of his report, Mr. Adams refers to 
the difficulty which has hitherto existed, in burning 
petroleum under a steam boiler without a great waste 
of material and the production of dense smoke ; this 
difficulty has to a great extent been overcome by Mr. 
C. J. Richardson, by the use of the arrangements de- 
scribed in the article to which we have already referred, 
but the experiments of that gentleman have not yet 
been such as to demonstrate the success of the system 
when applied on a large scale. Mr. Adams, however, 
considers that the experiments made for the Petroleum 
Light Company prove that the difficulty above men- 
tioned has hess successfully overcome, and he states 
that, for five months previous to his report, petroleum, 
without any other fuel than the chips used for lighting 
the fires, had been burnt daily oe a marine boiler, 
and that it had proved extremely manageable, and com- 
pletely under the control of the fireman, and further, 
that it had developed a greater amount of heat than 
any fuel with which he was acquainted. 

Che boiler upon which the experiments were made, 
was one the use of which was offered by Mr. George 
W. Quintard, of the Morgan Ironworks, and a longi- 
tudinal and transverse section of it, together with a 
plan of the grate, are given in the accompanying 
figures. The total length of the boiler was 13ft. 9 in., 
and its diameter 6 ft., the original area of the firegrate 
was 35 square feet, and the water contents of the 
boiler, when filled to a height of 6 in. above the upper 
rows of tubes, were about 1500 gallons. From the fire- 



































box three flues, the centre one 16in. and the other 
two 12in. in diameter, led to a combustion chamber 
from which seventy-five 2} in. tubes returned over the 
flues to the uptake. These tubes were arranged in 
five horizontal rows as shown in Fig. 2, and the upper 
part of the uptake, which was 30in. in diameter, passed 
through the steam dome. The figures show the mode 
of setting which is recommended by Mr. Adams ; 
during the experiments, however, the boiler merely 
rested upon three walls of the same dimensions as the 
sides of the firebox. 
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The firebars were removed, and the arrangement 
shown in the figures was substituted for them. It 
consisted of a coil of }in. wrought-iron pipe 23 ft. 
long, connected at the back with a transverse tube or 
retort, 5 in. in diameter, and at the front with a pipe 
leading to the reservoir containing the petroleum oil, 
this being, in the case of the experiments, the cask in 
which the oil was brought to market. A stopcock, 
by which the flow of the oil could be regulated, was 
fitted near the furnace door. The retort at the back 
was closed at both ends, and the connexion with the 
coil was effected by a means of a short tube, 2 in. in 
diameter, placed in front of the retort. To this short 
tube the pipe forming the coil was connected, and 
from the same tube a wrought-iron pipe passed, about 
an inch above the plane of the coil, to the furnace door, 
and thence to the steam space of a small auxiliary 
boiler. ‘This pipe was also furnished with a branch 
connecting it with the steam space of the main boiler, 
suitable valves being provided for placing it in com- 
munication with either steam space at pleasure. A 
stopeock for regulating the supply of steam was also 
fitted to this pipe near the furnace door close to the 
oil cock. About 8 in. below the coil of pipe ten 1 in. 
wrought-iron tubes, 2ft. 3in. long, were placed, parallel 
to each other; one end of these was inserted in the 
retort, the ends so inserted being bent upwards, as 
shown in Fig. 3, so that they communicated with the 
upper part of the retort. Each of these tubes had nine 
cast-iron burners with openings yy in. in diameter 
tapped into the upper side of it, so that there were in 
all ninety burners. 

When the experiments were made, the water in the 
boiler was at a temperature of 60°. Some shavings 
and pieces of pine wood, weighing altogether about 
12 lb. were first placed upon the coil near the furnace 
door and lighted, the door being partially closed. 
After an interval of about fifieen minutes, the oil 
cock being opened gradually, a stream of oil was 
pean to flow through the coil, and a little 
ater the steam cock was also opened and steam 
at a pressure of 20 1b. per square inch, obtained 
from the auxiliary boiler, was conveyed through 
the pipe above the coil to the retort or mixer. 
In the retort the steam mixed with the petroleum 
vapour, and thence passed into the straight tubes under 
the coil and out of the burners, where it was fired. 
Mr. Adams states that the flame was vivid and intense, 
and that no smoke or unpleasant smell was produced. 
It was completely under the control of the fireman, 
who, by regulating the relative flow of the oil and 
steam, could extend or reduce the flame at pleasure. 
In twenty-nine minutes from the time of admitting 
oil into the coil, steam of atmospheric pressure 
was raised in the boiler, and the experiment was 
terminated in about an hour by closing the oil cock, 
and thus extinguishing the fire. The appatatus em- 
ployed-was not considered to be properly prefiortioned 
to exhibit the economical value of the ftel, further 
experiments being required to ascertain the propor- 
tions which the Bron. sem grate should bear to the 
other dimensions of the boiler. The quantity of water 
evaporated was not noted, but the quantity of water 
raised from 60° to boiling point being known, the 
heating power of the fuel can be estimated. 

The boiler contained at the time of the experiment 
200 cubic feet of water, the initial temperature being, 
as we have already mentioned, 60°. The quantity of 
oil consumed was, making a proper allowance for the 
wood used for lighting the fire, 60 lb., and this quantity 
communicated 212° — 60° = 152° of heat to 200 cubic 
feet, or 12,464 1b. of water. One pound of petroleum 
would therefore have heated one pound of water 


g 59° 

————a 31575.46°. Now the total heat of 
steam of atmospheric pressure is nearly 1179°, and in 
order to convert water at a temperature of 60° into 
steam, 1119° of heat must be imparted to it. Dividing 
31575.46° by 1119°, we get therefore 28.21 as the 
number of pounds of water, at an initial temperature 
of 60°, which would have been converted into steam 
of atmospheric pressure by the combustion of one pound 
of crude petroleum oil in the manner we have described. 
In the course of some valuable experiments, conducted 
by Isherwood, it was found that one pound of Anthra- 
cite coal burnt under a boiler of the same type as that 
used in Mr. Adams’s experiments, converted 8.5 Ib. 
of water from a temperature of 100° to steam of at- 
mospheric pressure. The heat imparted to the water 
would in this case amount to 1179°—100°=1079°, 
whereas, if the initial temperature of the water had 
been 60° it would have required 1179°—60°=1119° to 
convert it into steam. The quantity evaporated by one 
pound of coal would thus, in the latter case, be less 





than that in the former in the proportion of the two 
numbers 1079 and 1119, and it would, therefore, be 
8.5 x 1079 
equal to yng 
tive powers of the oil and coal therefore appear from 
these experiments to be in the proportion of 28.21 to 
8.18, or as 3.45 to 1; but further experiments with 
apparatus of improved proportions are still needed to 
determine accurately the relative economic value of 
the two fuels. 
Petroleum, besides enabling vessels to carry within 
a given space, fuel with a far greater amount of 
evaporative power than if coal was employed, has also 
several other advantages. It enables the size of the 
boilers and furnaces to be reduced, and steam to be 
raised with great rapidity ; the fires are completely under 
command, and when properly burned there seems to 
be no smoke, cinder, ash, or refuse of any kind. The 
boilers could also be worked by a much smaller number 
of men than if coal was used. At present the great 
obstacle is the cost of the oil, and it remains to be 
seen how far its other advantages will compensate for 
this. Mr. C. J. Richardson is, we believe, shortly 
about to commence a series of experiments at Wool- 
wich, on the use of petroleum vapour mixed with super- 
heated steam, and when these have been carried out it 
will be interesting to compare the results with those 
obtained by Mr. Adams; in the mean time we con- 
sider that the experiments of the latter gentleman 
form a valuable addition to our sources of information 
respecting the use of petroleum fuel. 


=8.18lb. The relative evapora- 








HEAVY GUNS. 
To THE Epitor or ENGINEERING. 


Srr,—In the last number of Encin£errnG, in the arti- 
cle entitled “Heavy Guns” only one 600-pounder is men- 
tioned as being made and one as being in hand. Now 
in February, 1865, an order for four 13 in. 23 toa guns 
had been received and put in hand. The list of muzzle 
loading guns given in that order were : 


Calibre. Weight. Length. Number. 
13 in. 460 cewt. . 14 ft. 2 in . 
9» |r 2 =e 
8,, 180 ,, S.S.* J1,,10,, . 50 
te = am. EA We Be 280 
.. 120 , SS 9, 85 140 


- ” 
besides 140 64-pounders. 


A year or so before this, “ Big Will,” had been 
manufactured, aud was at that time at Shoeburyness. 
Since then another 600-pounder has arrived there, and 
this, together with the old one, was fitted with new pat- 
tern iron carriages with drake slides and iron traverses. 
These are provided with suitable machinery by which 
the gun can be pointed on any object in a few moments 
with the utmost ease. 

The charge for the old gun was 70 Ib. of powder, or 
about 1—8.5th of the weight of the shot. Owing to 
some serious defects in the inner or A tube the charge 
has not been increased. 

In firing at the Hercules target, the new 600 pounder 
was used with a 600 1b. shot and 100 lb. charge. The 
inner tube is of steel (the ultimate tensile resistance of 
which is 50 tons pet square inch) and bore this test 
well. The shot failed to penetrate, but it was of a 
pattern condemned by the Ordnance Select Committee 
three years ago, and it was the confident opinion of 
several artillery officers present, that if the shot had 
been properly shaped penetration would have been 
effected. These shots were of steel. Some of Palliser’s 
chilled shot were also tried; but, owing to the head 
being too much tapered in form, not enough bearing 
was left for the studs. The shot wabbled, and hence 
never hit the target fair. The large calibre of 13.3 in. 
is necessary on account of the short length of the 
barrel, and hence it is difficult to obtain, with pointed 
heads, sufficient bearing against the sides of the gun, 
the length of a steel shot being barely greater than its 
diameter.— Yours respectfully, Hs 


[We gave the number of guns on hand from the 
Marquis of Hartington’s speech. We understand, 
however, the Woolwich gun factories have only nearly 
completed a single 13.3 in. gun, the only one ordered 
of them. Sir William G. Armstrong and Co. have, 
however, completed the siz guns of the same calibre 
ordered of them. The 7-in. guns are of 149 ewt., and 
we helieve only 50 were ordered for land service, 
while 180 were ordered for sea service. ‘Ihe failure ol 
the pattern shot to penetrate armour was probably due 
to the studs, nearly a hundred, upon its outer surface. 


—Ed. E.] 





* SS. stands for sea service, and L.S. for land service. 
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ON ARCHED ROOFS+#* 
BY MR. CARL R. VON WESSELY. 
Sydenham Crystal Palace Roof. 

THERE are two roofs of similar construction but different span. 
The principals are, in both roofs, arranged in pairs, being 24 ft. 
apart in each pair, but the pairs leaving a clear space of 72 ft. 
between them. ‘The 120 ft. span roof is to be described first, 
the alterations of dimensions in the 72 ft. one to be given after- 
wards, the details being alike in regard to genezal arrangement. 

The principal of this roof is very peculiar in its construction. 
It is an arch of such a depth, that it carries partly as a girder, 
throwing upon its supporting structure a comparatively small 
horizontal t rust. ‘The outer and inner outline of the arch is a 
perfect semicircle, struck from the same centre, the rib has there- 
fore throughout an equal depth of 8 ft. The inner radius 
being 52 ft., the outer one 60 ft. The rib consists of a bottom 
and top flange each consisting again of two L irons 6 in. x 3} in. 
and a iin. plate 10 in. wide having an available sectional area 
of 92 square inches. These flanges are throughout the length 
‘ sae ee read at the Society of Engineers, March 5th. Concluded 
y ote last number. The upper figures show the roof of the 
the ae, Crystal Palace. The lower figures show the roofs of 
legen m Crystal Palace, the smaller being shown within the 
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of rib of equal cross section, and are connected together by a 
double lattice work made of flat diagonal bars. Each side of 
the rib is divided into eleven equal parts, between its springing 
and its centre. Each of these parts contains two diagonals one 
above the other, and struts radiating to the centre; one of the 
struts being a cast-iron distance strut carrying purlins and 
connecting them to main rib; the other is a wrought-iron strut 
made of two channel irons 4 in, x 14 in. x 4 in., having 
two distance pieces rivetted between them. The joints in 
Gin. x 3in. L irons are made alternately at intervals of about 
14 ft., proper distance pieces filling out the 3§ in. space between 
L irons, its Zin. rivets act only with single shearing area. At 
intervals of about 1 ft. 9in., distance pieces are put between L 
iron, and fixed also by 3 in. rivets the same as in WI struts. 
The diagonal bars are throughout 4 in. wide, Zin. thick with an 
available sectional area of 1.2 square inches running always 
through two diagonals, and are not straight. But they are, for 
the sake of architectural appearance, so arranged that they cross 
exactly in the middle of rib, and in one fourth of its depth from 
its outer and inner outline. They are connected at intersections 
by a fin.rivet. A round ornamental knob, made in two halves, 
being connected together by three Jin. tap screws, covers this 
joint. The ends of diagonals and W I struts are connected 
with the L irons by a 14 in. bolt. 
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The cast-iron distance struts are shaped according to the W I 
structure, which they have to strengthen, and according to the 
cast-iron end pieces of purlins which are bolted to them by six or 
four Zin. bolts, as they belong to the 6 ft, or 3 ft. deep purlins. 

The strut has accordingly a cross section of 7 square inches 
sectional area, its } in. web is widened out to a pocket for letting 
the diagonals through, intersecting at this point. The web at 
top and bottom of strut is brought out to two lugs, which fit 
with a washer between the two angle irons, and are each bolted 
to same by one If in. bolt. Proper bosses are cast on to the web 
for eight 4 in. bolts connecting purlins to same. Underneath 
these struts, ornamental pendants of ¥, in. metal, are screwed on 
to soffit of rib by four in. bolts. There are two kinds of purlins, 
one kind being 24 {t. long, 6 ft. deep, and the other, 72 ft. long, 
and 3ft. deep. ‘The first serve for bracing each two ribs of one 
pair together, the others act as pure purlins between each pair 
of ribs, that is, they have the only distinction to support the 
intermediate rs. 

The 6 ft. deep purlins consist of a top and bottom flange of 
two L irons, Sin. X 2in. X }in., of 2 square inches available 
sectional area, they are connected by wrought-iron struts and 
double lattice work. Besides carrying intermediate they 
serve as bracing of main ribs for piving them lateral stiffness. 
The struts are 8 ft. apart, and consist of two T irons, 






























172 


ENGINEERING. 


[Marcu 16, 1866. 





om. X 2in < 4in., with 1) in. available sectional area, having 
between them in all cases two diagonals, one above the other, 
similar to the lattice work in main rib. The diagonals are flat 
bars, 3 in. wide, ,‘; in. thick, they are straight, and run always 
through two divisions of 8ft. At their ends proper cast-iron 
distance struts are fastened to L irons by one 1} in. bolt, the 
web is again widened out properly to a pocket for receiving ends 
of two diagonal bars, which are each rivetted to casting by one 
jin. rivet. The 3ft. deep purlins serve only for carrying the 
intermediate ribs; they consist of a top flange of two | irons, 
4in. x 2in. x gin. 2.44 available sectional area in centre, 
and a bottom flange of two flat bars being at end, 4}in. x Jin 
in centre, 44 x gin., with 4.68 square inches available sectional 
area. These flanges are connected by vertical struts 8 ft. apart, 
and diagonal tie bars decreasing in the three diagonals next to 
end, from } in, thickness to 4 in..to in. to$in. They are re- 
spectively fixed to top and bottom flanges by a 14 in., 1} 1n., 1 in., 
and Zin. bolt. All bars 4 in. wide (the struts are of cast iron of 
a X cross section, 2in. x Zin. x gin.), diagonals of wood are 
put across the diagonal tie bars, 4in. wide, 2 in. thick, fastened 
by , im. bolts. 

soth purlins carry above each strut an intermediate rafter, 
having the same outline as the main rib. It is made of a in. 
web plate 1 ft. high, in length of about 8 ft. 5in., with a top and 
bottom flange of two | irons 2in, x 2in. x }in. in length, of 
about 16 ft. 10 in, with 14 square inch available sectional area. A 
special arrangement is made for bracing purlins sideways to these 
intermediate ribs. The purlins at each bottom end of their vertical 
struts are suspended, as it were, by two hanging rods, to points 
of the intermediate ribs, being just in the middle of two bearings 
or purlins. For that purpose, a cast-iron shoe is fixed to the 
bottom | irons of rafter at those points, by four } in. bolts of a 
proper shape, to fix on it the ends of the hanging rods, § in. 
in diameter, by keys. The other ends are widened out to an 
eye, fixed to the bottom flanges of the 6 ft. or 3 ft. purlins, 
by the bolts fixing end of vertical strut to the same. The 
details of this connexion are for both purlins the same, except 
the altered angle of the hanging rods. Next to each of the 
cast-iron end struts of purlins a Lind of pocket is rivetted on 
by eight Jin. rivets, consisting of two § in. plates, with two 1} in. 
thick distance pieces between them, for receiving the ends of wind 
ties, flattened out to eyes, and fixed by one 1} in. bolt each. 
The wind ties are, throughout, round rods of 1} in diameter, and 
form the diagonal bracing between main ribs. At the point where 
they cross each other they are connected by a ring, to which 
eaeh end of the four is screwed in the usual way. ‘The ring is, 
in this case, of cast-iron, and has a sectional area of 9§ square 
inches, strengthened by proper bosses round bolt holes and, 
besides, by two wrought-iron rings of 1in. sectional area, put 
on while red hot. ‘This connexion serves for bringing strain on 
to these diagonal bracing rods. 

The covering of this roof is entirely of glass, on the “ ridge 
and furrow” principle. ‘The main and intermediate ribs carry 
wrought-iron gutters, 9 in. wide at the top, 7 in. at bottom, 4 in. 
deep. They are rivetted to top L irons of ribs with } in. bolts, 
about 9 in. apart alternately, and to intermediate main ribs with 
Sin bolts in thesame way. Tothe edge of this gutter an L iron, 
1} in. x 1} in. x yin. is rivetted on, and to this a piece of wood 
li in. x 2} in. is fixed by jin. screws, about 6 in. apart. Into 
this piece of wood the ends of the sash bars are let in about 1 ft. 
apart; the top being fixed to the ridge. This miniature roof 
runs right along the whole rib, from the main gutter up to lower 
standards of ventilator, and is hipped at its ends. The main 
ribs, as well as intermediate ones, carry at their crown, over the 
cast-iron distance strut next to centre, a louvre standard of cast 
iron, 5 ft. 104 in. high of { cross section. The sides are filled in 
with wood, to which the louvre plates are fixed. 

The ventilator is covered, as the other parts of roof, by a 
nuinber of similar sinall hipped roofs, formed by mere slanting 
sash bars, having in this case only wooden gutters, each sup- 
ported by the standard in centre of each rib. The outer stan- 
dards of ventilator are kept up by a diagonal bracing running 
from each to the other, consisting of } in. round rods, passing 
through a slotted hole, spaced out in the middle one. At the 
base of outer standards a wrought-iron gutter runs along, sup- 
ported by wood boarding, for conducting the water which drops 
down from ventilator covering to gutters on top ribs. The main 
rib weighs 10 tons. The purlins, which are 6 ft. deep, weigh 
each 12 ewt.; those 3 ft. deep weigh each 1 ton 4 cwt. Total of 
ironwork in one bay of 86 ft., weighs 61 tons 3 cwt. Each of the 
main ribs is supported by two columns, 8 ft. apart, so that each 
of the flanges starts over one of the columns. ‘This is effected 
by means of a cast-iron square frame, 8ft. 8in. wide, and 8 ft. high, 
bolted to top of each column by four 1 in, bolts, and also by four 
1 in. bolts to top of girder, connecting top of columns. It consists 
of two pieces the same section as the columns, connected by a j in, 
web with a large circular hole taken out in the middle, and smaller 
ones in the corners. Proper flanges are cast on to the top corners 
of it, to which each of the flanges is bolted on by six 1} in. bolts, 
by means of a strong bracket. The cross sections of this frame, 
through the weakest part of the columns, has 25] in, sectional 
area—columns being of 8 in, outer diameter, octagon 1 in, thick, 
the web and its flanges fin. thick. The parts of frame acting 
as bracing to the angles has 9 in, sectional area. Appropriate 
pockets for receiving ends of diagonals are constructed in the 
upper end of web, the outline of which is shaped like that of cast 
iron distance struts. The two diagonals in the middle are fixed 
to it by one L}in bolt, and the diagonals at springing of flanges 
by one Lin. bolt each. On top of outer column of frame, lugs 
are provided for fixing brackets of 6} in. inner width under water 
outlets of main gutter by four 2 in. bolts, with 1 ft. 2 in. X 9 in. 
waterway. The main gutter running along the whole roof is, on 
the average, 1 ft. 9in. wide and lin. high. It is cast in 
lengths of 7 ft. 11} in., y, in. thick, the joints being made by 
eleven jin. bolts. The intermediate ribs are supported by cast- 
ron standards 8 ft. high, which rest on one deep cast-iron girder 
8 ft. deep and 28 ft. 3} in. long, which serve in the whole build- 
ing as bracing and floor carrying girders between columns 24 ft. 
apart. Such girders brace the columns also right under the 
flanges of main rib lengthways. ‘Tbe before-mentioned standards 
have the section of half a column of 9 in, diameter, are of § in. 
metal, and widened out at the top to a bracket on to which the 
base of intermediate rib is bolted by six }in. bolts. The lowest 
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of the purlins connected to top of frame supporting main rib is 
also connected by four }in. volts to this bracket, and proper 
lugs are cast on to the top of standard for fixing a bracket, by four 
} in. bolts supporting main gutter at each 8 ft. The horizontal 
thrust of the main ribs is transmitted by the cast-iron frame to 
the system of columns connected by cast-iron girders as described 
before, and well braced by diagonals fixed to ends of girders by 
means of keys. 

At the intersection of vertical diagonals, a similar adjusting 
connexion with a ring and screws, as for wind ties, is applied, 
the whole being covered by an ornamental joint cover. The 
entire supporting structure up to the frame being very rigid, 
and besides loaded heavily by having on the girders below 
floor level, on one side a fire proof flooring of brick arches, and 
on the other side cast-iron girders fastened to brick foundations, 
takes easily the thrust arising more from wind pressure than 
from the weight of the roof, which is certainly taken partly by 
the rib itself, it being of so great a depth. The rain water is 
carried off in the usual style by the hollow columns, 

The smaller roof is very similar to the larger one, as already 
stated ; the dimensions of the details being altered only. The 
principals are arranged in pairs, being 24 ft. apart, each pair 
having a clear space of 72 ft. between. The rib of principal has 
an equal depth throughout of 8 ft., the outer and inner outline 
of it being struck from the same centre respectively, with a 
radius of 36 ft. and 28 ft., itscurve is a true semicircle. The 
top and bottom flanges are connected by flat bar diagonals, 
wrought and cast-iron struts. The flanges consist of two L, irons, 
4in.x4 in. x }in., having an available sectional area of 6.36 in. 
The diagonals are throughout flat bars, 4in. wide by ,%;in., 
having an available sectional area of lin. The vertical wrought- 
iron struts are channel irons, 4in. x i 4in. x din., with available 
sectional area of 1.37in. The ends of these struts and diagonals 
are connected by one 1 in. bolts to the flanges, L irons 
jointed in lengths of about 25 ft. alternately. The arrange- 
ment of lattice work is the same as in large roof. Pendants 
beirg fixed underneath them to soffit of rib in the same way. 
There are also two kinds of purlins, 6 ft. deep, nearly 24 ft. 
long, and 3 ft. deep ones nearly 72 ft. long. The construction 
and dimensions of them are like those in large roof. The inter- 
mediate ribs are of the same construction and dimensions as on 
large roof. So is the arrangement of gutters fixed on top of it, 
and the covering the same. The arrangement of bracing and 
wind ties, is also similar to that of the large roof. The ventilator is 
alsothe same. The main rib weigns 4} tons. One purlin, 6 ft. 
deep, weighs 12cwt. One purlin, 3 ft. deep, weighs 1 ton 4 cwt. 

Ironwork of roof only in one bay of 96 ft., that is from centre 
of one pair of main ribs to the centre of another pair of them, 
weighs 35 tons. 

The main rib is supported by structure similar to that of the 
large roof, that is by a frame formed by two shorter pieces of 
columns connected by a web. To the outer one is the main 
gutter fixed of same dimensions as on large roof. The inter- 
mediate ribs are also like those of large roof supported, al] the 
details of connexions being the same. 

The 72 ft. trussed purlins used in these roofs are the same 
trusses that were used for carrying the roof over the nave of the 
Great Exhibition of 1851, also a large portion of the columns 
and girders employed in the Sydenham Crystal Palace are the 
same as were used in the Great Exhibition building of 1851. 

Austerdam Crystal Palace Roo: 

The area covered by this roof is 130 ft. $j in. long, and 
64 ft. Lyin. wide, on each side of an oval dome—the entire length 
of the nave being 329 ft. Lin. The roof is supported on each 
side of this dome by seven pairs of ribs, 2 ft. 1,3; in. apart, leaving 
a clear space between them of 19 ft. 84 in. The ribs of principals 
are true arches. The intrados and extrados are concentric curves, 
being struck from the same centre with a radius of 31 ft. 6 in. 
and 33 ft. 1} in. They were so constructed that in being fixed 
they were made to spring 23 in. outwards, making the distance 
from centre of building to face of column 31 ft. 7,,;in. They each 
consist of a top and bottom flange of one T iron, 4} in. x 13in. 
xX vin. x fin., and a plate 4} in. wide 4%; in. thick, rivetted to 
it by v%@ rivets of about 4in. pitch. These two Manges are con- 
nected by two web plates, No. 9 B.W.G., 1 ft. 6 in. wide, one on 
each side of the T irons rivetted to them also with 7j in. rivets. 
The entire available sectional area of this rib is 10.56 square 
inches. The web plates are joined alternately in lengths of 
about 23 ft. 4 in. by one 3} joint plate placed between the two 
web plates. It is 4in. wide, and for the sake of architectural 
appearance rivetted to them with yj in. flush rivets, 

lhe rib is divided on its outer side between a point 10 ft. 2 in. 
above the springing line, and its centre, into seven equal parts. 
The purlins are carried by it in these intervals. ‘They consist of 
simple irons 6 in. x 3 in. x gin. with an available sectional 
area of 1.08 square inches in the top and bottom flanges. ‘They 
are joined in lengths of 21 ft. 9; in. between each pair of main 
ribs by two joint plates 20} in. long, 5} in. wide, 3 in. thick, 
and twelve } in. rivets. ‘These purlins carry the W I skylight 
bars, one length of the former divided into twenty spaces gives the 
distance of each skylight bar about 13 in. pitch. The skylight bars 
are fixed to purlins by L iron brackets 1) in. x 1} in. x Pin. 
—8in. long. The purlins are fixed to main and intermediate ribs 
by two L iron soudishe 3 in. x3 in. x 2 in, 4 in. long, with four 4 in. 
bolts, with two 2in. washers, and two fin. rivets. Between 
each pair of main ribs are two intermediate ones. They have 
the same extrados as main ribs, but are only 10 in. deep. ‘They 
consist of a top and bottom flange of one T iron 34 in.x1}in. 

1's X 2 in., connected by two web plates, like those in main ribs, 
No. 9, B.W.G., rivetted to them with J; in. rivets of about 4 in. 
pitch, The web nee are connected in Jength of about 23 ft. 
5 in. by one joint plate placed between them, ? in. thick, 4 in. wide, 
and six ,’, in. countersunk rivets. The entire available sectional 
area of this rib is 7.11 square inches. Each of the ribs is sup- 
ported by one column, so that the upper half of it is wideugd out 
to a sort of bracket, at a height of 11 ft. 7} in. above its Sprilg- 
ing line. This bracket is strengthened by in, plates placed 
between the two web plates, and two | irons 4 in. x 4 in. x 3 in. 
rivetted to each side of webs, and to a base plate gin. thick, 
which is bolted to top of column with five 1 in. bolts. 

The intermediate ribs are supported at their ends by a timber 
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upper one, and both are rivetted to Zin. base plate with eight 
; in. rivets, which plate is screwed to timber with three 4 in, 
coach screws. Each of the main and intermediate ribs carry in 
centre a triangular frame of cast iron, with ornamental fil! ig in, 
bolted to them by 3 in. bolts, 2 ft. piteh. It is in centre 1 ft. 7 in. 
high, and extends on each side about 5 ft. over ribs, and supports, 
in the middle, the cast-iron ventilator. The ventilator is formed 
by two ridge — of a proper cross section, covered by a small 
ridge roof. It consists of a simple plate of a very flat angle, 
with proper water-tight joints, and a pocket for fixing ridge orna- 
ment along the roof. 

The weights of this structure are as follows: Main rib, 
1 ton 104 cwt., intermediate rib, 13 cwt., purlins for one bay, 
1 ton 17 ewt., ee bars for one bay, 1 ton 18 cwt. 2 qrs. 11 )b. 
Total weight of wrought and cast iron in one bay of roof, 
9 tons 15 ewt. The appearance of all the columns from inside 
the building is similar. The first tier columns support the 
gallery girders, and form an ornamental framework with brackets 
at joint with column. The columns rest on a stone founda- 
tion. 

Although this structure forms a sort of stiff frame for resist- 
ing the horizontal thrust of principal, still a strong wood 
structure is made of the roof of the gallery acting along the 
whole nave as a horizontal girder of great resistance against side 
pressure. 


Proposed Roof of the St. Pancras Station Midland 
Railway. 








Although the particulars of this roof have been already pub- 
lished in ENGINEERING, * it was still thought advisable to repeat 
them here again for the sake of comparison. ‘The area covered 
by this roof is 690 ft. by 240 ft. The main ribs are 29 ft. 4 in. 
centre to centre, and have three intermediate ribs between them 
at equal distances apart, carried at every 18 ft. 6 in. by trussed 
purlins between the main ribs. The form of the ribs is entirely 
novel. They spring directly from the ground, and are firmly con- 
nected to massive brick piers below floor level. The curve of the 
ribs is of two radii of 160 ft. and 57 ft., meeting at an angle in 
the centre 100 ft. above the level of rails. The ribs are 6 ft. 
deep, and formed with open box flanges 104 in. deep; the flanges 
being braced together by diagonal channel irons and radial struts 
forming the ends of the purlins. The feet or springing of the 
ribs, to a height of about 25 ft. from platform level, are constructed 
of plates and angle irons rivetted together. The intermediate ribs 
are 10}in. deep, and will be made most probably of angle irons 
braced with diagonal bars. The purlins are braced beams 
18 ft. Gin. apart. They are so constructed that they stiffen the 
main ribs laterally. The bracing is so arranged as to carry the 
proper proportion of each of the three intermediate ribs, besides 
assisting to keep the bottom flanges of the main ribs in place. 
The whole of the roof is braced horizontally to resist any strains 
that may be caused by the pressure of the wind either on the 
gable or on the side. 

Ventilation will be amply provided for by open spaces in the 
skylights, along the whole length of the ridges, and also along 
the eaves where the glass overhangs the gutters. ‘The lower 
sides of the roof are to be covered with glass ridge and furrow 
skylight, at right angles to the ridge, 152 ft. wide, extend- 
ing nearly the entire length of the roof, there will be a 
gangway at the foot of each skylight along the whole 
length of roof, and each gutter of skylight will have a 
snow grating along its whole length, with cross stripes 
to enable the workmen to repair and paint any portion of 
the skylight. The horizontal thrust is partly taken by the 
heavy brick piers, which act as abutments, and partly by a 
wrought-iron tie running beiow level of rails across the plat- 
form, forming one of the wrought-iron girders supporting the 
latter one. 

Referring to the varions roofs described, we find that in the 
Dublin Crystal Palace roof, with a clear span of 49ft., one 
square of area covered with glass reyuires 94 cwt. of wrouglit 
and castiron. The smaller roof of the Crystal Palace, with a clear 
span of 56 ft., a square of covered area with glass requires 13 ewt. 
of wrought and cast iron. The Derby Market Hall roof, of 81 ft. 5in. 
clear span, one square covered over partly with slates and partly 
with glass, requires }5ewt. of wrought and cast iron. In the 
large roof of the Crystal Palace, which has a span of 104 ft., a 
square covered with glass requires 12} cwt. of wrought and cast 
iron. In the Amsterdam Crystal Palace Roof, which has a clear 
span of 63 ft. 2in., an area of one square covered with glass 
requires 15 ewt. of wrought and cast iron; and, lastly, in the 
Midland Roof, of 240 ft. span, one square of area, covered partly 
with glass and partly with slate, requires 17 ewt. of wrought 
and cast iron. 

In each of the buildings covered by these roofs, we find a new 
principle employed in the construction of ribs and in the arrange 
ments for taldag the horizontal thrust. 

In erecting true arched ribs, it will be often the case that the 
feet of them must be made to spring out a little to fit the 
supporting structure; but it must be considered then, on 
the other hand, that in all cases the flanges are constructed 
stronger than minute calculation would require, and so the 
pressure may be increased a little in the top flange at or near 
centre, getting lessened at the same time in the bottom one, an 
that without any bad effect upon the structure itself. The 
Amsterdam ribs were, in fact, manufactured so as to spring out 
in erection 2} in., as already mentioned in the description. 

The most rigid of the various roofs treated of, no doubs will be 
the Midland Roof, as the stability or rigidity of an arched rooi 
increases with its size, the same, for instance in bridges. 
The great weight, therefore, of the Midland Roof is a guarantee tor 
its stability. This is shown to a certain extent by constructing 
the curves of equilibrium for the equal load and the unequal 
moving load, the vertex in the latter case not moving as much as 
it would in the case of a smaller, and consequently lighter, root. 
No apparent provision has been made in any of these roofs for 
expansion of the structure by temperature, as is commonly done 
in large roofs where trussed principals are employed. As the 
abutments are not allowed to give way, the ribs will simply rise 
and fall at the crown like the iron arch of a bridge. 
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* A section of this roof is given on page 12 of the present 





beam. The inner T irons are bent round, and the flange of the 
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FAULTS IN TELEGRAPH CABLES. 

Tue latter part of Mr. Fleeming Jenkin’s fifth 
Cantor lecture (of which we gave extracts in our last 
number) was devoted to the description of the modes of 
determining the position of faults in cables. The faults 
themselves he divided into five classes as follows :— 
“], A fracture or interruption in the copper conductor 
“ which, nevertheless, remains insulated inside the gutta- 
“percha covering, 2. A fracture of the copper con- 
“ductor and gutta percha, in which a considerable 
« Jength of copper wire remains exposed to the water. 
«3 A fault intermediate between the first two, with 
“copper and gutta percha both broken, but little 
“eopper exposed. 4, A connexion between the iron 
“ eovering and the copper by a nail or wire driven in. 
«5, Ahole or imperfection in the gutta-percha sheath, 
“ establishing a connexion of considerable resistance 
“ between the conductor and the sea.” The position 
of a fault of the first kind, the occurrence of which, 
of course, destroys electrical communication between 
the two ends of the cable, can be determined in two 
ways, as follows : 

The charge which the cable will contain, may be measured, 
and if the charge per knot is known, the charge observed will 
directly give the distance of the break, and the accuracy with 
which the position of the fault can be determined is limited 
only by the accuracy with which the relative charges can be 
compared; the cable is an insulated Leyden jar, the capacity 
of which is simply proportional to the length of the conductor 
from the shore to the fault. So that if the discharge from a 
knot of the cable, with a given battery and reflecting gal- 
vanometer, is represented by a deflection of ten divisions, and 
the discharge from a cable containing a broken copper con- 
ductor is 100 divisions, we may feel certain that the fault is 
about ten miles from shore. By the more accurate modes of 
comparing discharges, the distance of a fault of this kind, 
even on a long cable might be accurately found. The method 
by the throw or deflection of a needle is not applicable to a 
very long cable, because of the time occupied by chs discharge ; 
the theory of the formula given above, supposes that the needle 
moves under a sudden impulse, very short compared with the 
time of oscillation of the needle. A second plan of determin- 
ing the position of this kind of fault is to measure the resistance 
of the insulating sheath. Thus, if we know by the discharge- 
test that the cable is insulated where broken, and find the insu- 
lation resistance to be 1000 units, whereas the insulation resist- 
ance of one knot is 1,000,000 units, we may conclude that the 
fault is 1000 miles on, as it will require 1000 miles of sound core 
to give so small a resistance as 1000 units. Faults of this 
eae are very rare where strands of copper properly jointed are 
used. 


A fault of the second kind almost always occurs 
when the cable is violently broken—the copper and 
gutta percha being both stretched, and the latter 
springing back when the copper breaks, leaves it ex- 
posed. When the fracture of the copper takes place 
within and a little way from the point where the gutta 
percha yields, the third kind of fault occurs. If some 
inches of copper are thus exposed, a connexion of 
small resistance is formed with the sea, and the posi- 
tion of the fault can be determined by the resistance 
of the copper conductor measured from the shore ; if 
this resistance amounts to a hundred times the known 
resistance of the conductor per knot, the fault being 
100 knots off, and so on. The resistance of the earth is 
nil; a small correction ought to be made for con- 
duction through the insulator when sound, but this 
may be neglected in good cables. The test just men- 
tioned is the one which informs the operators at 
Valencia that they have still the full length of cable 
between them and the place where it was first broken. 
Of the remaining classes of faults Mr. Jenkin said : 

This brings us to the third class of fault, where the connexion 
between the sea and copper exists, but is imperfect; or due to 
only a small area of exposed copper. The fault itself, then, 
possesses considerable resistance, sometimes more than that of 
all the copper conductor of the cable, and, what is worse, this 
resistance 1s inconstant, varying rapidly and capriciously between 
extremely wide limits. The test for resistance in that case 
simply tells us that the fault cannot be beyond the distance cor- 
responding to the smallest resistance observed. The fourth kind 
of fault corresponds almost exactly in behaviour to the second, 
but the connexion with the sea is still more perfect ; the resist- 
ance will vary still less, and there will be a total absence of the 
feeble currents which result from the copper and iron of a cable 
when broken and separated by salt water. Earth currents, due 
a nee of potential between the shore and sea, at the 
kind off = a in both cases, be observed. ‘The fifth 
ay Ault is easily detected; there is a considerable fall in 
He insulation resistance, and a slight or moderate fall in the 
Pay resiatanee of the copper conductor between the two 
por wape ut Messages can still be transmitted, as a portion 
ms Aye _ — current, inversely oper to the resist- 
the cable ue a escapes into the sea. f one station insulates 
er 2 4 t x o~ measures the resistance, the fault be- 
ot sche t ¢ a third class, and this test will not de- 
Thiven inn - » however, the resistance of the fault re- 
rr ty meager, and two measuresments of resistance, R and 1, be 
add oo — A, when station B respectively insulates the 
pont ony cable and connects it with the earth, we obtain two 
enknowe concerning the resistances, in which there is only one 
. quantity—viz., the resistance of the fault, When this 


(i) D=r—¥v (R—r) (L—r) 

where D=the resistance of the conductor between the fault and 
the observer, and L=the resistance of the whole conductor 
between the stations. On very long cables a correction for the 
effect of the uniform leakage through the insulator would be 
necessary, but this correction fades into insignificance in com- 
parison with the error introduced by the supposition that the 
resistance of the fault will remain constant during the two tests. 
Successive tests from the two stations, the distant end being 
insulated in each case, will also give two equations, by which, on 
the same supposition, that the resistance of the fault remains 
constant, its position can be determined. Then calling R and 
R, the resistance in the two cases, we have— 


L+(R—R,) 
(2) D= +r ; 


when D is the resistance of the conductor between the station 
which observed the resistance R and the fault. This test 
labours under the same defect as the previous one. When 
a return insulated wire can be substituted for the earth, so that 
the observer has both ends of a complete metallic circuit before 
him, the position of a fault, such as is described, even of vary- 
ing resistance, can be accurately determined by more than one 
method. Mr. Varley uses a differential galvanometer, a well- 
known instrument, to ascertain when an equal current runs into 
both ends of the metallic circuit, and out at the fault, This will 
only be the case when the resistance between the galvanometer and 
the fault is the same by both roads ; this condition is easily fulfilled 
by adding resistance coils between one coil of the galvanometer 
and the defective wire. The resistance which must thus be 
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added to bring the galvonometer to zero is obviously equal to 
twice the resistance of the metallic conductor between the fault 
and the distant station. Prof. Wheatstone’s balance may be so 
arranged as to give another method, by making the connexions 
as in Fig. 1, where the fault, supposed to be at 0, forms, as it 
were, part of the galvanometer wire. In this case, as in the 
preceding, a variation in the resistance of the fault does not 
affect the result; it will cause a greater or less deflection in 
the galvanometer until the desired balance is effected ; but it will 
not alter the relative resistances of the several parts of the main 
circuit required to reduce the deflection to zero. The test in Fig. 1 
is made by adjusting the relative resistances of A and B; until 
no deflection is obtained; then the fault will be at a point 


A 
such that BD Where C and D represent the resistance of 


the conductor separating m from the fault and n from the fault. 
When the total resistance of the conductor is known, this will 
give the position of the fault very accurately. Mr. John Murray, 
of Glasgow, is said by Professor Thomson to have first applied 
this test on board the Niagara during the first Atlantic expe- 
dition. It was re-invented by the lecturer, and may be sigall te 
detect very small faults even on short lengths. It is now only 
necessary to describe one more plan of determining the position 
of a fault of this nature by a simultaneous test at both stations, 
or on board shipand on shore, This plan is Professor Thomson’s, 
but it was also re-invented by the lecturer after seeing Mr. 
Smith’s test, described in lecture IV. This re-invention is not 
very remarkable, as the lecturer owes the chief part of his 
theoretical instraction in electrical science to Professor ‘Thomson, 
and is familiar with his instruments and methods, but as this is, 
he believes, the first publication of the plan, he thinks it well to 
state these circumstances. ‘The connexions required are shown 
in Fig. 2, where G is a galvanometer; S, an electrometer at the 











that a test does exist by which even a fault of this description, 
which has hitherto baffled electricians, can have its position fixed 
with mathematical certainty, This isthe more important as the 
connexions shown in Fig. 2 are precisely those which are, in the 
lecturer’s opinion, the best adapted for tests during the submer- 
sion of a cable. The marine galvanometer G would give one test 
of insulation, the electrometer S a second one, the electrometer 
S, a third test on shore. The shore would speak to the ship 
without causing a suspension of the insulation test either on S 
or G, and even when the ship speaks to the shore the electro- 
meter § will maintain the insulation test, as it is not affected 
like the galvanometer by the rush of the current in and out of 
the cable as it is partly discharged or additionally charged by the 
withdrawal or addition of part of the battery power. The elec- 
trometers have, on the same grounds, a superiority over the gal- 
vanometers in their behaviour, under the influence of earth 
currents or the rolling of the ship. But in favour of Mr. Wil- 
loughby Smith’s plan, it must be conceded that more operators 
can at present be found who are familiar with galvanometers 
than with electrometers; so that clerical errors would not be so 
likely to occur with his plan as with that just described.” 

The following appendix, explaining Wheatstone’s 
balance, was added to Mr. Jenkin’s lecture. The 
connexion of the arrangement is shown by Fig. 3, in 
which the letters are similarly arranged, and have the 
same meaning, as in Fig. 3, page 130, of our last 
number but one; but a dotted le has been added 
surrounding the four conductors A B C and D, and 
these have been connected with the earth at x. 


“ Let us suppose the galvanometer wires to be removed from 
l and n; the ball K of the battory will produce a maximum 
tension at m, and this tension will gradually decrease round both 
conductors A B and C D, to nothing at n, as would be shown by 
an electrometer such as is above described. Moreover, this 
tension decreases precisely in proportion to the decrease of re- 
sistance between any given point and earth; so that if the wires 
ABCD were straightened out as in lig. 4, and the resistance 
represented by their length, the fall of tension along each wire 
would be exactly represented by the height of the dotted straight 
line shown above each conductor, the maximum height being 
supposed to correspond to the full tension of the battery. The 
current in the two wires would of course be very different, but 
half way along each the tension would be equal to half the maxi- 
mum; at two-thirds of the distance it would in each wire be 
two-thirds of the maximum, and soon. Now if two points of 
the conductors, at equal potentials or tensions, are joined by a 









EARTH 
Ss WB 
wire, no current will pass along that wire, for a current is always 
due to a difference of tension acting like a head of water; the 
case is analogous to that of a pipe joining two reservoirs; if the 
water in each be at the same level no current will flow through 
the pipe, no matter how deep the reservoirs may be, so that if 
the galvanometer wires are applied to two points so chosen that 
A 
B 5 
will pass through the galvanometer. But if the wires are 


Cc , : : 
—— the tensions at those points being equal, no current 








same station; S, an electrometer at a distant station, where the 
end of the submerged cable AB is insulated. The battery CZ 
is connected with the other end of the cable. Then let C = the 
current observed on the galvanometer, V the potential at the 
same station, U the potential at the distant station, / 
the length of the cable, K the resistance of the unit 
lengths of the conductor, the resistance of the unit 
length of insulator to conduction across the sheath, and let 


K a 
\ — =a, All these quantities may be known, and should 
n 


be measured in the so-called absolute units, or other equally 
coherent systems. Let A be the distance of the fault from the 
ship, or galvanometer station, then: 
1 
(8 ; Ao log. 
) 5 


+ 





's eliminated, the following equation is obtained; 





fp 
When : 
F=V+%o-uet! 
And 
pD=Ue “+Ko_v 
eine this test is not of so simple a nature, that it could 
be executed by an ordinary clerk, but it is interesting to ‘know 








applied as at y and a, a current will pass through in the diree- 

tion of the arrow, and if the wires are applied, as at 2 and w, a 

current in an opposite direction will pass, so that by trial we 

may always ascertain the exact points at which the condition 
A ‘ 


_ = — is fulfilled. ‘Lhe dotted line round ABCD in 


Fig. 8 corresponds to the dotted line in Fig. 4, and represents 
the gradual fall of tensions. When the galvanometer wires are 
applied, as at y and z, or w and 2, this dotted line should be 
slightly modified, but the modification will not atlect the truth 
of the above reasoning.” 











Tuames River Navicarion.—Mr. Milner Gibson has 
brought in a bill which has been read for the first time, to vest 
the management of the upper portion of the River Thames in 
the Conservators, and to make better provision for the preserva- 
tion and management of that portion of the river. 

Harpour at Trreste.—The Southern Railway Company 
of Austria have arranged to advance to the Austrian Govern- 
ment the sum of 1,200,000/. for the construction of a large and 
commodious harbour at Trieste. In return, the railway com- 





pany are not to aA income-tax to the Government until after 
the year 1880. i e arrangement is mutually beneficial. 
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STEAM ON THE FARM. 

It gives a fictitious importance, and is therefore per- 
haps unfair, both to the author and the reader, to notice 
at ‘ength the productions of those who may be termed 
juvenile offenders in the literature of aw S But 
we have dropped —_ an irresistible pamphlet, having 
no imprint, although it is printed in a commendable 
manner upon “ toned,” or cream-coloured paper, and 
intituled, “ Steam on the Farm; showing the Advan- 
“ tages to be Derived from the Use of the Locomotive 
“and Travelling Railway. By Echlin Molyneux, 
“ Junior, C.E., Graduate in Civil Engineering of the 
“ Queen’s University in Ireland ; late Senior Scholar 
“ in Civil Engineering, and Prizeman in General Engi- 
“ neering, in Motive Powers, &c., &c., &c.” These be 
high sounding, as they are doubtless well earned, 
appellations of distinction to the younger Molyneux. 
We know nothing of him, otherwise than from his 
brochure. From this we believe him to be a “ rising 
“ man,” but his ascension is such that he is decidedly 
“up a tree” upon the —s of steam cultivation. 
His essay is two years old, judging from the date, 
1864, although it might have been put to press in 
December of that year. He observes, in beginning : 
“ The application of steam power to tillage has lately 
“ received much attention from agricultural engineers, 
“but the results have as yet been unsatisfactory to 
“those who investigate the subject impartially, and 
* compare the actual performance of the various sets of 
“ steam cultivating apparatus now in use with the 
“ power expended, the work done, and the cost of its 
* execution.” We like a youth who seeks fixed prin- 
ciples, and who strives and does his best, and even 
doubts established facts until they are demonstrated to 
his satisfaction. The young Molyneux (we hope he is 
not of ripe years, and that, therefore, we do vim no 
injustice in speaking of him as the young man— 
perhaps from the country) does not believe in the wire 
rope system. He writes well, and if he had a pub- 
lisher, and the public could find copies of his pamphlet, 
it would have a great run. We wish only, however, 
to deal with his conclusions. Disposing of the late 
James Boydell’s engine, he adds that a@ “ travelling 
“ railway, in every way suitable for this purpose, has 
“ been recently patented. It is believed that locomo- 
“tives and trucks, mounted on these railways, will 
“travel over ploughed fields and bad roads with a 
* friction of 30 lb. per ton.” 

Mr. Molyneux, junior, who, we suspect, is the 
patentee of “a travelling railway,” although we have 
purposely kept away from the Great Seal Patent Office, 
in order to keep our mind unbiased, employs an esti- 
mate in which the “ weight of locomotive and travelling 
“ railway, including a supply of coal and water for one 
“ day,” is taken at 20 tons. The actual power trans- 
mitted to the driving wheels of this 20 ton engine is 
carefully taken out in foot-pounds, and amounts to 
21 actual horse power, equal to about one-fourth the 
power of ordinary 20-ton engines. The locomotive is 
to move at the rate of one mile an hour, or, as the 
author gives it, 88 ft. per minute. What a railway it 
must be to require the locomotive to move at this rate! 
But the engine is to plough 31.43 acres in ten hours, 
it is not stated to what depth. The soil, perhaps, 
would be agreeably tickled under the action of ploughs 
taking a breadth of 26 ft., for this would be the neces- 
sary breadth in order to plough 31.43 acres in ten 
hours, with a plough moving only 1 mile an hour. 
What a locomotive it must be, working up to 20 indi- 
cated horse power, that can thus get through from two 
to three days’ work of an engine working up to twice 
the power, pulling awey at the objectionable wire rope ! 
But we are going too iast, for the remarkable result to 
be attained is only to be looked for through a@ “ travel- 
“ ling railway recently patented.” Mr. Molyneux goes 
into particulars with great exactness, but they are most 
rove x toread. The 31.43 acres are to be ploughed 
per day at a cost of 18s. 64d. in all, or 7.08d. per acre! 
l'hink of the poor Wiltshire farmers who are paying 
20s. an acre for the same kind of work. What a bless- 
ing it will be when, with the aid of the “ travelling 
“ railway,” we can plough at seven ne (bother the 
decimal) per acre! But this is not all. Mr. Molyneux 
informs us that, “though the saving effected by the 
“ application of ¢he locomotive and travelling railway 
to steam cultivation is great. it falls short of that 
* realised by their use for the general purposes of farm 
“ transport.” The travelling railway, at a speed of 1 
mile an hour, ploughing over 3 acres an hour, at a 
cost of 7d. per acre, is something; but the knowledge 


that all this is to be beaten in the way of farm trans- 
port, is delightful. We have looked into the weight 
of engine, 20 tons, the speed, 1 mile an hour, the 





acreage ploughed, and the “road transport,” and we 
can only wonder. Certainly “steam is yet in its 
infancy.” 

We are pleased to find a table headed “ ASSUME.” 
We find the 20 ton locomotive is to cost but 450/., and 
that the weight of trucks is to be but one-fifth their 
gross load, and, not less satisfactory, the wear, tear, 
and interest on trucks is to be but ezght per cent. pez 
annum! Really Mr. Molyneux ! tt comes out that 
the gross weight of the train drawn is to be 227 tons 
—yes, two hundred and twenty-seven tons, with a 20 
horse engine (20 effective horse power) moving at 1 
mile an hour, against a resistance of 301b. per ton! 
The work will cost next to nothing, the cost of hauling 
151.51 tons, net, 10 miles in one day, being a trumpery 
21s. a. equal to 0.16d. per ton per mile. This beats 
the railways all to nothing. 

But Mr. Molyneux has by no means exhausted him- 
self. He says :—‘ A considerable reduction in the 
“ working expenses of locomotives intended for steam 
“cultivation and slow traffic might be made, by using 
“Cornish boilers, instead of those of the multitubular 
“form, for the latter require a greater outlay in their 
“purchase, and on their repairs. The power expended 
” by a locomotive mounted on a travelling railway, and 
*‘ moving at a slow speed, in moving itself, is so small 
“in proportion to the effective tractive power of the 
“engine, that were these heavy boilers employed, the 
“cost of the additional power consumed in friction 
“would be small in proportion to the saving effected 
“in the wear and tear of the boiler. For the same 
“reason it will be found cheaper to start with a supply 
“of several tons of water, ” sd to employ a boy, and 
“horse, and water-cart, to attend on the engine.” 

We like the idea of the Cornish boiler, which, we 
presume, is to be set in brickwork, with a brick 
chimney 40 ft. high. But Mr. Molyneux does not 
mention where the water level will be in working up 
or down inclines of 1 in 10, although suppose the 
boiler to be only 20 ft. long it might be placed trans- 
versely to the road, a regular caution to gate posts, to 
say nothing of road fences, hedges, and outsiders 
generally. 

Truly Mr. Molyneux’s pamphlet, if it has not been 
bought in, will some day bring fabulous prices from the 
collectors of the curiosities of literature. 








THE FRICTION OF ECCENTRICS. 


A CORRESPONDENT has recalled our attention to a 
letter which recently appeared in our columns upon 
the friction of eccentrics, and to our own comment 
thereon. So far from Mr. Bourne’s “rule” being 
wrong, we now find that we misunderstood it, and we 
have reason to know that it has been misunderstood b 
a number of engineers, although this, perhaps, is 
their own fault. The loss of power by friction in the 
working of eccentrics, is independent of the throw of 
the eccentric, and Mr. Bourne’s rule (for his explana- 
tion amounts to a rule) is quite consistent with this 
fact. He first demonstrates the extent of the friction, 
and then observes “that the loss of power from 
“the friction of the eccentric and strap alone, in- 
“dependently of the bearings of the shaft, is equal 
“to yoth the power required to do the work, mul- 
tiphed | the circumference of the eccentric, and 
“ divided by twice its throw.” When this rule is 
applied, it will be found that the horse power con- 
sumed in friction is the same whatever the throw of 
the eccentric. It is from the neglect to apply it that 
more than one engineer, seeing the throw of the 
eccentric introduced, has concluded that the power lost 
in friction was supposed to vary as the throw. Sup- 
posing the same constant resistance to the motion of 
the valve, the power consumed in working the valve 
would, of course, be directly as its throw. But in 
employing this power as an element in computing that 
lost by the friction of the eccentric, the divisor 
(twice the length of the throw) increases pari passu 
with the travel of the valve, and thus, the larger power 
being divided by a proportionally larger divisor, the 
quotient remains the same. 

Mr. Bourne’s rule requires that the power lost in 
working the valve be first caleulated, but here there is 
some difficulty. We believe that but few engineers are 
willing to accept the ordinary data for calculating the 
friction of valves. The author of a paper lately read 
at the Society of Engineers made a show of calculating 
the power required to work the valves of one 
of the Great Northern express engines. He got a 
result of about 220 horse power consumed by the 
valves and eccentrics, leaving but about 160 for the 
movement of the engine and train ! 

But we cannot compute the friction of the eccentric 











until we know the resistance of the valve, and so we 
are again thrown upon data more or less open to dis. 
pute. The case which we raised, in a recent article 
upon Marine Engineering, was that, however, of the 
application of an eccentric to work an air pump. Here 
the real resistance can be calculated with certainty, 
excepting, — the friction of the air pump bucket 
and that of the stuffing box. And knowing the resis. 
tance, it is easy to find the horse power consumed b 
the air pump. It is then easy to find, by Mr. Bourne’s 
rule, the power lost in the friction of the eccentric, and 
where the diameter of the eccentric is 6.37 times its 
throw, the power lost in its own friction will be equal 
to that expended in —o work (supposing the 
co-efficient of friction to one-tenth). ‘To drive a 
pump with a 20 in. stroke would require a 10 in. throw, 
and if the eccentric were 63.7 in. in diameter (not that 
it would in practice be so large), its own friction would 
consume as much power as the working of the pump 
itself. Not that the constant friction would be equal 
to the resistance of the pump, but the product of the 
friction of the eccentric, multiplied by the distance 
moved through per minute at its circumference (still 
assuming the co-efficient of friction as one-tenth the 
pressure), would be equal to the resistance of the pump 
multiplied by the travel of its bucket per minute. 
Whoever not seen Mr. Bourne’s rule, and rightly 
understood it, would, if he wished to estimate the loss 
of power by the friction of an eccentric, multiply, say 
one-tenth of the constant pressure against it by the 
distance moved through per minute at the cireum- 
ference. Dividing the foot-pounds thus obtained by 
33,000 would give the horse power expended in friction, 
But when the work done by the eccentric beyond over- 
coming its own friction has been computed, the appli- 
cation of Mr. Bourne’s rule will give the same result 
with a much less number of figures. 








GENERAL SURVEY OF FRANCE. 


At the meeting of the Civil Engineers of France, 
held on the 2nd inst., an account was given by M. 
Tronquoy of the progress that had been made towards 
the carrying out of the general levelling of France. It 
seems that the project of a general survey for determin- 
ing the levels of France, is due to M. Bourdaloué, who 
conducted the levelling of the Isthmus of Suez. He 
commenced the work at his own expense, by carrying 
out the levelling of the department of the Cher, where 
he was born. This work, which was commenced in 
1849 and finished in 1855, and an account of which 
was published in a folio atlas, containing twenty-one 
plates and three volumes of text, attracted the attention 
of the Government, and in 1857 it was determined that 
a general levelling of France should be carried out in 
the same manner as that of the department of the Cher, 
the offer of M. Bourdaloué to combat that survey being 
accepted by the Government on the 15th July, 1857. 
Up to the present time the series of levels has only been 
completed in the department of the Cher and Seine; 
in the remaining parts of the country the base lines 
only have been levelled. One of the fest things to be 
done was to decide upon an official datum line, and 
this was done on January 16th, 1860, when the ‘datum 
was fixed at 40-centimetres above the zero of the tide 
scale at Marseilles. This being done, it was easy to 
alter to the new datum all the levels previously ob- 
tained, M. Bourdaloué wishing to provide himself with 
this information, and to check former operations. In 
conducting the survey, each level was taken at the 
same time by a surveyor and a reader, who note down 
separately and without communicating with each other 
the levels taken off. Each base line has been mea- 
sured six times by separate sets of observers, and 
on the least discordance occurring the work was done 
over again. In this way, some parts were checked 
from ten to twenty times. The length of the net- 
work of base lines amounted altogether to 14,965 
kilometres, of which the principal base lines amounted 
to 13,085 kilometres, and the secondary lines 
to 1880 kilometres. The total cost of the work 
has been 700,000 francs. The lines of levels of the 
third class will amount altogether to 265,500 kilometres, 
and will form with the base lines a total length of 
280,465 kilometres. The original margin of error 
of 0.40 metre for the base lines has been reduced at 
the request of M. Bourdaloué to 0.10 metre and that 
allowed for the lines of the third class has been fixed 
at 0.12 metre. The cost of that part of the work 
which remains to be done has becn estimated by M. 
Bourdaloué at about 5,200,000 francs, of which — 
3,000,000 franes are to be charged to the state, an 
about 2,200,000 frances to the various departments 1n 
which the work has yet to be carried out. 
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THE TESTING OF GAS. 


Tue Birmingham Corporation, by their gas act of 
1864, have the power of testing the gas supplied to the 
town by sending an inspector direct to the gasworks 
without giving previous notice. In many other cases 
six hours’ notice must be given. Dr. Letheby, some 
little time since, visited Uxbridge to test the gas at 
the request of the Local Board. Before his six hours’ 

Shad expired he tested the gas in a private office 
in the town, and found an illuminating power of 12.48 
candles, the Act requiring 12. He was only allowed 
to commence his test at the gasworks on the expiration 
of his notice a few hours afterwards. The “ power” 
then was from 15.38 to 15.78 candles, and the en- 
gineer, Mr. Hedley, informed him that he had purposely 
charged one or more of his retorts with cannel coal in 
order to show him that the quality could always be 
easily raised if a brief previous notice were given. On 
returning into the town a few minutes afterwards, Dr. 
Letheby re orted the gas in a private office as of only 
11.64 candle power, the average of the morning and 
evening tests being 12.06 candles, or barely over the 
parliamentary standard. The doctor found the gas to 
be very free from sulphur, containing only 13.7 grains 
per 100 cubic feet, while the Act allows 20 grains, 
and, at other works, from 25 to 30 grains are oc- 
casionally found. But in testing for ammonia the 
turmerie paper was discoloured in less than a minute. 

Mr. Hedley, the engineer to the Uxbridge Works, 
writes to the local paper to maintain that gas com- 
panies ought to have no notice of an intended testing 
of their gas. Says Mr. Hedley:—“ Finding Dr. 
“ Letheby upon works over which I had control, and 
“ with the view of assisting the gas consumers of the 
“entire kingdom, I, having given him ample time to 
« test the gas in the town, at once brought its quality 
“ from 19.48 candles to 15.38, offering at the same 
“time to show him that the gas then in process of 
“ manufacture was passing into the three gasholders, 
“ and thence into the town, in fact, the inlets and out- 
“ Jets of all the holders were open.” : 

And again :— A few nights since, I wished to prove 
“to a barrister interested in this question, that the 
“ quality of the gas could be altered in a few minutes, 
“ and with him I visited the Uxbridge Gasworks on 
“the evening of the 27th ultimo. 1 there found the 
“ gas equal to 12.50 candles, and by charging only one 
“ retort with cannel coal raised the quality of the gas 
“ nearly 2 candles in less than fifteen minutes.” 

But as to Dr. Letheby afterwards —s in the 
town below the standard of 12 candles, Mr. Hedley 
says: “When he had completed his sulphur test, and had 
“ placed the products of combustion in a phial to take 
“with him for chemical analysis, it was time for him 
“ to leave, and he accordingly left the works at about 
“ six o’elock. Upon my arrival at the station at about 
“seven o’clock, I there met Dr. Letheby, and he 
“ informed me that he had again tested the gas in the 
“town, and had found it only 11.64 candles. I at 
“once drew his attention to the gas burning at the 
“ station and in the town, and showed him that it was 
“ certainly not less than 14 candle gas ; this he neither 
“could nor did deny, and I have no hesitation in 
“saying, that Dr. Letheby had not sufficient time 
“from the period of his leaving the works—going to 
“ Mr. Eve’s office—to his arrival at the station, to make 
“ any satisfactory experiments. I make this assertion 
“knowing the time he would expend in unpacking and 
“ fixing, and repacking his apparatus, and his meter 
“being what is called a dry meter, he could not have 
“cleaned or freed it from atmospheric air, and the 
“admixture of this with the gas, was the cause of his 
“ finding an illuminating power of only 11.68 candles. 
“From four until eight o’clock, there was never less 
“than J4 candle gas in the town of Uxbridge on that 


“ day.” 








TRACTION ENGINES. 
To THE Epitor oF ENGINEERING. 


Str,—The interesting account contained in your last 
number of the trial of Messrs. Aveling and Porter’s 
traction engine, brings prominently to view the im- 
portance of economising both fuel and water in this 
class of engines. Your account tells us of no less than 
seven stoppages, one being for coals, and six for water. 
It is — e that one or two of these might have been 
avoided if no other cause for stopping had arisen; but 
the engine tanks containing only 369 gallons, whereas 
1512 were used, of course necessitated several stop- 
pages, as it would not do to run the tanks empty, 
neither could water be had everywhere. I suppose it 


engine referred to must be stopped every 3 or 4 miles 
for water, and perhaps every 8 to 10 miles for fuel. 
The delay thus occasioned is serious enough—in the 
case before us 3} hours out of 124, probably never less 
than 2 hours a day—but this is not all, for the water 
must be had, whether good or bad, and the same may 
be said of fuel. 

Supplying the particulars omitted in your report, 
viz.: pressure of steam, 80 to 90 lb.; speed of engine, 
120 revolutions ; and lap on valve sufficient to cut off at 
ths of the stroke,* it would appear that something like 
30 horse power Sbenmmetdeats was developed. The 
engine started with 18 cwt. of coals, and 33 ewt. of 
water, together, 51 cwt. This load I should like to 
see otherwise divided, say 7 or 8 ewt. of coals, and 
43 ewt. of water, which quantities would be sufficient 
for about seven hours’ work, were the steam used ex- 
ape and the feed water heated. Indeed, it would 
be quite possible for the engine to carry just coal and 
water enough for an entire day’s supply, so as to avoid 
the necessity of stopping at all except when the day’s 
work was done. 

This question of expansion is no longer one of doubt, 
much as it may be in the interest of many to deny its 
advantages. That 31b. to 4b. of coal, or common gas 
coke, and 2 gallons to 24 gallons of water (if heated 
by the exhaust steam) is amply sufficient to develop a 
dynametrical horse power, even when the pressure of 
steam does not exceed 60 lb. to 70 ib., I can most con- 
fidently affirm, from daily experience. As regards the 

articular mode of expansion employed, let engineers 
to as they think best; all I desire to do here is to 
condemn the principle of nearly filling cylinders with 
steam, allowing no space for expansion, and thus dis- 
charging it before it has done half its work. In the 
case of traction engines especially, this waste is un- 

ardonable, not only on account of the coal bill amount- 
ing to half the entire soy 5 of transport, but on ac- 
count also of unnecessary delay and other evils. 

I trust it will not be supposed I am speaking espe- 
cially against the engines of een. Avelin: and Porter, 
which are well and carefully designed in all respects as 
engines of the ordinary type. My objections lie against 
all traction engines wasting from half to even two- 
thirds of the steam they make. There seems to me 
little doubt about the expenses (taking saving of time, 
saving of fuel, and reduced wear and tear into account) 
being reduced to less than half those given in your 
report. The actual results of the trial are so different 
from those usually put forward, that your report is 
specially valuable, the more so if it draws attention to 
the detects of the present mode of constructing en- 
gines, and furthers p em improvement in the future. 

Epw. E. Aten. 
Parliament-street, Westminster, March 14, 1866, 
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RAILWAYS IN WURTEMBURG. 


TuE kingdom of Wurtemburg occupies the dividing 
ridge between the waters of the Rhine, the Neckar, 
and the Danube. By the railway law of April 18th, 
1843, it was decreed that railways should be con- 
structed at the sole expense of the State, and which 
should unite Stuttgart, the centre and capital of the 
country, with the northern, western, and southern 
frontiers in the following manner; viz., Ist, a line 
from the capital up the valley of the Fils River, thence 
across the Raube Alps, to the city of Ulm on the 
Danube, from Ulm to Biberach on the Riss River, and 
thence to Port Frederick on the Lake of Constance ; 
2nd, a line from the capital following the valley of the 
Neckar down to Heilbron ; and 3rd, a line to the 
western frontier, by uniting the capital with Brucksal 
towards Carlsruhe, in the Grand Duchy of Baden. 
These constitute at present the main trunk lines. In 
1846, the first 22 miles from Stuttgart to Ludwigs- 
burg, on the Neckar, was put in operation; in 1849, 
the lines from Heilbron, over Stuttgart, to, Geislingen 
on the Alps, a distance of 88 miles, and also from 
Port Frederick to Biberach, 52 miles, were completed ; 
and, finally, in June, 1850, the whole line from Heil- 
bron to Port Frederick, in all 190 miles, was opened to 
the public. The western line to Brucksal was not 
completed until October, 1863. The united length of 
all the lines in Germany amounted then to about 6612 
miles, of which those of Wurtemburg make up about 
3% per cent. 








* Mr. Allen is in error in assuming the number of revolutions 
to be 120 per minute. During the greater part of the time the 
engine worked at over 200 revolutions per minute, and the pres- 
sure of the steam was seldom less than 100 1b. The point at 
which the steam was cut off varied, the engine being fitted with 
link motion. One stop of 50 minutes was for lunch.—Ep. E. 





may be assumed that under existing arrangements the 


In the mean time, the pressing demands of the 
inhabitants of the Upper Neckar Valley had led to the 
construction of a branch line from Plochingen, on the 
Ulm line, to Reutlingen, a distance of 26 miles, which 
was decreed in 1857 and completed in 1859. Its 
success gave a new impetus to the general desire 
for the accommodation of similar lines, and resulted 
finally in the creation of the present extension 
system, which, when completed, will place Wurtem- 
burg in the first rank in this respect, considering its 
area and population. The decree of 1858 comprised, 
first, a total length of 316 English miles of new lines, 
which were estimated to cost fifty-five million Frank- 
fort florins, or about 14,500/. per English mile. One 
hundred and seventy-three miles of these were finished 
in 1864, and were found to have cost 2,500,000/. At 
resent these new lines are all finished, making up a total 
ength in the country of 546 English miles, and a total 
cost of 8,500,000/. The lines thus added to those 
described above, are chiefly from Taxtfeld to Heilbron, 
Crailsheim to Hall, Crailsheim to Goldshofe, and from 
Mulen to Rothweil. 
In addition to these, the following lines have been 
projected, and are now decreed by the Government : 




















English | Estimated 
miles, cost. 

Crailsheim to Mergentheim ............0s00+6 47.5 | £687,500 
Do. to Bavarian frontier - 5.9 100,000 
Taxtfeld to Osterbrucken ...... 28.7 437,500 
Pforzheim to Wildbach............ 17.3 187,500 
is, ».: DEE nsphaasanosocannsness 18.7 253,300 
Stuttgart—Calw—Altheim ..........00..000 83.4 | 1,388,300 
Rottweil to Villingen............s00sseseee soool §=18.7 260,800 
Do. to Immendingen .........sserssee 24.5 291,600 
Heidenheim to Ulm ......,...sseseeeeeveee ooo] 87.4 475,000 
Ulm to Sigmaringen ...3..........sserserseeeee 71.8 | 1,000,000 
Aull. Pfullendorf to Aull. Mengen ......... 48.8 500,000 
Tubingen to Sigmaringen ...........+.0ssse00 46.0 500,000 
Tubingen to Stuttgart ..... bs seevccsesceteesces 63.0 | 1,025,000 
Port Frederick to Bavarian .........00..0008 38.8 625,000 
and Baden frontier...........0ccccsccccccecess 17.0 166,000 
Total....0ccrccee dececessossceccceocese 567.5 | £7,842,500 


To this should be added 833,500/. for furnishing 
these new lines with rolling stock, which will bring the 
total outlay up to 8,676,000/. 

Messrs. Peto and Betts have made an offer to the 
Government to contract for the construction of the 
whole of these lines for the sums estimated as above 
by the Government engineers, taking in payment bonds 
to that amount, bearing 4 per cent. and running fifty 
years, at a discount rate of 6 per cent., but the Govern- 
ment, except for two short lines, has declined this 
offer, preferring to employ and develop native talent, 
and to expend this considerable sum among its own 
subjects. 

he Wurtemburg lines have thus far returned the 
small profit of but little over 4 per cent., which, though 
the working expenses amount to barely half of the 
gross receipts, is due to their comparatively high cost, 
In consequence of the difficult country they traverse. 
The receipts would also be more, but for the rather 
sparse population, and the backward condition of the 
industrial and agricultural interests. It is expected, 
however, that, considering the resources of the country, 
the new lines will give a new impetus to traffic of all 
kinds, and so develop it as to make their operation a 
profitable investment to the state. 








Estimates, Mr. Watkin said that the United States, thou 
they might not have attained absolute perfection, had certain 
acquired possession of weapons superior to our own. Not rest- 
ing content with the conviction that breech loaders were superior 
to muzzle loaders, they went further, and insisted upon breech 
loaders that should, to some extent, carry their own magazines. 
Two of these rifles—the Spencer and the Hay—had particularly 
distinguished themselves by their performances. the Spencer 
rifle was loaded by means of cartridges inserted through the 
stock of the rifle, so that without any retubing or recharging it 
could fire seven shots in continuous succession. ‘These seven 
shots could be fired in 12 seconds, or at the rate of 35 shots a 
minute. In platoon firing by word of command the practice, of 
course, was somewhat slower, one shot being fired every three 
seconds, or at the rate of 20 shotsaminute. Apprehensions had 
been expressed in some quarters that the magazine might ex- 
plode and blow the weapon to pieces, but he believed these ap- 
prehensions were greatly exaggerated. With regard to range, 
these weapons would throw a ball with accuracy for 2000 yarda, 
and from a distance of 150 ft. pierce through 13 in. of timber. 
The hon, member read passages from reports made by Major- 
General Howard, Major-General Cooke, General Hawley, and 
General Hooker of the United States’ army, speaking in terms 
of the highest commendation of the performances of these re- 
peating rifles in the hands of troops under their command on 
various occasions during the civil war, and went on to say that 
he namedsthe Spencer and the Hay rifles, not as positively the 
best repeating rifles, but as samples of the weapons produced at 
the other side of the Atlantic. 


Breecu LoApinG Rirtes.—In the debate on the mam | 
y 
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VII. Comptes Rendus. 
(1866. Nos. 7 and 8.) 

Becquerel. Memoir on the zones of hail storms in the Department 
of the Seine-et-Marne. 

J. Pelouze. On the composition of the soda extracted from sea- 
salt by Leblanc’s process. ; 

Chasles. Relations between the two characteristics of a system 
of curves of any order. : 

Morin. Remarks on Dr. Le Fort’s work on lying-in hospitals. 

Roulin. Obsidian knife from Mexico. Nuclei showing the trace 
of the blades removed therefrom. 

Ph. Gilbert. On Sturm’s functions. ; 

B. Corenwinder. Chemical researches on vegetation—functions 
of leaves. 

Bertrand de Lom. On certain new geological and mineralogical 
facts concerning various beds of —- of lime. 

Simonin. On the working of tin mines in Bretagne, in the olden 
times. 

Guérin. On the Auvergne obsidian knives and the nuclei from 
which they were removed, discovered in the excavations 
of the Luneville and Baccarat railway. 

St. Leger. Memoir on the influence of the gevlogical constitution 
of the soil on the existence of endemic goitres and 
cretinism. 

A. de Caligny. On the nature of the friction of liquids subject to 
high pressure. 

D. E. Splitberger. On the staining of glass. 

L. Girand. On a passage in Tyndall’s work concerning the 
action of the moon on the liquid protuberances of 
tides. 

Faye. Second inequality in the motion of san spots (conclusion). 

Daubrée. Synthetical experiments on meteorites with regard to 
the formation of those planetary bodies and the earth. 
(Second Part.) 

Albert Gaudry. On the fossil animals of Pikermi, with respect 
to the study of the intermediate forms. 

D. A. Godron. New experiments on hybridity in the vegetable 
kingdom made during the lest three years. 

Manmené. Experimental researches on the causes of goitres. 

E. Combescure. On the multiple solutions that are common to 
several equations. 

Rayet. On the storm and barometric minimum of the 11th of 
January, 1866. 

C. Greville-Witliams. New researches on the hydro-carburet 
contained in the most volatile parts of cval oil. 

Fr. Lenormaut. On the appearance of a new volcanic island in 
the roadstead of Santorin. 

Ch. Sainte-Claire Deville. Earthquake of the 2nd of January, 
1866, in Mexico, 

Hugo Schiff and E. Bechi. Researches on boric ether. 

Focuses. On the arrangement in the female organs of genera- 
tion in kangaroos (claim of priority). 

P. de Wilde. Formation of acetylen by incomplete combustion 
(claim of priority). 

Dauzat. Presentation of a specimen of silken tissue woven by a 
peculiar kind of silkworms living on the Arbuti. 


XIX. Revue des Deux Mondes. 
(1866. Vol. lxi.) 

Ch. Lavollée. The French railways in 1866, and their influence 
on the prosperity of the country. 

J. Simon. The co-operative societies in Pranss and England. 

Emile de Laveleye. On the education of the people in the 19th 
century. On the intervention of the state in public 
education in England and the English colonies. 

Ch. Martins. Projected et ae to the North Pole. On the 
possibility of reaching the North Pole ; new plans pro- 
posed in England and Germany. 

Léonce de Lavergne. The state of agriculture in 1865. 

R. Radau. On the gaps in the solar system. 


XXV. Génie Industriel. 
(06s. No. 182.) 

Durenne. Factory of boi d engines at Courbevoie. 

Melchior Colson. Apparatus for removing incrustations or sedi- 
ments from boiler tubes (with plates). 

R. A. Jones. Means of preventing the breaking of glasses in 
railway signals (with plates). 

Alf. Verlaques. Buoys rendered luminous by means of hydrogen 
extracted from the water (with plates). 

Chauvin. New process for drying sugar fraven 

Rice and Evered. Tool for cutting plates for the reception of 
tubes (with plates). 

L. Delaporte. Manufacturing Paris coal by means of common 
colophany. 

Armengaud. Essays on the construction of engines. Studies on 
the elements of their constitution. 

F. de Wylde. Manufacture of cement with a base of plaster. 

On the Paris Universal Exhibition of 1867. 

H. Brown. Rotary steam generator (with plates). 

Gits and P. du Rieux. Continuous reverberatory furnace for 
caleining bones without causing smell, and for collect- 
ing the ammoniacal produc*s (with plates). 

M. J. Robert. Apparatus for greasing wool (with plates). 

Mermilliod Apparatus for sharpeninz seythes (with plates). 

Beaumont and Perrin. Water-raising engine with rotary cylin- 
ders (with plates). 

Lavery and Stuart. Expansion ferrule and caps for repairing 
boiler tubes (with plates). 

Manufacture of bed covers. 

International Fishery Exhibition at Boulogne. 

On nitrate of soda. 

Extraeting oil from maize. 

Dumény and Lemut. Puddling machine. 


I. Dingler’s Polytechnisches Journal. 
(1866. Part ILL.) 
Thomas Davis. Piston steam slide (with plates). 
Watzka. Reversing gear with variable expansion. 











Trouillet. New apparatus for widening bores (with plates). 
Chaudun. Metal capsule cartridges (with plates). 

Séguier. Mixed charges. 

Broadwell. Wedge fastening ot breech-loading guns. 

A. Gaudin. Treatment of rod iron, steel and cast iron (with 


lan). 

Cisnsvest. On the allotropie state of iron and its importance in 
metallurgy. ' 

Cizancourt. On the changes and modifications of the allotropic 
state of iron produced by metallurgical ses. 

L. Cailletet. Researches on the gases contained im liquid pig- 
iron and steel. 

Victor de Luynes and G. Esperandieu. On the manufacture and 
certain properties of pyrogallic acid. ‘- 

Depouilly, Brothers. On the manufacture of aniline for obtaining 
colours (with plates). 

Th. Grison. On black dyes for woollen stuffs. . ‘ 

Dr. Joh. Carl Lermer. Action of hops on the inorganic ingredients 
of wort. On the amount of wort contained in boiled 
hops. Constitution of the inerustation of brewing 
apparatus. 

Sievers. Corn kiln. 

On the explosion of a steam boiler on the ship St. John. 

Using caoutchouc pipes as syphons. , 

Dumas and Benoit. Lighting power of their electrical safety 
lamps. 

Manufacture tf Bessemer steel at Konigshiitte, in Upper Silesia. 

Manufacture of soft silver. 

E. J. Chapman. Detection of antimony by the blow-pipe. — 

E. J. Chapman. Detection of small traces of copper in pyrites of 
iron and other substances, by the blow-pipe. 

Glénard. Detection of arsenic in Leste nitrate of oxide of 
bismu 

Cauderay. Action of the galvanic current on metal filings. 

Dr. Graeger. Manufacture of pure caustic potash and lye of 
caustic soda. 

Husemann. On a new poison in the cytisus laburnam. 

Preserving fir seeds. ’ 

A. Miiller. On the amount of ammonia contained in atmospheric 
air. 

Sombrerite used as manure. 


XXIX. Revue Maritime et Coloniale. 
(1866. Janvier et Février). 

Statistics of the French colonies in 1863. 

Statistics of Mayotte, Nossi, Bé, and Ste-~Marie de Madagasear. 

Statistics of Gabon. 

Statistics of New Caledonia. 

Statistics of the settlements in Oceania. 

‘The cod fisheries in Ireland (1865). 

Military and civil expenditure of the English colonies belonging 
to the mother country. 

Experiments in gunnery on beard the —_— Sovereign. 

Trials of Lord Clyde, Agincourt, and Pallas. 

Launching of the armour-plated frigate Affondatore. 

The armour-plated corvette Belliqueuse (with plates). 

Bibhography of the navy and colonies. 

The French colonies: New Caledonia (with map). 

Geo. Bell. The commercial aud industrial state of the English 
colonies, 

Judicial organisation of Java. 

Cod fisheries at Newfoundland, and herring fisheries on the 
coasts of England and Scotland. 

Aloncle. Rifled guns in England (with plates). 

A. Kratz. Campaigns in Georgia and Carolina. 

V. A. Barbié du Bocage. Annamite bibliography. 

E. Darondeau. On the regulating of compasses a Russia. 

Report on English fisheries in 1864. 

Abolition of slavery in the Spanish colonies. 

On the resources of the northern district of the province Gia- 
Dinh (Cochin China). 

Mage and Quintin. Journey in the interior of Africa. 

Test of new marine gun carriages in England. 

Armstrong’s gun of 600, and the model gun of the Hercules, 

The Monitor Monadnock at sea. 

The armour plated frigate, Royal Alfred. 

Touchard. Disasters in Guadaloupe. 

Annual banquet of the Geographical Society. 


XXX. Deutsche Industrie-Zeitung. 
(1866. Nos. 1—3). 

Recent researches on metals and alloys. 

Puschner and Weber. Shears for eutting plate and angle iron 
(with plates). 

Herrmann. Control lock (with plates). 

J. Correns. Apparatus for protecting boiler plates (with en- 
gravings). 

Schonbein. Reagent on acids and alkalies. 

A. Philipps. Means of distinguishing artificial red wine from 
genuine red wine. 

H. Hirzel. Extracting perfames from plants. 

Mineralized teasels. 

Dr. van Monkhoven. Reduction of pure silver from photographic 
residues. 

W. Uhland. On large manufactories. 

Reyne. On the so-called miraculous lamp. 

Miller. System of disinfection. 

Dr. Kohlrausch. Regulator for Electrical charcoal lights. 

Dr. fr. Jiinemann. Cement that hardens quickly, and becomes 
water and fire proof. 

Brinkmann and Wackroitz. Packing stuffing boxes. 

R. Béttger. Composition for obtaining impressions of medals, 


&e. 

A. Keller. Obtaining soft and plastic sulphur. 

G. Sebold. Fret saw and planing machine. 

Claire Deville. Hydraulic cement of magnesia. 

Justus Fuchs. Utilising the waste of plate. 

Dr. Jiimemann. Expeditions mode of rendering paints and 
lacquer siceative. 

Moritz Krausch. Inlaid floors. 

On the adulteration of food. 


Dopp. —— for obtaining hollow edges in photographic 
albums: 





Boblique. Manufacture of phosphate of soda at large. 
Thibierge. Preventing incrustations of boilers. 

Dr. Griife. Adulteration of indigo. 

Moreau. Fishing gun. 

Guignet’s green. 

On the negro and labour question in the American cotton states, 
Prof. Heeren. Gas escape detector. 

Prof. K. Siemens. Improvements in distilling and spirit appa- 


ratus. 
Dr. H. Vohl. On the s and vapours of brick kilns. 
Rosenstiel. On aniline black. — 
Foster. Packing for pistons. 
P. Bolley. Table of the common sorts of brass. 
Dr. Griiger. Use of a tincture of cochineal for quantitative 


analysis. 

H. A me colouring subs‘ance from chloroxynaphthalic 
acid. 
Mixture for obtaining fine white enamel. 
Protecting glass cylinders of petroleum lamps from cracking. 

ire rope transmission. 
Prof. Artus. On red wine. 
Priissmann. Alarum. 





Tur Sream Jer.—The American Artizan has the following 
observations about the efficacy of the steam jet :—‘ As the steam 
jet seems to be gaining favour as a means of strengthening the 
draught of chimneys in steam vessels, it may be well to con- 
sider a comparative trial of the jet and fan on board the U. S. 
steamer Eutaw, reported in Mr. Isherwood’s new volume of 
‘Experimental Researches in Steam Engineering.’ With the 
fan, after deducting for loss of heat by radiation, &e., 1.41 per 
cent. of the fuel consumed was used to drive the fan. Less 
would have been consumed had the steam been condensed. 
With the jet from a pressure of 23 lb., after deducting for loss 
of heat, and other waste, 9.73 per cent. was used for the jet; 
or, the jet cost for fuel 6.9 times as much as the fan; or, the 
jet required 8.32 per cent. of the whole fuel, above what the 
fan required. Against this loss we have to set the cost of the 
blowing engine and fan. The above is the computation of Mr. 
Isherwood, from the data which he gives; but we think it too 
favourable to the jet. The whole fuel used for the jet was 
20.16 per cent. of the total burned. This Mr. Isherwood re- 
duces to half, 10.08 per cent., because only one of the two 
boilers was used in the experiment, while the whole chimney was 
used to carry off the smoke—the passages from the other 
boiler being ~~ [o He considers that the same jet, using the 
same fuel, would have produced the same draft for both boilers 
had they been both in use. But this does not accord with ex- 
periments on the steam blast in locomotives: in them it has been 
always found that the vacuum falls when more smoke 
through the flues. When the fire is clear and the damper wide 
open, the vacuum may be equal to 6in. of water; and when the 
fire is clogged with elinkers it will rise to 8; and with the 
damper closed it will be 9 or 10in. On the other hand, it will 
fall to 5 or 4in. when the fire door is opened. And it is obvious 
that the work of projecting two tons of air up the chimney must 
require more power than one ton. Therefore, instead of con- 
cluding that half the fuel in this case is to be deducted, we must 
conelude that a much less deduction should be made; but how 
much less cannot well be estimated without further experiments 
om jets in chimneys of that class. If the chimney were too 
large, the jet would work to disadvantage. A trial of the jet 
with both foilers would be interesting, but bly would not 
show that the blower can be dispensed with in vessels that have 
to catch English blockade runners and privateers.” 

Tue Harrison Borter.—Complete as was the failure of 
some of the Harrison boilers in England, they are being exten- 
sively made in the States. In an advertisement in a New York 
paper, Mr. Harrison gives the following references to his boilers 
at work :—Philadelphia—At S. W. Cattell’s Woollen Mill, Spruce 
and Twenty-fifth-streets (two boilers); William Sellers and 
Co.’s Foundry; Stephen Robbins’ Rolling Mill (two boilers); 
Lewis Taws’ Brass Foundry ; Girard Flouring Mill, Ninth-street ; 
G. W. Simons, jeweller, Sansom-street ; Christian Baltz, Mince- 
meat Factory, Kensington; James B. Rodgers, printer, 54 North 
Sixth-street ; H. C. Oram and Co.’s Foundry ; McKeone, Van 
Haagen, and Co.’s Soap Manufactory; H. C. Bower's Chemical 
Works, Gray’s Ferry-road (two boilers); the House of Refuge. 
West Philadelphia The Pennsylvania Hospital for the Insane; 
Murphy and Allison’s Car Factory. Frankford, Philadelphia— 
Richard Garsed’s Cotton Mills (two boilers). Germantown, 
Philadelphia—Selsor, Cook, and Co.’s ‘Tool Factory; Elias 
Birchall, Armat Mills. Manayunk, Philadelphia—American 
Wood Paper Co’s Mills (three boilers). Pottsville, Pa.—At G. 
W. Snyder’s Foundry. Schuylkill Co., Pa.—At the Tremont 
Co.’s Coal Mines (two boilers); at the Salem Coal Mines (two 
boilers). Pittsburgh, Pennsylvania—Park, Brothers, and Co.'s 
Black Diamond Steel Works; Gaskill and Butler's Rolling Mill. 
Camden, New Jersey—The Camden and Atlantic road's 
Machine Shops. Dover, New Jersey—The Irondale Mines. 
Brooklyn, New York—The Fibre Disintegrating Co.’s Paper 
Works. Williamsburgh, New York—Charles Pfizer and Co.’s 
Chemical Works (two boilers) ; Charles Illig’s Brewery. Syra- 
cuse, New York—Sweet, Barnes, and Co.’s Ceresian Works. 
Worcester, Massachusetts—The Earle Stove Company. Hills- 
boro’, Ohio—S. C. Bell’s Mill. Wyandotte, Michigan—Durfee’s 
Lumber Mills (two boilers). St. Louis, Missouri—The Caron- 
delet Paper Works of the Fibre Disintegrating Company (two 
boilers). 

THe Fraser Gun.—The endurance trial of the experimental 
Fraser gun, ot cheap construction, manufactured in the Royal 
gun factories at Woolwich, terminated on Friday last, at the 
Royal Arsenal butt. The gun having been ordered to be tested, 
according to the official term, “ to destruction,” burst at the 
four hundredth round, after resisting the force of upwar 
36 tons of metal, and eight tons of gunpowder expended in the 
charges fired during the trial. Such endurance, it is stated, is 
without parallel in guns of equal weight. On making the usual 
search and examination, it was discovered after the three h 
and eightieth round that the steel tube had split. The outer 
portion of the gun afterwards gradually gave way in a lo 





direction and burst, as above stated. 
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THE MADRAS PIER. 


Ir is afact worthy of remark that, notwithstanding 
the present gigantic export and import trade of the East 
Indies, amounting as it does at the present time, in 
round figures, to about 80,000,0002. annually, in which 
44,000 vessels aggregating 5,900,000 tons are em- 
ployed—there does not exist along the entire seaboard 
one properly equipped port. Calcutta has for a long 
time been content with a mere river anchorage, 
although schemes have from time to time been put 
forward for the construction of docks on the Hooghly 
River, but hitherto nothing has resulted from them. 
Efforts are, however, now being made to establish an 
auxiliary port for Caleutta on the River Mutlah, and 
something has already been accomplished there, likely to 
lead to very beneficial results. Of what is being done 
at that port we shall take occasion to write at some 
future time. 

At Madras there exist no facilities for the con- 
struction of a harbour, and the shipping has to anchor 
out in the open roadstead at a distance of from 1 to 14 
miles from the shore. In 1855-56 the trade of 
Madras amounted to 7,110,459/., which was carried in 
vessels amounting in the aggregate to 314,986 tons; 
in 1863-64, it had increased to 8,824,654/. conveyed in 
1992 vessels aggregating 390,409 tons. Prior to the 
erection of a pier there the trade of the port was 
carried on in ‘* Masoolah” boats, capable of carrying 
about 2 tons of goods each in fine weather. About 
500 ft. from the shore a bar of sand runs parallel with 


the coast, and over it the sea breaks into a surf, 
which runs in with great foree up to the beach. The 
boats used to be drawn up on the beach, not quite 


beyond the reach of the surf, where the spray broke 
over them, to the injury of their contents. In both 
landing and shipping goods all had to be done by 
manual labour, as cranes could not well be used in 
such a position. In passing through the surf, there 
was, of course, further risk of damage, and the incon- 
venience sustained by passengers was in a sense greater 
than that inflicted on goods. These difficulties, in 
time, beeame much aggravated, owing, firstly, to the 
insufficieney of the boat accommodation for the in- 
creased traffic of the port ; secondly, to the difficulty of 
getting the boatmen to work with regularity and order ; 
and thirdly, to the constant pilfering that took place 
in transit between the shore and the shipping. Such 
obstructions to a regular and orderly tratlc could not 
long be endured, and a sense of their increasing 
magnitude, led ultimately to the entertainment of a 
project for the construction of a screw pile pier. 

The direction of the ocean current off Madras being 
parallel with the shore, a pier on screw piles possesses 
the advantage of offering a smaller amount of inter- 
ference with it than would be the case with any other 
description of jetty equally strong and effective, and 
consequently in its use there exists a less risk of any 
change being effected in the coast line. Another 
advantage of the serew pile principle undoubtedly is 
that, whilst possessing great strength, it offers but 
little resistance to the waves. The combined action of 
the surf and current causes at times a very rapid motion 
of the sand in shore, and considerable changes are 
constantly taking place in the depth of the sea along 
the coast line. The consequent uncertainty of the 
levels suggested the advisability of giving the piles a 
deep hold in their foundations. The necessity of such 
a precaution has since been proved in the case of a 
somewhat similar structure, by the destruction, in 
1863, of the screw pile lighthouse in Morecambe Bay, 
owing to the sand shifting away down to its founda- 
tions, and thereby causing it to topple over. 

In the latter part of 1858, the late Mr. F. Johnson, 
successor to Messrs. Saunders and Mitchell, obtained a 
contract to construct a screw pile pier for the Madras 
Government, for a sum of 103,616/. The ironwork 
was made by Messrs. Hawks, Crawshay and Co., of 
Gateshead ; the woodwork, which was all creosoted, 
was prepared at Sunderland; and the cranes with 
which the pier was furnished were manufactured by 
Messrs. Dunn and Co., of Manchester. 

The total length of the pier from high-water mark is 
1000 ft., the main pier being 960 ft. long by 40 ft. 
broad, and ending in a square or T shaped head, 
160 ft. by 40 ft. The level of the platform throughout 
is 15 ft. above high-water mark, and the depth of water 
at the pier head 24ft. at low water, with a rise and 
fall of tide of 3 ft. 6in. From high-water mark the 
pler extends inland for a distance of 92 ft., where it 
meets an abutment carried out from the main land, and 
protected with a sea wall. This portion cost 4332/.; 
thus the entire cost of the pier amounted to 107,948/., 
the total length being 1092 ft. 
lhe screw piles are all of solid wrought iron, the 





outer ones being 8 in., and the inner ones 6 in. in dia- 
meter ; attached to them are screws 3 ft. in diameter. 
They are arranged in 109 rows of four piles each, 
placed 10 ft. apart, those of the inshore extension and 
the first twenty-five rows of the main pier are embedded 
in the sand to the depth of 11 ft., the next twenty-five 
rows!o thedepth of 13ft.,and the remainder to the depth 
of 15 ft. Each row is braced together transversely by 
wrought-iron T braces, 5 in. in width, the outer piles 
being also braced longitudinally by wrought-iron tension 
rods, 24 in. in diameter, tightened up by screw 
couplings, and secured to the piles by wrought-iron 
clips and bands. Throughout the pier, transverse 
beams of timber, 13in. by 13 in., are fixed over each 
row of piles, and bolted to cast-iron caps fitted to the 


pile heads; upon these, ten longitudinal timbers, of 


similar dimensions, are bolted, and the whole is then 
covered with an open planking. Along the pier are 
four lines of railway, of 5 ft. 6 in. gauge, for the 
goods traffic to and from the shipping. The pier 
head is surrounded by wooden fender piles, placed-at 
short distances apart, and two horizontal waling 
pieces, secured to the screw piles by strong wrought- 
iron bands ; a similar protection is also carried along 
each side of the main pier for a distance of 200 ft. 
inside the pier head. A light open railing surmounts 
the superstructure on either side as far as the com- 
mencement of the pier head. The following transverse 
section and side elevation of the pier show the arrange- 
ments of the struts and braces : 

In order to supply the shipping with water, a cast- 
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iron pipe of 3 in. internal diameter, and 3 in. thick, is 
carried along the top of the pier immediately below 
the flooring ; the pos 8 resting on the transverse beams 
as shown in the accompanying sketch. 
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The total length of piping used is about 1500 ft. ; 
at the sea extremity the pipe is fitted with three brass 
cocks, from each of which water is led off to ships’ 
boats lying alongside the pier, by means of a leather 
hose 1 in. in diameter, and 25 ft. long. 

The entire width of the pier was constructed simul- 
taneously, beginning at the shore end, and the platform 
was laid over one row of piles, and the bracings and 
other parts fitted, whilst the next row of piles and set 
of main bearers were being fixed in advance; thus the 
pier was finished piece by piece, and made available for 
use as each section was completed. During the pro- 
gress of the works some of the piles, on being mea- 
sured, were thought not to have been sunk into the 
sand to the required depth, and several rows were ac- 
cordingly ordered to be withdrawn. After a few only 
of the condemned piles had been taken up, owing to a 
change in the sea bed, it was found that the remainder 
were then embedded to a greater depth than was speci- 
fied in the contract, and the order to take them up was 
therefore cancelled. 

The pier was commenced on the 17th of September, 
1859, and, according to agreement, it -was to be com- 
pleted in two years and a half from the time of screw- 
ing down the first pile, which took place in the follow- 
ing November; notwithstanding the delay caused by 


the loss of three vessels on the way out, having on 
board the materials altogether for 500 ft. of the pier, 
and which had to be obtained again from E: land, al- 
though not actually completed, it was opened for pas- 
sengers and mails on the lst of December, 1861. It was 
not, however, until 1863 that the pier was taken over by 
Government as finished, and opened for goods traffic. 
The abutment and sea wall by which the pier is 
joined to the shore, were constructed by Government. 


e sea wall is built on foundations consisting of ninety- 
one brick wells formed of radiated bricks laid in thin 


clay, securely bound with straw rope, and sunk per- 
pendicularly to such a depth that their crowns are all 
of an uniform level of 23 ft. 6in. below the general 
level of the pier platform. These wells are 6 ft. in 
external diameter and 8 ft. deep; they are set side by 
side in three rows, and filled with concrete, the inter- 
stices between them also being filled up with the same 
material. The lower courses of the sea wall are built 
of cubes of brickwork to 3 ft. above the surface level of 
the wells, in courses of 1 ft. each, and averaging 13 ft. 
3in. in breadth. ‘The upper part of the wall is of brick, 
faced with cut granite set in cement, it is 16 ft. high, 
having at base a breadth of 10 ft. and at the coping of 
5 ft. The face of the wall is formed in a curved batter 
of 1 in 6, and in rear the upward breadth is reduced by 
steps in the brickwork. Behind the wall earth is filled 
in to the proper level, and lines of rail connect the pier 
with the Custom House. 

The work of loading and unloading vessels has still 








to be carried on by means of boats, but as they have 

- not now to cross the surf 
the risk of damage to 
goods is lessened, much 
time is saved, and a great 
boon has been conferred 
on the shipping interests ; 
we look forward, how- 
ever, with anticipation to 
the time when, not. only 
Madras, but other prin- 
cipal ports in India, shall 
be provided with accom- 
modation better suited to 
the requirements of the 
large and rapidly increas- 
ing trade of that import- 
ant empire. 
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Tue Iron Specutation.—“An Ironmaster,” writing to the 
Times states, that, iron is made and delivered free on board in his 
(the Cleveland) district at a cost of from 37s. 6d. co 42s. 6d. 
per ton, Some years ago it was shown that the cost in Scotland 
was 52s. a ton. The present speculation in warrants has carried 
Cleveland iron to 61s. per ton, and 79s. for Scotch iron. But 
during the progress of this speculation all articles of importance 
made from pig iron have not in the least degree advanced, but 
receded. Rails are quoted 6/. 5s. f. 0. b. in Wales and Cleveland ; 
whereas, the price was 6/. 15s. to 7/, when Scotch pigs were 55s. 
Bars, ship plates, and angle iron are in the same condition, and 
one may well ask what possible ground is there for this advance ? 


The question may be answered by asking who are the promoters 
of this speculation, 
but it is well known that it is not the consumers who have been 


It would be invidious to be too particular, 


purchasers. Cotton brokers, shipowners, and a whole host of 
dabblers small and great, far removed from the iron trade, are 
the extensive buyers of warrants—not of iron at present prices ; 
and it is notorious that the financial facilities they have received 
have been from that particular class of finance, credit, and bank- 
ing concerns, whose position is not the highest but who foster 
such speculations in Grand Trunk shares and Scotch pig iron as 
bring in the precarious high dividends. 

ELEcTric COMMUNICATION BETWEEN RaiLway PassENn- 
GERS AND GuARDs.—The newspapers have this week contained 
accounts of an electrical ——s just put in use upon the South- 
Eastern Railway, for enabling passengers to communicate with 
the guard. Mr. W. H. Preece, telegraph engineer to the London 
and South-Western Railway, who has had almost the same, if 
not the very same apparatus at work for a year, has therefore 
issued the following circular: ‘I think it right to let you know 
that the system of communication between guards and passen- 
gers, tried on the South-Eustern Line on Saturday last, is 
identical with that which has been in practical use upon this 
line for the last twelve months. The only essential difference 
is that I protect the ‘pull,’ or ‘contact-maker,’ in each 
compartment from the depredations of the mischievous and idle 
with a fragile glass cover ( since find that even this is applied). 
In principle they are similar, viz., the use of one wire traversing 
the whole train, bells and batteries being fixed on each van and 
on the engine. There is free inter-communication between 
guard and guard—between guards and driver—and between pas- 
sengers atid guards. ‘Drop-off’ carriages form part of the 
system. Carriages that break away automatically raise the 
alarm. Foreign carriages @an be admitted without interference 
or trouble. I may remark that in my system a train may be 
made up of any number of coaches—may be divided into any 
number of parts—may unite again at any number of junctions 
without interrupting the communication—the carriages having 
only to be coupled up as is now ordinarily done with the bell and 
rope. I should add that it is impossible for the passepgers, by 
accident or wilfulness, to stop the free communication between 
the guards and driver.—I am, sir, your obedient servant, 
W. H. Preece.” 
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THE INSTITUTION OF NAVAL ARCHITECTS. 


Tue seventh meeting of the Institution of Naval Architects 
commenced yesterday, at the Society of Arts,—Sir J. S. 
Pakington, M.P., President, in the chair. ‘The Secretary, Mr. 
Merrifield, read the following report and the balance sheet: 

“The council have great pleasure in congratulating the insti- 
tution on its continued prosperity. 

“The volume just Published contains a large quantity of 
valuable papers and discussions, equal, at least, in importance, 
to those of previous years. The list of papers to be read before 
us at this séssion is one of unusual fulness, and both the titles of 
the papers, and the names of their authors, give promise that 
this meeting will be one of the highest practical interest to the 
profession. 

“ A general index to the Transactions is in course of prepara- 
tion. It has been entrusted to Mr. Merrifield, and it would have 
appeared with the last volume, but for Mr. Merrifield having 
been re-uppointed, on the lamented decease of Mr. Purkiss, to 
the Principalship of the School of Naval Architecture. Part of 
the work is done, and there is little doubt but that it will be 
completed in the course of the year, so as to appear with the 
volume for 1866. 

“ Mr. Charles Campbell has been appcinted Assistant-Secre- 
tary, in the place of Mr. Trice, lalgne 

“ The council continue to watch, with great solicitude, the 
School of Naval Architecture and Marine Engineering established 
by the Government, with the active co-operation of the President 
and Council of the Institution, at South Kensington. They are 
happy to say the school is now in very successful operation, and 
has attracted quite as many students from private sources as 
could be expected, considering its recent establishment. The 
Iinperial Government of Russia has thought it worth while to 
send four students to be trained there. There are nine English 
private students, and twenty-four Admiralty students from the 
English dockyards, making thirty-seven in all. The reports 
made to the Government, show that the scholars are making 
satisfactory progress, and there can now be no doubt that the 
schoul will supply a class of naval architects and marine engi- 
neers thoroughly trained in every branch of their profession, 
theoretical, as well as practical.” 

It was moved by Mr. Scott Russell, seconded by J. H. Ritchie, 
Ksq., and carried unanimously, that the President and Vice- 
Presidents be re-elected, 

It was moved by Admiral Sir Edward Belcher, seconded by 
W. Rice, Esq., und carried unanimously, that the thirty-first 
by-law be amended by adding the words: “In the case of per- 
“sons not British born, the signatures of three members shall be 
“required in confirmation of their personal knowledge of the 
** candidate's scientific reputation.” 





The President then delivered the following address: Gentle- 
men; the usual routine preliminaries, as may call them, 
have now been completed, and the moment has arrived when we 
may proceed to listen to the various papers which are about to 
be caheniead to our attention; but I cannot pass at once to the 
business of the day without availing myself, if you will allow 
me to do so, of this o »portunity to say with what sincere plea- 
sure I have again the sas of meeting you here, and how ex- 
tremely — I feel to see so large and distinguished an at- 
tendance, both of professional men and naval officers, and others 
who take an interest in the welfare of this excellent institution. 
Gentlemen, I address you with the greater pleasure because I 
feel very strongly, as I have felt on former similar occasions, 
that I can only address you in language of sincere congratula- 
tion on the continued prosperity and continued utility of this In- 
stitute of Naval Architects. f think the report which you have 
just heard read adverts in just and well selected terms to the 
proofs which exist of the real merits and the real yalue of this 
lustitution. We may find proof of it, as the report very justly 
says, in that volume of our transactions which records the pro- 
ceedings of last year and the various able papers which were 
delivered to us last year, and we find proof of it again looking 
to what I may now speak of as the future, we find prouf of it 
in this programme which I hold in my hand, and as to which I 
rejoice to observe, as has also been referred to in the report, I 
find for this and the following two days constituting our usual 
veriod of meeting, a full list in point of number of papers. But 

tind also with the greatest pleasure that those papers proceed 
in almost every instance from gentlemen of known eminence and 
ability in connexion with this most interesting science and that 
those papers relate to subjects of the greatest possible import- 
ance and interest. (Hear, hear.) Gentlemen, for myself I will 
only say that the questions that are still pending with regard 
to naval architecture are questions of so much national impor- 
tance, that | might with ease have arranged an address of con- 
siderable length for an occasion such as this, but I feel, and I 
trust your opinion will coincide with mine, that I should really 
be travelling beyond what can be considered my duty in this 
chair, considering how very modest and small ‘are any pre- 
tensions of mine to knowledge upon this subject, if I 
were to occupy any large portion of your time by an 
address from this chair, knowing, as I do, the value of the 
time which is at our disposal, and how desirable it is that the 
largest possible portion of that time, both in our evening and our 
morning sittings, should be devoted to the consideration of the 
papers which will be read, an! of the discussions, no less 
Valuable in my mind than the papers, which follow upon each of 
the subjects referred to. Bat, geatlemen, I cannot address you 
without saying a few words upon one or two points which I 
think ave points of great interest, and, above all, 1 wish to state 
for myself that 1 regard this institution with undiminished 
interest; | regard it with an undiminished sense of its great 
value and its great national importance, and I must be allowed to 
add that I regard it with an undiminished feeling of pride that 
the members of this instjtution continue to do me the honour to 
place me in thischair. (Cheers.) I thank you, gentlemen, for 
the unanimity with which you have done me the honour to 
repeat that election to-day ; but I will avail myself of this oppor- 
tunity to say that I have expressed to the council on a former 
occasion—1 do not think | ever stated it from this chair, 
but | have expressed to the council on a former occasion 
doubis iu my own mind whether it might not be better 








for the welfare and the interests of this institution if 
the office of President were held, as in many other instances, 
only for a limited period of time, and that fresh blood, 
as the common phrase is, might from time to time be 
introduced into the occupation of this chair. Such is really 
the doubt which exists in my own mind, and I can only say 
that I hope no feeling of personal respect, and no false feeling, 
as I should call it, of delicacy would for a moment deter either 
the council of this institution, or the institution at large, from 
acting upon that idea, should it become, as I think it might well 
become, a prevalent idea, and that I should at any moment be 
quite ready cheerfully to bow to that decision, and lay down the 
honour you have so long allowed me to enjoy of being your 
president. (Cheers.) Gentlemen, thinking of the continued 
welfare of this institution, I was very glad to hear you had done 
me the honour to re-elect me, and that you were unanimous in 
re-electing your vice presidents and your council, for I may say 
that my experience in this chair teaches me this, that I do not 
think you could possibly improve upon the lists which constitute 
those officers. (Hear, hear.) But, gentiemen, there was one 
omission in the form of re-election which I confess struck me with 
a feeling of regret. I am happy to say that nothing has im- 
peded the growing prosperity of the institution ; but I must say I 
think if there is any one thing which would add to our prospects 
it would be reverting to that system which we had for some 
time the advantage of having, namely, that there should 
be an officer of this institution, called the permanent secretary. 
(Hear, hear). We had at one time, as you are all well aware, 
the great benefit of the assistance of Mr. Reed as the permanent 
secretary of this institution. He was the secretary at the com- 
mencement, and he held that office until he was appointed to a 
higher office, which of course obliged him to retire from the 
secretaryship. From that time the loss we then sustained has 
been supplied as efficiently as possible by the services of gentle- 
men who have undertaken to act as what we have called an 
executive committee; but they are gentlemen who, from their 
vocations, are not in a position which enables them to give that 
constant attention to the interests of the institution which we 
should have a right to expect and enjoy from a permanent 
secretary, if we had that officer. I have no hesitation in ex- 
pressing my sincere opinion that the loss of Mr. Reed as our 
permanent secretary was a great disadvantage to this institution 
which we have never altogether overcome (hear, hear), and I 
throw it out now in the hope that the difficulty may be over- 
come—for I believe that really the ouly cause why we have not 
a permanent secretary is the difficulty of finding a gentleman 
who is competent and willing to devote his time to that office. 
(Hear, hear.) I have heard it remarked this very morning by 
one of the council, and I think it is a remark in which there is 
a great deal of truth, that he thought the very fact of the diffi- 
culty which exists in finding a person both competent and 
willing to fill the oftice of permanent secretary to this institution, 
is of itself a proof how necessary to the maritime interests of 
this country, this institution is.—I will not follow this fur- 
ther; I merely mention it to state our abiding sense, I may 
say, of the loss which we sustained when Mr. Reed was com- 
pelled to give up his office, and my earnest hope that the diffi- 
culty will at length be overcome, and that we may succeed in 
tinding some gentleman who may be willing and who is worthy 
of becoming the permanent secretary of this institution. There 
is another point, gentlemen, upon which I must be allowed to 
express my very great satisfaction, and that also is adverted to 
previously in the report—I mean the growing success of the 
School of Naval Architecture. I heard this morning, and I 
agree entirely with the observation, that were this institution, in- 
stead of being, as it is, prosperous and growing, at this moment 
to be closed—if we never were again to assemble in this room of 
the Institution of Naval Architects, it would have been well that 
we had been called into existence, for I think we should have 
done good service to the country, if it were only in the ser- 
vice we have done in the establishment of that long-wanted 
institution, a School of Naval Architecture. (Hear, hear.) 
We may find some proof of the value of the institution not only 
in the growing number of the students, not only in the excellent 
lectures that have been and are about to be delivered, not only 
in the studies the students are already commencing in the 
various engineering and shipbuilding yards, but in addition to 
all those facts we have the gratifying fact announced to us to- 
day that, no less than four students have come from Russia to 
benefit from the teaching which they may derive from this school 
of naval architecture. (Applause.) Gentlemen, there is only 
one other point upon this to which I may advert, as to which 
I have felt some degree of delicacy, so much so that I have hesi- 
tated whether to touch upon it or not; but the more experience 
I have in public affairs, the more I come to the conviction that it 
js the best way to face the truth. It is always better to face 
fuets as they stand, and then we know what we are about. The 
only drawback of which I have yet heard to the prosperity and 
success of this schvel of naval architecture arises from the 
fact that I understand a considerable proportion of the private 
students come to pursue their professional studies in this 
school, without having that previous training and education 
which is desirable in order to enable them to commence 
their professional studies with advantage. Now this every 
one will at once see touches upon one of the most difficult and 
one of the most interesting problems of the present day, : 
problem now under consideration, and I hope with every pro- 
spect of an advantageous result being come to—I mean tlie 
problem of how we can best encourage and improve the educa- 
tion of the middle classes. It is a great question—a question 
into which I will not in the slightest degree enter now, but | 
only throw this out as a matter which may, from being stated 
upon an occasion like this, attract some degree of public attention, 
and may possibly inspire respectable persons of the middle class 
with the feeling that if they make up their minds in time that 
their sons are to pursue this fine profession of naval architec- 
ture—for it is a most splendid profession in my mind—they 
will be consulting their own advantage as well as improving the 
training that they may receive for the benefit of the country, 
and will be greatly facilitating their own objects in life, if they 
take care to have a little better training, a little more scientific, 
and, I suppose, mathematical education, before they commence 
their studies in the school of naval architecture. There 
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are one or two points in connexion with our immediate 
objects which I think require very grave consideration, and 
which I hope will receive it both from the papers and the dis- 
cussions before this meeting. We all must feel that the question 
is yery deeply interesting to our national welfare at this moment 
between what is called the box system, adopted by our friend 
Mr. Reed, and the turret system, recommended and urged by 
Captain Cowper Coles, is still unsolved. I do not presume from 
this chair—in fact, I feel myself unqualified to do soto give 
utterance here to any decided opinion as between those two 
systems. All I venture to say is this—and this has been the 
scope of what I have repeatedly felt it to be my duty to say in 
my place in the House of Commons—that I blame the Admi- 
ralty not because they have not adopted Captain Cowper Coles’s 
system, but because, having acknowledged that that system is 
worth trying, they have been too long in giving it a satisfactory 
and a fair trial. That is the scope of what I have said. I see 
there is to be a paper read with regard to the turret system 
which has been adopted in America; but although this ‘is no 
doubt a practical question upon which it becomes the duty of the 
Admiralty to exercise their own discretion, and to act upon 
their best judgment for the interest of the country, still it isa 
— of so much importance that when a large body of highly 
istinguished and accomplished men of science come together 
upon an occasion of this kind, 1 certainly think it may conduce 
to the public advantage if the attention of this institution should 
be given to the consideration of that most interesting question, 
(Hear, hear.) I am sure I need not say, after what has already 
fallen from ne, that nothing would afford me greater pleasure, 
not only upon personal grounds, but upon grounds of the highest 
national importance, than upon being able to congratulate Mr. 
Reed, in his present position, upon complete success in any part 
of what he, in that high and difficult position, undertakes, and 
I am very much in hopes, from what I have lately read in the 
public journals, that Mr. Reed may be congratulated upon the 
success of the Bellerophon. No doubt Mr. Reed is trying (and 
it would be very disingenuous not to acknowledge it), a great 
number of experiments as to the construction of those ships, and 
his main view is to see whether or not he can combine the speed 
and the other acquirements of a perfect man-of-war without 
going to that very great length, and that very great size which 
the earliest specimens of our armour-clad ships have given. If it 
is inevitable, we must do it, but no doubt it is in itself a disad- 
vantage, and I imagine that is the object which Mr. Reed is 
endeavouring to attain. In passing, I would only say that I hope 
and trust the Bellerophon may be a great success, and if she is 
a great success, nobody will more sincerely congratulate Mr. 
Reed upon it than my myself. I would throw out this sugges- 
tion—perhaps you will smile at it, because, as compared with 
national objects, what I am about to mention must be considered 
comparatively unimportant—but we Englishmen must all 
feel that in former days we took pride not only in the 
efficiency, not only in the power of our men-of-war, but 
we looked at them and took pride also in their beauty. 
(Laughter.) Whether it is the fault of Mr. Reed,—whether it 
is the fault of these inevitable changes, I know not. I hope 
the power has improved. I hope the efficiency is greater than 
ever; but, alas! the beauty has gone, for anything so frightfully 
ugly, (and it is of no use to mince matters of tliat kind) as a 
great number of our new men of war, never was seen upon 
the surface of the waters, and whatever advantages in other 
respects that peculiar plough bow may have, certainly it 
is not ornamental which, I think, Mr. Reed himself will 
admit. I, therefore, wish he, with his talent and ingenuity 
would contrive some plan for making these ships, with- 
out being less efficient, a little better looking. Gentle- 
men, there is one other topic, and only one other, to which 
I will allude. Iam afraid I am deviating from the profession with 
which [ started; but there is one other subject which I cannot 
find it consistent with my duty to conclude these observations 
without noticing. You may possibly have observed within the 
last few days [ have thought it my duty, as a member of 
Parliament, to bring under the notice of the House of Commons 
the deplorable event which must have struck deep, I am sure, 
into the heart of all the British public—the loss of the London 
passenger ship. (Hear, hear.) The circumstances of the sad 
event of the loss of the London, accompanied as it was by the 
simultaneous loss of another ship of still larger size, and of a 
higher reputed character, was, I think, an event so remarkable 
that I should be very sorry indeed if this annual meeting of this 
institution were to pass by without some notice being taken of 
the extraordinary circumstance of the loss of the ship, and 
without some discussion upon what we suppose to be the 
causes of the loss, and the faults, if any, of the construction 
of those ships. Really, gentlemen, I think this question, 
touching as it is to all our feelings as men, can hardly be 
considered as less important even than the construction 
of our men-of-war. It is absolutely essential that our 
fellow subjects in passing across the seas between our C0- 
lonies and the mother country should inave the advantage of 
every protection which the science of naval architecture 
can give them. It is absolutely essential, and I hold that 
Parliament would fail in its duty; I hold that her Majesty's 
Government would fail in their duty; 1 hold that, as an 
assemblage of men conversant with this subject, that we 
should fail in our duty if we were to allow that terrible 
event to pass without its impressing upon our minds the 
absolute duty that everything should be done to prevent 
the recurrence of such an event. Had it been the common 
wreck of a ship against a rock, had it taken place in the 
usual mode by which the many dangers of the seas lead to 
the loss of human life, the thing might have been passed by as 
an ordinary occurrence ; but when we find, as I pointed out the 
other day in the House of Commons, that these two splendid 
ships sank to the bottom at the same moment that little boats 
and ordinary sailing vessels were enabled to go about and to 
move over the water in safety, there must be something worthy 
our attention. There must be sometiing either in the over” 
loading of these ships, or in the mode of stowing the cargo ol 
these ships, or in the original construction of these ships, which 
makes them more peculiarly open to danger than other a 
ordinary ships. Should I be encroaching too much upon your 
time if I read a passage from a letter, written in an admirable 
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Da therefore, perhaps, I_am hardly at liberty to mention the 
name. It is written from Paris, but the gentleman is an English- 
man, and he refers me to several friends of my own in the 
House of Commons as to who and what he is. For many years 
he was the captain of a ship trading to Australia, and in his 
letter he raises the question whether or not the manner in which 
the cargo of iron on board the London was stowed, might not 
have been in part, if not altogether, the cause of the dreadful 
misfortune which befel that ship. He writes thus: ‘* Many 
years ago I was in command of the ship”—(I will not mention 
the name of the ship)—‘“‘ taking passengers and cargo to New 
South Wales, precisely as the London was to Australia. In 
Joading the’ship, I was anxious to save every inch of room, 
for space in such cases is money. A large proportion 
of the cargo consisted of iron, precisely the same as in 
the London. Instead of stowing the iron, as it ought to 
have been stowed, distributing it over a wide space, and leaving 
a considerable space between the bars, I had it stowed almost 
in one solid lump, saving by this mode a few tons of space. 
But | found the dangerous effects of it when I got to sea. The 
enormous dead weight at the bottom, caused the ship to roll 
deep from one side to the other with such sudden lurches that 
it endangered the masts when before the wind, and rendered 
the shipping of water on both sides most dangerous even in 
moderate weather, and with the wind on the side, however hard 
it blew, the ship was so stiff, always in fuct sitting upright, 
that whatever water came over the weather side remained on 
deck and of course the ports were kept open to let it out. Fortu- 
nately we had not during the voyage any very severe weather, 
as if we had been overtaken with a severe storm, I believe our 
fate would have been the same as that of the London.” Gen- 
tlemen, I thought the question, not only of the cargo which 
these ships can carry, but also the mode in which that cargo 
js stowed, was so important, that you would like me to read 
this extract from this interesting letter. It will explain in 
some degree—for all I know, it may explain altogether—the 
melancholy fate of the London, but I am not aware that it 
throws any light upon the fate of the Amalia, which is no less 
striking than that of the London. But, gentlemen, you know 
these facts as well as I do, and I will not detain you longer by 
adverting to them. I have adverted to them only because I 
wished to take this opportunity of expressing my opinion that 
this meeting ought not to pass by without some discussion upon 
this most important question. Regulations must be made, 
ships must be built for the convenience of passengers, but 
they must not afterwards be unduly loaded with cargo, so as 
to be unsafe upon the sea. The passengers who pass to and 
fro are not judges of the question; they can take no precau- 
tions for their own safety; it is to the skill and science of those 
who build these ships, that the passenger trusts, and to the care 
which the Legislature and the Government are bound to take of 
their subjects. Under these circumstances I do sincerely trust 
that there will be a discussion upon this subject. I am happy 
to see that there are papers to be read this very day which bear 
upon this question. It will give me great satisfaction if this 
annual meeting of the Institute of Naval Architects shall be 
enabled to afford any assistance, or to throw any light upon this 
most interesting question. In conclusion, gentlemen, I will only 
say that I hope the rule of former years will be adhered to 
—namely that no paper shall exceed twenty minutes, no discus- 
sion forty minutes, and no speech ten mintes. I hope I shall be 
supported in carrying out this arrangement, and I now thank 
you for the attention with which you have listened to me. 
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Mr. E. J. Reed, the Chief Constructor of the Navy, read 
a paper, in which he expressed his object as that of placing 
before the institution a simple record of facts concerning the 
latest adopted forms of naval structures intended to resist shot 
and shell, He would describe the manner in which the various 
targets were constructed, and why their several forms of con- 
struction had been successively adopted. 
If we neglected the smaller iron-clad vessels of our navy, such 
as the Scorpion, Wyvern, Enterprise, Favourite, and some other 
vessels of like tonnage, and if we neglected also the wooden 
frigates which are plated with 44 in. armour only—and we 
Inight without disadvantage neglect all these in studying the 
development of our iron-clad fleet with a view to future action— 
we night say that five different, or rather modified, systems of 
construction had been successively adopted in her Mayesty’s 
armour-plated ships, these systems being known by the names 
of the five ships, Warrior, Minotaur, Bellerophon, Lord Warden, 
and Hercules. We might in strictness neglect the Lord Warden 
system, as it is essentially associated with wooden hulls, the 
Construction of which for receiving armour plating and powerful 
engines will no doubt soon cease in this country. 
Neglecting the small floating batteries built during the Russian 
war, the Warrior was the first iron-clad ship designed in this 
‘ountry. In constructing her side to resist shot and shell, her 
designers had before them a most difficult and obscure problem 
to solve, and it is gratifying to know that they solved it with 
marked success. ‘Ihe Warrior target remained unequalled long 
alter other minds had been brought to bear upon the problem 
The Warrior’s side and the Warrior target (for the two 
stra tures are alike) were composed of a series of vertical iron 
ae 10 in, deep and about 2 ft. apart, covered with a skin 
thickese sof an inch thick, against which were placed two 
ecu of teak, the inner 10 in. thick and the outer 8 in., 
! being faced with a 4} in, armour plate. 
PR dona also embodied in this target two subordinate, but 
skin = owed a ney components or features, viz. the double- 
strianer mde ove and below the line of ports, and the external 

re $ upon the iron frames between the ports. 
= aoe target differed from the Warrior mainly in the 
weicht t } its wood backing and in an increase of equivalent 
bloc tee’ armour, A single layer of 9-in. teak and armour 
deers, = oom were used in this, the frames and skin plating 
that this target | Ley same. For a long time it was supposed 
and there wees rs proved much — that of the Warrior, 
repeatedly com enn per _ to pu ~~ und strongly and 
letiler i = — t iat had been made from the 
cumues Li ’. Mr. Reed was never able to join in that 
umself, and when it became his duty to consider with 
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the Controller of the Navy and his officers how the Bellerophon 
might best be built in this respect, they ventured to adhere to 
the reduced thickness of wood backing and the increased thick- 
ness of armour, notwithstanding the outcry against them. It 
was stated that all the gloomy and disparaging comparisons 
which were drawn between the Warrior and Minotaur targets 
have recently proved to be in error, it having been discovered 
that what is known as 2 A powder was used with two out of the 
three rounds of 150 lb. cast-iron spherical shot which were fired 
from the 10}in. gun at the Minotaur target, the effect of using 
this powder having been to raise the striking velocity of the shot 
from 1620 ft. to 1744 ft. per second. The change in the powder 
was made immediately after the first round, and invalidated all 
the comparisons that were made in and after the report of the 
trial. ‘The Minotaur, Agincourt, and Northumberland are now 
known to possess much greater strength than has been supposed, 
and are in all probability at least equal to the Warrior in that 
respect. 

The Bellerophon’s target was next described, and in order to 
make the principles of its construction clear, were mentioned 
the two points in reference to which the Warrior and Mino- 
taur targets appeared susceptible of improvements. It seemed, 
first, that a great addition to the general stability and strength 
of the structure might be secured if the strong vertical iron 
frames of the ship were crossed horizontally by other frames of 
approximutely equal strength and spaced like the vertical frames ; 
and secondly, that the risk of shot or shell passing through the 
structure between the frames would be greatly reduced, and the re- 
sistance ofjthe frames much more effectually elicited wherever a 
shot or shell might strike, if the skin of the ship were considerably 
thickened. In other words, it appeared highly desirable to ex- 
tend throughout the entire structure that double skin plating 
and those external frames or stringers which had pri? been 
introduced. ‘These features constitute the characteristic merits— 
for they proved on trial to be merits—of the Bellerophon target, 
and it had been a pleasure to Mr. Reed, and not by any means a 
subject of regret, to know that the germs of these improvements 
might be traced in the structure designed by his predecessors, 
By virtue of them we secured many important objects. The 
combined horizontal and vertical 10 in. frames, connected by the 
double skin of } in. iron, constituted an enormously strong and 
rigid structure, eminently well adapted to sustain the armour 
under all circumstances; while both the double skin and the 
external stringers (to which butt straps were fitted in the Bel- 
lerophon herself) increased the longitudinal strength of the 
ship to a most unusual extent. 

The armour of this target was 6 in. thick, and the teak 10 in, 
and instead of forming the external frames or stringers of a plate, 
and two angle irons, as was done in the Warrior, they were 
formed of one large angle iron, 10 by 3$in. It has been sup- 
posed, and stated publicly on many occasions, that these edge 
plates were adopted in imitation of a quite different system, and 
with the view of rigidly backing up the armour. This, however, 
is wholly a mistake ; for much as Mr. Reed, for one, would like to 
banish the teak from our iron-clads, and to make their hulls of 
iron throughout, he was of opinion that a rigid iron backing has 
many disadvantages. In fact, so far was he from valuing these 
edge plates as direct armour supports, that he caused them to 
be reduced in depth behind one of the plates of the target, and to 
a large extent in the ship also, expressly in order to keep them 
from too immediate contact with the armour; and this was done 
because it appeared undesirable to bring the force of a blow 
so directly and fully upon that portion of the hull proper 
of the ship which is immediately in front of the shot, as these 
plates toe, | otherwise tend to bring it, especially if placed closer 
together. We put armour upon a ship to protect the hull, which 
we require to preserve from the blow as effectually as possible. 

Mr. Reed next passed to the consideration of the Lord 
Warden target, concering which a very few words would 
suffice. In the first instance the Lord Warden was to have been 
an ordinary wooden frigate, side plated with 4} in. armour plates 
and therefore affording but little scope for even attempts at im- 
provement. There was, however, room for one change which 
appeared desirable, viz. the solidification of the frame in the 
wake of the armour. There were disadvantages attending this, 
but the advantage, in the case of an armour-plated ship, ap- 
peared to far outweigh them. The advantage consisted in this— 
that by the simple device of filling the timbers in solid, for which 
purpose no very great weight of timber was necessary, we. at 
once make them treble the depth of the side through which a 
shot or shell must penetrate in order to let water into the ship. 
If we considered the case of an ordinary wooden iron-clad frigate 
between wind and water, it would be observed that so soon as 
we had penetrated the armour and outer planking the water 
was perfectly free to pass down through the openings of the 
frames and sink the ship, even before the frames themselves 
were materially injured. But fill in the openings, and we 
should thus inake the frame solid, and the inside of the ship 
was at once protected from such a catastrophe until the entire 
solid side—plating, outer planking, frames, and inner planking— 
had been all successively pierced. This was considered to be an 
ample reason for solidifying the frames in the wake of the 
armour plating of wooden frigates, and that was accordingly 
done in the case of the Lord Warden and in her sister-ship, the 
Lord Clyde. Had this not been done, there would have been 
but 9in. of plank between the inside of the ship and the 
armour; but with the fillings fitted we had a thickness of 
about 2 ft. 7 in. of solid timber behind the armour. 

After the armour for these ships was ordered, and during the 
progress of the hulls, it became highly desirable to add, if prac- 
ticable, to the strength of the side in the wake of the battery 
deck, and it was found that by modifying other weights the ship 
could carry an extra ]}in. of iron plating for a depth of 10 ft. 
entirely round the hull. The question then arose, in what 
form and in what manner could this additional iron be best 
applied, observing that, as the armour was already manufactured, 
the thickness of the solid plates could not be increased. Should 
the extra plate be put inside the main armour plate and in 
contact with it; or on the frames of the ship behind the plank- 
ing; or on the frames of the ship, but inside; or inside of the 
inner planking? In Mr. Reed’s opinion there was but one proper 
place for it, viz. where it was placed—between the frames and 





A ship’s side has to resist both shot and shell, and one of the 
most important things to guard against is the explosion of a 
shell within the wood backing. When the Warrior was 
designed it was very improbable that any shell would pass 
completely through the 4} in. armour, and explode in the back- 
ing, and therefore a great depth of wood backing was un- 
objectionable on this ground. But as Mr. Whitworth, Sir 
William Armstrong, and others improved their shells, this 
contingency became probable, and hence it appeared most im- 
portant to so adjust the thickness of the backing and armour 
that a shell which was large ‘and powerful enough to. pass 
through the armour should be too large to bury itself wit hinthe 
backing and explode there. If this were not regarded it is 
obvious that a single shell might strip several armour plates 
from a ship's side, and expose her to speedy destruction. In the 
Bellerophon target this was carefully regarded, as it was not to 
be expected that a shell large enough to break ‘throngh a 
6-in. armour plate would be less in length than the thickness of 
the backing, viz. 10 in.; and the importance of the precaution 
was signally illustrated, for the shell that did penetrate the 
plate was stopped by the stout iron skin before it got «within 
the armour, and consequently exploded harmlessly backward 
through the hole which it had made. By placing the extra iron 
plate of the Lord Warden upon the frames of the ye as before 
described, the same object was accomplished there also, so that 
a shell piercing the 44 in. plate might encounter the 14 in 
plate before it had space to bury itself. 

In the Hercules target, which was néxt briefly described, the 
same principle of construction had been carried out. Inthe 
Hercules herself provision had been made for 9 in, armour at the 
water line, and for wood backing varying from 16 to12in. It 
was considered that in this case, also, it was out of the question 
to suppose that a shell which could penetrate a 9in. plate would 
be of as than 12in. in length, and consequently, in this case 
also, it was presumed that the armour plate, the backing, and 
the skin of the ship must all three be pierced before a shell could 
do any serious injury to the structure. 

The arrangement of frames, skin plating, external girders, 
and armour plates of the Hercules target, resembled those of the 
Bellerophon (although differing somewhat in dimensions), but 
there was a further source of strength in the former which the 
Bellerophon did not possess, viz., a second wood backing, sup- 

rted by a second series of frames and skin plates. This part 
of the construction was adopted, not for its‘supposed excellence 
as a shot resisting arrangement, in the abstract only, but as a 
means of making good use of the wing bulkheads, These wing 
bulkheads in the Warrior, | A wadbr eg and other ships, served 
the treble purpose of acting as a second line of defence against 
splinters and debris, of serving to stop the flow of water from an 
injured place in the side to the hold of the ship, and of enclosing 
a passage by means of which access to the ship’s side could be 
obtained conveniently for effecting repairs and for other pur- 
poses. In the case of the Hercules, where it was necessary to 
provide for resisting the shot of 20 ton guns, it was considered 
that such a bulkhead would not be required all the time the ship 
had to withstand guns of moderate size and power; and that 
against larger guns it would be a more effectual defence if placed 
nearer to the side, and made to support additional teak logs, 

laced between it and the skin proper of the ship. For this, and 
or other reasons, the Hercules target was constructed as de- 
scribed ; and although it was actually penetrated at Shoebury- 
ness by two 600 Ib. projectiles, fired with 100 1b. of powder in 
each case, striking in succession upon nearly the same spot, it 
was no doubt proof to any single shot fired from any gun that 
existed in the world. 


(For remainder of papers, see page 190.) 








FAIRLIE’S LOCOMOTIVE. 

A Frew weeks ago we gave a description* of a locomotive con- 
structed, on Mr. Fairlie’s system, by Messrs. James Cross and 
Co., of St. Helens, for the Neath and Brecon Railway, and we 
now give illustrations showing the arrangement of another of 
Mr. Fairlie’s engines built by the same makers for the Anglesea 
Railway. Our engravings, which were prepared from drawings 
kindly furnished by Messrs, Cross an €o. comprise a half 
longitudinal section, half plan, and part transverse seCtion 
through the smokebox. In the article already referred to, we 
explained the —— of Mr. Fairlie’s system, and it Will, 
therefore, be only necessary in the present notice, that we should 
describe the engine shown by our illustrations. 

The boiler consists of two barrels, each 9 ft. 4 in. long and 
2 ft. 9 in. in diameter, united to a central firebox casing. This 
firebox casing is 5 ft. long, 3 ft. 5 in. wide, and 5 ft. high, the 
top being raised 4 in. above the barrels of the boiler. The inside 
firebox is 4 ft. 4} in. long, 2 ft. 10 in. wide, and 4 ft. 8 in. high 
inside; the roof being stayed by seven longitudinal roof stays 
6 in. deep in the centre, and 2 in. thick. The firedoor is situated 
at the side of the firebox. Each barrel contains ninety-nine tubes 
1g in. in diameter, these giving in all 804 square feet of tube 
heating surface, whilst the firebox heating surface amounts to 
54 square feet, making the total heating surface 858 square feet. 
A doine, 1 ft. 2 in. in diameter, and 1 ft. 9 in. high, is placed on 
the top of the firebox casing, and within this is situated the 
regulator, from which steam pipes lead to each of the two smoke- 
boxes, the one regulator governing the supply of steam to both 
pairs of cylinders. The barrels of the boiler are made with lap 
joints, and are united to the smokebox tube-plates and firebox 
ceasing by rings of 3 in. angle iron. ‘The end plates of the firebox 
casing are flanged over for attachment to the side and crown 
plates, and the plates of the inside firebox are set out at the 
bottom and rivetted directly to the plates of the firebox casing, 
no ring being introduced between the two. The boiler is carried 
upon two forgings, fastened one on the underside of each barrel 
at the middle of its length, The lower part of each of these 
forgings forms a pin 5 in. in diameter, and 1 ft. 2} in. long, 
which enters into a casting connected with the frame of the 
engine in a manner which will be described presently. The 
smokeboxes, which are of the form shown in the transverse sec- 
tion, are each 2 ft. 2in. long and 3 ft. 34 in. wide; and the 
chimneys are 10 in. in diameter, and 10 ft. high above rail level 








outer planking of the ship. 


* ENGINEERING, January 12th, p. 20. 
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connecting frame placed around the firebox casing. Each 


wheels; these are 4 ft. in diameter, and are placed at a distance 
of 6 ft. apart, from centre to centre, the extreme wheel base of 
the engine being 19ft. lin. The cylinders, of which a pair 
are fitted to each bogie, are 10 in. in diameter, with a stroke of 
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The frame of the engine consists of three parts: tlie two | being connected with the blocks of the expansion links, by links Lo one See ee — ‘The side frames are $8 
bogies, each carried on two pairs of coupled wheels, and the | formed with a _ crank, = a a — _ Suk ont Nemes ow depth of 12 in., this depth being increas 
the cylinders, as shown by tlie longitudinal section. The revers- : , Peat the park to which the cylinde —— 
bogie is, as we have said, carried on two puirs of coupled | ing gear is arranged as shown bog Ae, so — a . prt es i eceeneunte eg nn apart of seat 
ivelli t s. The valve g ed. ram ' «end DI 
both, os aoa yy, Na mea lever placed acne the | 4ft. Lin. The side frames are connected at the fire 


: . . is te being curv Corne 
outside of the footplate, ‘as shown in the plan. ‘The crank pins | a plate 12in. deep, forged solid with them, this oe ae Pete 


: : f the bogie pin. er 
of the wheels next the cylinders are made with recessed collars, to an are struck from the centre 0 eB buffer plate inside 





: i nnected by un iron | 
1 ft. 4in., the transverse distance between the centre lines being | as shown in the section at the upper part of the plan. The | _ end, the gerd nag menage — - a. transverse, pst cents 
The cylinders are secured by flanges above and below | axles are 5} in. in diameter between the journals, 5} in. at the ay de a: ced in a line with the inner ends of the cylin = Br: 

the steam chests, these latter being passed through the frames. | journals, aud 6} in. at the wheel seats, the journals being 7 in. | 2 ft. deep, pla plate, 


The pistons are of cast iron, and are fitted with Ramsbottom’s | long and 3 ft. 10in. pry i i.e be gee Fn -_ 
The connecting rods are 4 ft. 11in. long, from | boxes are of cast iron, and the springs (which eac +g, agile ie : tothe stays between 
centre to centre, and are coupled to the wheels next the firebox. | ten plates 3}in. by }in., and have a span of 1 ft. 10}in.) are | irons; it is also attached to . 

The valve gear is of the shifting lin 





Midway between the two axles is pieced ee ee ang 
2 ft. 3in. deep, and secured to the side fra the bottoms ot t 


sept sagt io, 
| hornplates. ‘This plate carries the casting in which the bogie P 





k kind, the valve spindles ' arranged on the top of the frame above the axles, 
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attached tothe barrel of the boiler, works. Diagonal plates 10 in. 
deep, also extend from this casting to the side frames near the 
cylinder, and to the transverse arched plate next the firebox, as 
shown by the plan. Around the firebox casing is placed a frame 
formed of a plate 12 in. deep, the ends of this frame being curved, 
so as to fit against the arched ends of the bogie frames. At each 
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Corner of this frame a clip is placed; these embrace the bogie 
frames, and are secured to them by flat pins passing down the 
inside of the frames, as shown in the plan. This arrangement of 
—— frame and clips thus connects the two bogie frames 

der. 


Brake blocks are applied to that pair of wheels of each bogie 








Fic: 9. 


which is next the firebox. The two brake blocks of each pair of 
wheels are connected by a transverse plate extending from one to 
the other, and to the centre of this plate is attached one end of a 
rod, the other end of which is coupled to a horizontal lever work- 
ing on a pin fixed under the ashpan. The end of this lever is 
connected by a link with the vertical bell-crank lever carrying 
the nut in which the brake screw works, this |.tter being situated 
on the fireman’s side of the engine, or that on which the fire 
door is placed. The arrangement of the brake gear is shown by 
the plan. 

=. In order to prevent the working of the bogies from breaking 
the joints of the steam pipe connecting the cylinders with the 
boiler, these pipes are bent so that each forms a complete coil 
round its respective smokebox, as shown in the transverse sec- 
tion, the length of this coil of pipe giving it sufficient elasticity 
to allow of one end following the movements of the bogie 
frame. In the case of the exhaust pipes the same end is at- 
tained by making them with the arrangement of ball and socket 
joints shown in the transverse section. ‘The holes in the bottom 
of the smokeboxes through which the steam and exhaust pipes 
pass, are made sufficiently large to allow of the ‘play ” of the bogie 
frames, and are covered by sliding plates. The shackle for the 
drag chain at each end of the engine is attached to a block 
working in a curved horizontal link fixed in front of the buffer 
beam as shown in the plan. The slot in this link is curved 
to an are struck from the centre of the bogie pin, and an india- 
rubber cone is placed under the nuts of the bolts at each end 
of it which secure it to the buffer beam. The water is car- 
ried in tanks, placed on euch side of each barrel of the boiler, 
these tanks holding altogether 900 gallons. Coal boxes with a 
capacity of 30 cubic feet are also provided on the footplate. 








DRAWING INSTRUMENTS. 
Very few books on mathematical instruments have 
been published in this country, and a really practical 
work like the volume* just published by Mr. Stanley 





* A Descriptive Treatise on Mathematical Drawin 
ments, their Construction, Uses, Qualities, Selection, Preserva- 
tion, and Suggestions for Impr t; with Hints upon Draw- 
ing and Colouring. By Witt1aM Forp StaNnLey. London: 
Published by the Author. 1866. 
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is therefore a useful addition to our professional litera- 
ture. Mr. Stanley has divided his book into two sec- 
tions, the first treating of “ drawing instruments used 
“to produce lines and geometrical figures,” and the 
second relating to “drawing instruments used as 
“ guiding edges, instruments for measuring, and 
4 » sr materials :” these sections are subdivided 
into thirty-four chapters, each of which contains an 
account of instruments for special purposes. 

The first chapter describes the “sets” in which 
drawing instruments are generally sold, and contains 
some valuable hints with reference to their selection. 
In the seven following chapters Mr. Stanley treats 
separately all the drawing instruments in general use, 
such as drawing pens, compasses, dividers, bows, &c., 
and describes many new forms introduced by himself. 
Amongst these are the forms of needle points shown 
in Figs. 1 and 2, respecting which he says : 

“In the point above illustrated (Fig. 1) which the author has 
patented, and which has been already described as applied to 
the pricker, the needle is held by passing it through the head 
of a bolt, and drawing it tightly to the leg of the compasses by 
a milled-edged nut. This has many advantages; it does not 
impede the vision, as the needle is clamped # considerable 
distance from the point of the compasses, and in such a manner 
that it cannot slip. The needle is also held quite firmly at the point 
by being pressed into a conical hole, whose apex is the point of 

e compasses ; this hole has no slit, therefore the end of the 
compasses does not drill the paper; another feature is, that the 
needle is easily replaced. : 

“The author has also patented another manner (Fig. 2) of 
holding needles, by which, when any pressure is placed upon the 
needle, it springs up the point of the compasses, and prevents 
them making a hole beyond the surface of the paper, This is a 
convenient point for a heavy hand, or for drawing tracings, but 

rhaps not to be recommended so much as the last described 
for ordinary work ; principally from the reason that it is difficult 
to find the centre from which a circle has been stuck; however, 
both the above points may be supplied to one pair of compasses, 
and will jointly be adapted to all requirements.” 
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Mr. Stanley’s-remarks about the joints and points of 
compasses in the fourth and fifth chapters are particu- 
larly sound. Amongst the forms of bow pen described 
is that shown by Fig. 3, which has been Solesal with 
the object of keeping the points in a vertical position 
at all openings of the bow. This is effected by fixing 
a bar below one of the joints of the leg of an ordinary 
double-jointed bow at right angles to it, a tube being 
similarly attached to the other leg. The bar slides 
within the tube, and thus keeps the points erect. The 
beam compasses with adjustable point, shown by 
Fig. 4, were invented by a gentleman connected with 
the India Office, and several of them have been made 
for the Government public works in India. They are 
thus deseribed by Mr. Stanley : 

“ This adjustment is extremely simple and very effective ; it 
is shown in section in the illustration, Fig. 4. It consists of a 
long pin, shouldered at about the centre, the upper portion from 
the shoulder is accurately fitted to the beam head, so that it will 
turn with even motion. A milled head placed on the top of the 
pin secures it in its position, and forms the means by which the 
pin may be revolved. The point of the pin below the shoulder 
is bent, so that the extreme point is about the tenth of an inch 
eccentric to its axis. It will be readily seen that by moving the 
milled head any portion of a revolution, the point will either 
recede from, or advance towards, the point upon the second 
beam head. The merit of this adjustment is, that the hand is 
directly connected with the point, so that you may feel as well 
as observe the exact movement of the point.” 

The ninth chapter of Mr. Stanley’s book is devoted 
to the description of instruments for drawing ares of 
large radii, and the tenth to instruments for striking 
ellipses. ‘The elliptic trammel commonly used for this 
purpose has the disadvantage of limiting the smallness 
of the ellipse which can be drawn by it by the size of 
the central cross, whilst in Finney’s and other ellipto- 
graphs the size is limited by the distance between the 
supporting legs of the instrument. For these reasons 
Mr. Stanley prefers the semi-elliptic trammel shown in 
Fig. 5, which he thus describes : 

“ Although this instrument will ovly produce half of an ellipse, 
it is in all respects for this purpose more perfect than the last 
described, as no exact limit is made to the size of the semi- 
ellipse it will produce; it also has the merit of being easily and 
correctly set, as the face of the instrument may be placed against 
the line of the conjugate axis, instead of over it. The principle 
of its action is the same as that of the elliptic trammel, making 
use of three arms of the cross only, which enables the slides to 
pass each other on different planes, the conjugate slide being 
placed in a vertical position along the front of the instrument, 
and the transverse slide, as in the elliptic trammel, on the top. 
This plan also enables the slides to be made much longer, 
thereby causing them to work fhore smoothly. The dispensing 
with one arm of the cross allows the centre to be approached, so 
that small semi-ellipses may be produced. As the instrument 
is generally made, it will produce perfect semi-ellipses from two 
to twenty inches conjugate axes,” 

In the three following chapters, instruments for 
drawing spirals, parabolas, hyperbolas, and conchoids, 
are described, on the mode of using them explained. 
We quote Mr. Stanley’s description of his conchoido- 
graph. 

“The writer's conchoidograph, consists of one straight metal 
rule, to the centre of which another similar rule is jointed at 
right angles. Each of the rules has an under-cut groove along 
it, and a metal slide that moves easily in the groove. The 
slide in the rule, which is shown in horizontal position upon the 
engraving, has a screw, which will clamp it to the groove where 
required. Above the slides, and centred upon them, are two 
heads, similar to beam compass heads, these are made so as to 
allow a light bar to slide through them, which may be clamped 
to either head by a screw above. At the end of the bar is a 
socket to carry ink or pencil point. The instrument is sup- 
ported a short distance from the drawing upon four legs ; two of 
these are placed in a line through the centre of the instrument, 
so that by causing them to touch the edge of « tee-square, the 
instrument at once’ is set in a vertical position. 

“ To use the Conchoidograph for delineating columns ; it is ne- 
cessury, first to set out the vertical centre line of the column, and 
from the centre line to set off the semi-diameters of top and 
bottom. The tee-square is then brought up to # line with the 
bottom of the column, and the instrument placed upon it, so 
that the two centre legs are brought against the upper edge of 
the tee-square, and the now vertical edge of the instrument is 
against the centre line of the column. The three screws at- 
tached to the sliding heads are released, so that all parts of the 
instrument are quite free. The slides and bar are brought into 
a line with the bottom of the column, and the pen or pencil 
point placed over the mark which indicates the semi-diameter ; 
in this position the sliding head nearest the pen is clamped to 
the bar. The pen or pencil is hen brought up to the top semi- 
diameter, and the other slide moved backwards until the pen or 
peneil will fall upon the required setting. In this position the 
buck slide is to be clamped to the sliding groove, so that the 
head remains s/ationary, and the bar slides through it. It is 
now set, and the line may be delineated. 

“To draw the corresponding side of the column; the instru- 
ment is turned over on the tee-square to the reverse hand, 
without further setting. This explanation may appear long, but 
by carefully going over it once, the instrument way be set in 
two minutes for any column. The necessity for drawing the 
centre and lop and bottom semi-diameter, of course regards the 
first setting of the instrument only, and may be done on a sepa- 
rate piece of r if required; as the instrument once set 


ye 
answers for all the columns and pilasters on the same drawing, 
the separate setting out of either the base or the cap will be 


sufficient. To draw semi-ellipses with the conchoidograph, the 
same description will answer as is given with the semi-ellipto- 
graph, in a previous chapter, only it must be partieularly ob- 
served that both heads are clamped to the bar to produce the 
semi-ellipse, whereas to produce the conchoid, the bar slides 
freely through the back head. The difference in lines produced 
by this alteration is shown in the illustration Fig. 6, where the 
perfect conchoid is shown outside the semi-ellipse. Both lines 
are produced from a similar setting of the instrument, except 
that the bar slides through the back head to produce the outer 
figure, and the back head itself slides to produce the inner one.” 
Mr. Stanley’s' geometrical pen (Fig. 7) described in 
chapter fourteen is a very ingenious instrument, and it 
is intended by the inventor to apply it to a lathe for 
engraving the backs of watches and other ornamental 
work, a cutting tool being of course substituted for the 
pen or pencil. It i§ thus described by Mr. Stanley : 


“In the first place, the instrument is supported and held at 
uniform level above the surface of the drawing by a light solid 
frame, which stands upon cross feet, the under side of which is 
cut similar to a rasp, to prevent the instrument sliding. In the 
inside centre of each of the feet, exactly under the centre of the 
frame, is a stout needle point, which is intended just to enter the 
surface of the paper upon which the instrament stands. If each 
of these needle points be placed upon a straight line, the line 
will pass exactly under the centre of the axis of the instrument, 
which centre will also be at equal distance from each of the 
points. Thus, by the assistance of these points, the figures to 
be produced by the instrament may be placed in exact position 
upon the drawing. From the under side of the centre of the 
above described frame is fixed a stout steel pin, which forms an 
axis upon which the actual instrument revolves. The instru- 
ment is moved round upon the axis by a large milled head, im- 
mediately under the top of the frame. ‘This milled head is con- 
nected with a hollow socket, which fits exactly upon the pin, 
but which may be raised by sliding up the pin a sufficient dis- 
tance to lift the whole instrument, and consequently the marking 
point, off the paper. Connected with the socket is a horizontal 
steel flat bar, which is slotted down the centre to form a bed. 
Upon the bed are fitted two heads, which form the centres upon 
which a series of three cog wheels are placed, the heads slide 
upon the bed, so as to bring any two or three of these cog wheels, 
that may be required, into gear. The cog wheels are made of 
various sizes, the number of teeth in each being, if required to 
produce simple figures, some multiple of acommon number. The 
number of teeth we have selected are 120, 96, 72, 60, 48, 36, 
and 88, the first six being multiples of 12. There are three 
axes to the cog wheels, the centre a fixed one, and the two 
movable ones on the heads. The wheels are made changeable 
from any one of these axes to the other. Each of the wheels 
has a small key way cut through on one side of the hole in the 
centre of the wheel; this enables the wheel to revolve on a plain 
pin, or to be fixed when ~— upon a pin with a projecting key. 
rhe action of the wheels is as follows: At the centre or axis 
of the instrument is a keyed pin; any wheel placed upon this is 
fixed, and does not revolve with the other portion of the instru- 
ment; thus this wheel gives action to the others that revolve 
round it. The axis of the second wheel from the centre is a 
plain pin; therefore, a wheel upon this revolves with the action 
of the first, and communicates its action to the third. The pin 
of the third wheel from the centre is keyed; therefore this wheel 
and axis both revolve. Upon the axis of the third wheel is fixed 
a movable horizontal crank piece, which forms a bed upon which 
a sliding head may be clamped in any position. This sliding 
head forms a centre, and gives motion to the horizontal bar 
along the under part of the instrument, the other end of which 
bar is carried by a sliding fitting, that allows it free horizontal 
action in any direction. A small head upon the bar carries the 
ink or pencil point, which may be clamped in any required posi- 
tion, ‘The above described bar, as has been already mentioned, 
does not form a part of former geometrical pens. The original 
principle was to place the marking point upon the crank piece; 
consequently, the figures it produced were uniformly somewhat 
larger than the circumference described by the third wheel 
around the principal axis of the instrument. To produce variety 
of geometrical figures by the arrangement and setting of the 
various parts of the instrument, the following rules may be 
generally observed. That the changing of the second wheel for 
any other will make no material difference in the figure. That 
by placing one of the smaller wheels upon the centre axis, and 
one of the larger wheels upon the third axis under the crank, 
figures composed of spiral forms inscribed in a circle. That by 
placing one of the larger wheels upon the centre axis, and one of 
the smaller upon the third axis, external foliated or leaf-like 
forms will be produced. by the eccentricity of the crank, the 
amount of deviation from a circle is produced; thus, if the head 
whieh gives action to the bar be clamped over the centre of the 
third wheel, a plain circle will be produced; if the head be 
clamped slightly eccentric, an annular interwoven figure will be 
produced ; if the action from the crank be very eccentric, foliated 
angular figures will be produced. By the movement of the ink 
or pencil head upon the horizontal bar, the figures will be entirely 
varied. Thus, if the head be near the action of the crank, the 
figures will be gradual curves. If the head passes with the action 
of the bar to the centre, the figures will be angular. If the head 
be clamped beyond the centre, as far as possible from the crank, 
the figures will be looped, and the number of foliations around 
The above are the general laws; of course 
s produce intermediate forms, until one 





the centre doubled. 
intermediate sett 
passes into the other.” 

A simple kind of triangular compasses for copying 
large plans,invented by Mr. Stanley, is shown by Fig. 8 ; 
it is thus deseribed by him. 

“ This instrument is made similar to plain beam compasses, 
except tliat, in the middle of the beam is constructed a knuckle 
rule-joint, the centre ot which is carried down to the length of 
the puints on the beam heads, and is made to form the third 
point. In this instrument the points are always erect, which 
gives a more exact position than when they are held obliquely, 








as in the first-described kinds. These compasses may also, by 





unscrewing the point in the joint, be used as ordinary beam 
compasses, or the common beam compasses may be constructed 
into this kind of triangular compasses by a joint and point fitted 
to the centre of the beam, which may be done without other- 
wise affecting its ordinary use, besides rendering it more 
portable.” = 

In the sixteenth, seventeenth, and eighteenth chap. 
ters, Mr. Stanley treats very clearly of the instruments 
for enlarging and reducing drawings, and assisting 
sketching from natural objects; such, for instance, as 
proportional compasses, the pantagraph, the eidograph, 
the camera lucida, and several others. The space at 
our disposal will only allow us to make one quotation 
from this part of the work, and we have selected the 
description of the optical compasses shown by Fig. 9, 

“ The instrument illustrated above may be used to obtain the 
exact relative perspective position of two objects, and may be 
used for assisting in sketching general views, buildings, astro- 
nomical observations, &c. In optical principles this instrument 
is similar to the sextant—that is, it obtains apparent coincidence 
of a reflected with a direct observation. It is different from the 
sextant only, in that the observation, instead of being read upon 
a divided are, is read by the points of a pair of compuasses, so 
that the observation may be at once transferred to a drawing, 
The following details of construction will render the principle 
clear to any one unacquainted with the sextant. The mechanical 
portion of the optical compasses consists of a pair of ordinary 
drawing compasses, the legs of which are made tubular, so that 
the points may draw out some distance. By this arrangement 
the drawing may be varied in size without the draughtsman 
changing the distance of his position, in relation to the object, 
The optical portion of the instrument consists of a mirror fixed 
vertically to one leg of the compasses, directly over the head 


joint, so that it follows the angle of the opening of the compasses, 


Projecting from the other leg of the compasses, from near the 
head joint, an arm is carried out a short distance, and upon the 
outer end of this arm, another mirror is fixed to face the first, 
The lower half only of this mirror is silvered, the other half 
being plain glass. Upon thesame leg as that on which the arm 
is attached, at a short distance from the joint, is fixed a piece of 
metal, with a small hole through it, which forms the eyepiece. 
Any object in front of the mirror upon the joint will be reflected 
to the mirror upon the arm, and its image may be clearly seen 
in this mirror by looking through the eyepiece; at the same 
time the observer may see an object through the plain part of 
the glass by direct vision. Thus two objects will appear, one 
over the other, the opening of the compasses at the time 
being the distance of these two objects, according with the per- 
spective scale, to which the compasses are first set. The direc- 
tion of the reflected and the direct vision is shown by dotted 
lines upon the illustration. By this instrument, as with the 
sextant, angles of position of objects to the observer are taken 
up to 120°, althougl: the compasses open only to 60°. Of course 
this is immaterial to a drawing instrument, as the proportions 
are relative to each other, and correct to perspective scale, which 
is all that is required, provided the compasses produce a drawing 
of sufficient size. Ifthe compasses are required to take obser- 
vations for a large drawing, it will generally be necessary to 
double the distance of the opening, which is easily done by roll- 
ing them over on one point. Although these compasses may be 
used in any direction, it is generally most convenient to use them 
horizontally and vertically.” 

In the second section of the book, some excellent 
remarks are made about drawing boards, T squares, 
straight edges, parallel rules, &. Amongst the instru- 
ments iesained is the excentrolinead, illustrated by 
Fig. 10. We quote the explanation of it : 

“The Excentrolinegg illustrated above, is used mostly on the 
continent for drawing excentro-radial lines, such as the sides of 
the taper arms of cog wheels, circular saw teeth, &c.; it isa 
very inexpensive instrument, and will be found useful for some 
description of mechanical drawing. In detail, it consists of a 
small rule of ivory about six inches long, with a movable arm 
jointed upon it; the arm carries a necdle at its point, which can 
be set to any angle in relation to the line of the edge of the rule.” 

In the course of the chapter treating of ruling edges 
for producing curved lines, the curve bow shown by 
Fig. 11, is described as follows : 

** Several instruments have been made upon the principle of the 
weights and splines, the weights, in most instances, being ¢is- 
pensed with, and the spline fastened in various ways. One of 
these schemes that may be useful to the engineer is illustrated 
above. This is an instrument intended to give the form of the 
under side of a metal beam. It consists of a moderately wide 
piece of wood, fitted with two thin brass links to slide upon it. 
In the centre of the bar is a milled head screw, which passes 
through the flat way of the bar. A thin spline of wood passes 
through the two links and under the screw. ’ 

** In using the instrument ; the two links are put in the posi- 
tion on the bar to represent bearings of the beam, and the screw, 
which represents weight, is brought down on the spline to the 
distance of the required depth of beam. ‘The curvature thus 
produced gives the form of a beam to support the greatest weight 
in the centre, or other position upon which the screw may be 
brought down. ‘The instrument is also useful for similar curves 
for other purposes; splines of varying width, thickness, id 
length may be adapted to the same bow, and give variety to the 
curvature.” 

The remaining chapters of Mr. Stanley’s work 4 
devoted to a consideration of the various scales au 
measuring instruments, some very useful hints being 
added on drawing materials and colouring. Altogether, 
we consider that Mr. Stanley’s book contains plan 
practical directions for the choice of instruments 10F 
particular purposes, with clear instructions respecting 
the manner in which they should be used, and we tee 
assured that it is a work ‘which will be found useful to 
very many members of our profession. 
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AMERICAN MARINE ENGINES. 

Mr. Isuerwoop, the well-known author of “ En- 
ginecring Precedents,” holds a position, under the 
United States Government, corresponding to that of 
Mr. Lloyd at the Admiralty, only Mr. Isherwood is de- 
signated “ Chief of the Biiteau of Steam Engineering.” 
He is opposed, we believ’; to working steam expan- 
sively in marine engines—it least, to any considerable 
degree of expansion, Mr. Dickerson is what is called 
a patent lawyer, and he was at one time, we believe, 
the partner of Mr. F. E. Sickles, a well-known 
American marine engineer, who is now, or very lately 
was, in this country, superintending the construction 
of a pair of engines, upon his own plans, for the North 
British Rubber Cotmpany at Edinburgh. Mr. Dickerson 
is, moreover, &ii ditiateur engineer, and a iii who em- 
ploys both his toHigue and his pen in the most violent 
manner against évery one who happens to hula opinions, 
upon enginerring subjects, differmg from his own. 
Here in England some of Mr. Dickerson’s guasi pro- 
fessional effusions would be held abominable, and it 
would be difficult for their author even to maintain a 
position in good society. 

Mr. Dickerson some time ago attacked the “ Bureau 
of Steam Engineering” with great fury, and he at last 
enlisted, as persistent agitation will always enlist, an 
amount of public opinion in favour of a fair competitive 
trial between two steamers of like dimensions and form, 
the one engined upon his plans, the other upon those 
of Mr. Isherwood. The Government ordered two 
paddle steamships to be built for the Pup, both 
240 ft. long and of 85 ft. beam, the load displacement 
of each being 1280.78 tons, and the immersed midship 
section 265.85 square feet. One, the Winooski (the 
Indian tiame of a small river in Vermont), waengined 
from Mr. Isherwood’s designs; the other, the Algon- 
quin (atiother Indian name of a river in the States) 
was turned over to Mr. Dickerson. 

Into the Winooski, Mr, Isherwood put a sitigle in- 
clined cylinder engitie, 58 in. in diameter, and having a 
stroke of 8 ft. 9in. ‘The boilers, upoti Mr. D. B. Mar- 
tin’s patent, had water tubes, with the heat acting upon 
their external surfaces, an arrangement which has for 
a long time been in very extensive use in the American 
steam marine. They had 200 square ft. of firebat; and 
5036 square ft. of heating surface, and worked at a 
pressure of 38 lb. per square in. above the atmosphere. 
The draught was urged by a steam jet in the chimney. 
The engines, boilers, and coal, occupied 57 ft. 11 in. of 
the length of the ship for its whole width atid depth. 
The weight of the engines and boilers without water 
was 242 tons, and with water, 278} tons. 

Mr. Dickerson’s boat, the Algonquitt, had a single 
inclined cylinder engine, 48 in. in diameter, with a 
10-{t. stroke. The boilers had watet tubes upon a plan 
of Mr. Dickerson’s; and were wotked at the ugh 
pressure of 68 lb. per squate iii. above the atinosphere. t 
draught being urged also by a steam jet in the chimney: 
There were 144 square ft. of fire grate, 2678 square it, 
of heating surface, and 1132 square ft. of steam super- 
heating surface in ttibes. The engines, boilers, and 
coal, occupied 85 ft. 9in. of the length of the vessel 
for its whole width aiid depth. The engines aii ers 
weighed 281 tons without water, and 313 toms With 
wacer. 

Some months ago these ships were lashed iti dock, 
in New York, by the orders of the Naval Department, 
and their engines were worked at full speed for fifty-four 
consecutive hours. When we say full speed, this was 
only 143 revolutions, or from 258 to 298 ft.- of piston 
per minute. The Winooski, cutting off at 0.475 of 
her stroke, burnt 15763]b. of anthracite e6al per 
hour, and the Algonquin 1553.7 lb., or almost tlie same 
as the Winooski; the point of cut off, inthe Algonquin, 
being only 0.11] of the stroke. The indicated horse 
power, the very thing an English engineer would at 
once ask to know, was never, we believe, reported, if 
indeed it was ascertained at all. All that was proved 
was that up to the time when the machinery of the 
Algonquin broke down, that vessel had gained a slight 
advantage over her rival. 

More recently, a series of competitive sea voyages 
Was arranged, the run being eight times each way over 
a course of 564 knots, or 904 knots in all. It has 
happened, however, that owing to the weather, or from 
some other cause, the Winooski made but three, and 
the Algonquin but two double runs, or 339 and 226 
knots respectively. The draught of both vessels was 
practically the same, being for the Algonquin 8 ft. 5 in. 
fore and aft., and for the Winooski, having a false 
keel, 8 ft. 10 in. forward and 8 ft. 8 in. aft., to the 
bottom of the false keel. The machinery of the Algon- 
quin is reported to bear heavier on the port than on the 





starboard beam, so much so that the port paddle had 
an immersion, at first, of 7 ft. 34 in., while the star- 
board paddle dipped but 3 ft. 7jin. The ship had to 
be brought upright by stowing 73 tons of weight upon 
her deck. Mr. Isherwood’s engine, in the Winooski, 
was worked at a point of cut off of 7, the stroke, 
while Mr. Dickerson’s engine cut off at a higher but 
varied grade of expansion. 

As far as the trial was carried, the upshot was that 
the Algonquin worked up to but 54.29 per cent. of the 
indidated power of the Winooski, and that each indi- 
cated hivtse power required 18.58 per cent. more coal, 
or, making | entaboe in each case for ashes and eitiders, 
23.28 per cent. more -“combustible;” or actual fuel. 
The Algonquin, moreover; was beaten by two knots an 
hour. The indicated horse power and consumption of 
coal have not yet, however, been published. 

It is the duty of a journal like ours to keep its 
readers informed upon all subjects of real interest 
to the profession, and no doubt the competition we 
have desetibed does possess interest to English marine 
engineers. But we may add our conviction that the 
results will add little, or rather nothing at all, to our 
knowledge of marine engineering. They are not, ‘in- 
deed, yet sufficiently reported to enable us to draw any 
very definite conclusion, but we have these broad 
facts—the head of the Steam Branch of the American 
Admiralty denies that there is any value in expansion 
for more than half stroke, and prefers to cut off as late 
as seven-tenths. He will not superheat his steam, nor 
will he tolerate high piston speeds, and for slow- 
moving pistons in unjacketed cylinders tio doubt his 
notion of the proper point of cutting off is not far 
wrong. On the other hand, the irrepressible and ve- 
hement Mr. Dickerson, equally regardless of super- 
heating and of quick piston speeds, believes most tho- 
roughly in a very high degtée of expansion—a degree 
at which thete is no doubt fully one half of his steam 
is condensed within the cylinder by its own internal 
eooling: That engineers of standing in America should 
be disputing the economy or otherwise of expansive 
working without, apparently, understanding anything 
of the conditions necessary to economy it expatision, 
eat otily strike English engineers with wonder, if it does 
fot, indeed, inspire something like contempt. 








LENOIR’S GAS ENGINE. 

ALTHOUGH Lenoir’s gas engine was shown at the Interna- 
tional Exhibition of 1862, and although one Was set to Work in 
1868 at Messrs. G. B. Kent and Co.’s, in Great Marlborotigh- 
street, yet it cannot be said to have been brought proitiifiently 
forward here until the establishment of the Lenoir’s Patétit Gas 
Engine Company, by whom it is now supplied ih this Gountry. 
This company erected their first engine, at the works 6f Messrs. 
H, Poole and Co., Westminster, where it is still in use, if January, 
1865; and since that date they have set to work tipwards of fifty 
engines, a great, proportion of these having been furnished to firms 
ift thie hao They are now supplying them in four sizes 
of § 1, %, 8 horse power respectively, and the demand for 
them appears to be steadily increasing. In France we believe 
that about five hund#éd of them are now at work: Our illtist#ii- 
tions represent an éngine of 2 horse power, and the dimensions 
which we shull givé will therefore refer to this particular size; 
tne general construction of the engines, however; is the satne for all 
sizes. Fig. 1 is a side elevation, and Fig. 2 a plan of the etigitie; 
whilst Figs. 3 and 4 are respectively a transverse and “ae 
tudiual section of thé cylinder and valves drawn to a Jarger scate, 

Thé efgitie consists of a cylinder 8} in. in diameter and 
1 ft. 4 in. stroke bolted down to one end of a cast-iron bed plate 
7ft. 2 in. long by about 1 ft. 3in. wide and 7in. deep, this bed 
plate carrying near its other end the plummer blocks for the crank 
shaft. The cylinder, which is furnished with a piston like an 
ordinary steam engine, is formed, as shown by Fig. 4, with pas- 
sages 7 in. by 4 in. on each side of it, those on the one side being 
inlet and those on the other side outlet passages. ‘The openings 
or ports at the sides of the cylinder are covered by slide valves 
driven by separate eccentrics on the crank shaft, as shown in 
Fig. 2. These slide valves, which consist of blocks of cast iron 
1}in. thick hollowed out, as shown in the sections Figs. 3 and 
4, work between the faces on the cylinder and cast-iron back 
plates placed outside them. The back plates are secured to the 
cylinders by studs at the corners, and they prevent the valves 
from being lifted off the faces by the force of the explosion 
of gas and air within the cylinder. Four set screws are fitted to 
each back plate, as shown in the figures, for tightening the valves 
up to the cylinder faces when they become worn. ‘lhe mixture 
of gas and air, by the explosion of which the engine is worked, is 
admitted by the inlet valve, shown at the top ot Fig. 4. The 
gas enters the two passages formed in the back plate through 
tne cock fitted to the under side of it, and thence, through ports 
formed in the back plate and the back of the valve, to the recess 
formed in the valve itself. Each of the two passages in the back 
plate is fitted with a cock by which the flow of gas through it 
can be regulated, and from each a port, or opening, leads through 
the back plate. The inlet valve is made with a single port 
through the back of it, and this port comes into communication 
with each of the ports in the back plate alternately, at the same 
time that the recess in the valve comes into communication with 
the passage leading to the corresponding end of the cylinder. 
This arrangement of ports is shown in Fig. 4. In the recess in 
the valve, the gas becomes mixed with the atmospheric air, 
which is admitted through an opening formed in the top of the 


valye as shown in Fig. 3. This opening is surmounted by & 
brass casing fitted with a sliding valve, moved by a thumb 
screw, for regulating the supply of air; the proportion of air 
and gas which it is intended to use in the engine, being as 11 
to 1. The brass casing is furnished with a cap, arranged, as 
shown by Fig. 3, so as to admit the requisite supply of air, 
and yet partially exclude dust; when the engine is erected 
within a dusty workshop however, it is better to conduct the 
air to it by means of a pipe leading from the exterior of the 
building. The outlet valve, which is shown on the lower side 
of the cylinder in Fig. 4; i8 véty similar in shape to the inlet 
valve, but the ports throvgli the back of it keep the recess 
in the valve in constant communication with the exhaust pas- 
sage foriiéd in the back plate. As We have already stated, this 
tite is worked by a separate eccentric; and this is set on the 
crank shaft in such a position that the valve uncovers each port 
alternately for the release of the vapout contained in the cylin- 
Ger, just before the Te lis completed its stroke from that end 
of the cylinder to which the port belotigs. : 

In order to carry off the héat generated by the explosion 
of the gas and air within the cylinder, this latter is surrounded 
on all sides by a water space, similat spates being formed in tlie 
cylinder covers, and in the back plate of the exhaust valve. 
These spaces are sliown jn the seetiyns, Figs. 3 and 4, the former 
figure also showing the holes by w ich the water spaces in the 
cylinder covers are placed in communication with that formed 
around the cylinder. The water enters through a pipe attached 
to the outside of the back plate of the exhaust valve, and after 
flowing thtough the several water spaces, is removed by a pipe 
leading from the top of the cylinder. These pipes, which are 
both I} in. in diameter, are shown in the plan, Fig. 2. The 
inlet pipe should be fitted with a stopcock. Where water is 
scarce, it may be led back into the tank from which the 
supply is obtained, either the return pipe being made so long that 
the water becomes cooled dufifig its passage through it, or the 
tank being so large that its @ontents do not become unduly 
heated during the time the éngine is at work. In some cases 
the supply of hot water farnished by the engine, may be 
used for nanufactuting purposes. : 

As we have already said, the cylinder is fitted with @ piston 
like that of an ordinary steain engine, The piston rod is 1} in. 
in diameter, and its outer end is cottered into a crosshead which 
embraces a pair of round guide bars, 1} in. in diameter, and 
placed at a distance apart of 6 in. from centre to centre. The 
crosshead ‘is furnished with brass bushes fitting on the guide 
bars. Thé connecting tod is iriade with steep ends, and is 
8 ft. Lin. long from centre to centre, the crank bearing being 
2 in. in diameter, and 3 in. lobg. ‘The cheeks of the crank are 
24 in. wide by 2 in. thick, and the crank shaft is 24 in. in dia- 
meter. The — a crank shaft are 11 in. apart from 
centre to centre; and thé plammer blocks are firnished with set 
seréws; by which the brasse¥ tan be shitted horizontally, and the 
distance ot the crank shaft from the cylinder can thus be 
adjusted. The eccentrics fot Wotking the valves are fixed on 
the crank outside the plumté# blocks, the straps being made of 
brass. The engine is furnisli@@ With a heavy flywheel 7 ft. 4 in. 
in diameter, this, however, is tot shown in the illustratiors. A 
governor arranged as shown in Figs. 1 and 2 is fitted to the 
engine; it is driven by a chain working in a groove turned in the 
crank shaft. A lubricator is placed on the top of the cylinder, 
and another over the exhaust valve 

At one end of the crank shaft is a the “ distributor” 
which regulates the transmission of the currents of electricity 
producing the sparks by which the mixtufe of gas and air in 
the cylinder is ignited. The distributor consists of a short 
wooden arm seetired to an iron ring which is fixed on the crank 
shaft in a certain position by a set serew. This arm carries a 
pens of brass, thé inner bd of Which bears against a brass ring 
xed on an antitilar piece of wood supportéd by a bracket from 
the engine ftatne: To this ainular piece of wood there are also 
fixed at its otter edge, two pieces of brass; each forming about 
4 quarter of a ring, and wpon these pieces the brass fixed to the 
atin eattied by the etank shaft, also bears during a portion of 
its revolution. The itmer ting and the two outer portions of a 
ring ate éachi firnished with a thumbstréw for the attachment 
of the wires leading to the induction coil fachine and to the 
igniter, iti the thanrier which will be described presently. ‘The 
arrangement of the distributor is shown in Figs. 1 and 2. 

At each end of the eylinder of the engine is inserted an 
“* igniter,” #8 it is teritied. This consists of a brass plug through 
which « poreélain eylinder passes, whilst through this cylinder 
are led separately two copper wires. ‘These wires are insulated 
from each other by the porcelain, and one of them is placed in 
connexion with the brass plug, whilst the other is furnished with 
a thumbscrew at its outer end. At that end of the poroelain 
cylinder which is within the cylinder of the engine, the two wires 
are bent down so that they are about ,; in. apart, and a spark 
can thus pass readily between them. In France, the ends of the 
wires between which the sparks pass are almost always made 
of platinum; but Mr. C, W. Wood, the manager and secretary 
of the Lenoir’s Gas Engine Company, has found by experiment 
that the copper wires answer equally well, the grease within the 
cylinder preventing the oxidation of the metal. ‘The igniters 
made with copper wires have of course the advantage of being 
much cheaper. The igniters are each connected, by means of 
an insulated wire, with one of the portions of a ring forming part 
of the distributor, the igniter inserted at the end of the cylinder 
pext the crank shaft being connected with the nearest segment 
of a ring, whilst the other segment is connected with the other 
igniter. The batteries employed for generating the electric current 
consist of two cells of what is known as the carbon battery. 
Each cell consists of a cylinder of carbon inserted in a porous 
cylindrical vessel containing nitric acid, this vessel being in its 
turn immersed in a mixture of one part of sulphuric acid, and ten 
parts of water contained in a jar, in which a cylindrical plate of 
amalgamated zinc is also placed. The wires from the battery 
are connected with the primary coil of an ordinary induction 
coil machine, the wires from the secondary coil of which are in 
commuvication, the one with the earth, or with any convenient 
part of the engine, and the other with the inner brass rivg of 
the distributor. 

The action of the engine is as follows: Let us suppose that 





the engine is in motion, and that the piston is just com- 
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mencing its stroke from the crank shaft. The port leading to 
the crank shaft end of the cylinder is then uncovered by the 


inlet valve, and as the piston moves onwards the mixture of 


gas and air flows in to fill the vacuum formed behind it, the 
first portion of the stroke being performed entirely by the aid 
of the momentum stored in the flywheel. Shortly before 
the piston reaches the middle of its stroke, the inlet valve 
closes the port and soon afterwards the outer end of the 
piece of brass fixed to the arm of the distributor, comes 
in contact with the segment of 4 ring nearest the cylinder. 
When this takes place a current o° electricity passes from the 
secondary coil of the induction coil machine to the inner ring of the 
distributor, and thence along the piece of brass on the revolving 
arm to the segment of a ring next the eylinder. From this it 
is led along the insulated wire to the igniter fixed in the crank 
end of the cylinder, where it passes through the wire to which 
the thumbscrew is attached, and then across the space between 
the ends of the two wires of the igniter within the cylinder of 
the engine, producing during its passage a spark which ignites 
the mixture of gas and air. The second wire of the igniter is, 


as we have already explained, in connexion with the brass plug, | 


and so of course with earth, and as one wire of the secondary coil 
is also in connexion with earth, the circuit is completed by the pas- 
sage of the spark between the ends of the two wires of the igniter. 
A series of sparks continues to pass between the ends of the 





wires of the igniter during the whole time that the brass on the 
arm of the distributor forms a connexion between the inner ring 
and the outer segment, and this connexion continues until the 
end of the stroke of the piston, so as to ensure the ignition of the 
whole of the gas. Just before the end of the stroke, the exhaust 
valve uncovers the port communicating with the end of the 
cylinder from which the piston is moving, and releases the en- 
closed vapour. When the engine is first started, it is necessary 
to turn the flywheel round sharply two or three times by hand, 
| and it is better that the engine should be allowed to get properly 
| into motion before it is connected with the work which it has to 
rform. This can easily be done by an arrangement of fast and 
oose strap pullies. vee 
The gas is supplied to the engine by a 1} in. pipe, not more 
| than about 70 cubic feet of gas being required per horse power 
| per hour: in some cases the quantity used has been very much 
below that just mentioned. When gas for lights is supplied from 
the same meter as that for the use of the engine, an india-rubber 
pouch is fixed on the supply pipe at a distance of a few feet from 
the inlet valve. A cock is fitted to the pipe between the pouch 
and the meter, and this is opened to such an extent that the 
| pouch is kept partially full. The pouch acts in the same manner 
| as an air vessel on the suction pipe of a pump, and supplies the 
| rush of gas required at the commencement of each stroke. The 
| total weight of the 2 horse power engine, including flywheel, is 








mn) 


233 cwt., and the space required for its accommodation 1s 


| 10 ft. by 3 ft. 10 in. 


Lenoir’s gas engines have been worked at a piston speed of 
400 ft. per minute, but they are intended to work regularly at 
less than half that speed. Indicator diagrams, taken (by Mr. 


| F. P. Smith, the curator) from one of 4 horse power, now 


working in the workshop of the Patent Museum, at South 
Kensington, showed that when the engine was runring at 11! 
revolutions per minute, the indicated was equal to twice the 
nominal horse power. At the end of November, last year, It 
was stated by Mr. Smith that the engine above mentioned had, 
up to that date, made ‘2,762,184 revolutions without the 
«slightest derangement of its working parts.” As regards the 
safety of the engines, the best evidence is, that the insurance 
companies do not increase their rate for insurance against fire 
where they are employed. The engines are made for the 
Lenoir Gas Engine Company by the Reading Ironworks co 
pany (Limited), Reading (late Messrs. Barrett, ee 
Andrewes), and are good specimens of workmanship. Their 
details greatly resemble those of the horizontal stationary steam 
engines, for the construction of which the above manufacturers 
have been long favourably known. Our illustrations were pre 
pared from drawings kindly furnished by the Reading 
works Company, by permission of the Lenoir Gas Engin 
Company. 
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Tue proceedings of the Institution of, Naval Archi- 
tects, whose seventh annual meeting commenced yester- 
day, have so pressed upon our space as to compel us 
to leave over various articles in type. 





























OURSELVES. 

Tue appearance of a new journal, under whatever 
auspices, is commonly regarded with some degree of 
curiosity, and often with more or less distrust. This 
latter is, perhaps, more especially the case where what 
is technically known as a “class paper” rises into 
existence with the avowed purpose of taking the lead 
in its special department of literature. In our first 
number we said: “ This journal is begun because its 
“conductor is convinced that there is no other worthy 
“ to represent Engineering.” ‘This conviction is one 
upon which ENGINEERING has thus far been carried on, 
and upon which it will continue to be conducted. We 
do uot now intend, however, to indulge in any com- 
parison between the quantity, originality, and practical 
value of the contents of this and other journals. We 
leave this to our readers, and we are more than satisfied 
with the spontaneous and very numerous expressions 
of op‘nion privately conveyed to us by so many 
members of the profession, including some scores of 
the best known and most respected names of the 
engineers of the day. 

Sut we believe it to be time, and to be fairly due to 
so many gentlemen who have expressed so warm an 
interest in our success, to state that ENGINEERING has, 
within the short space of twelve weeks, established for 
itseif a position never probably secured by any other 
professional publication within twice or thrice the time. 
Before the first number of this Journal appeared, we 
had upon our books, as permanent subscribers, nearly 
a thousand names, cline those most eminent in the 
profession in Great Britain, France, Germany, and 
America, all of whom now receive this Journal direct 
from our publisher. Although we could not think of 
formally publishing such a list, even as a circular, it 
has from the first been open, and is open now, to 
the og of whoever wished or wishes to be 
satisfied as to the real position of ExGIneERING. 
his list affords us the means of knowing that this 
Journal regularly reaches the offices of the leading 
engineers, whether in Westminster or upon the rail- 
Ways and canals, upon harbour works, drainage and 
irrigation works, gas and waterworks, engine factories, 
engineers’ tool works, iron and steel works, foundries, 
shipbuilding yards, &c., as well as contractors, capi- 
talists, and merchants, and it is as regularly sent to 
the great publie offices—the Admiralty and War Office, 
the India Office, the Board of Trade, Trinity House, 
Lloyds’, the arsenals, dockyards, &c. And we may 
add that we have no “free list.” We have no desire 
to boast, nor even to congratulate ourselves, but we 
state what we have done as facts, not perhaps of inte- 
rest to all, but, as we know, of interest to very many 
to whom we could not possibly take the time to make 
a private communication in the same terms. 

_ Besides the large number who receive ENGINEERING 
irect from the publisher, it has gained a large, and a 





and the present permanent circulation of the paper ex- 
ceeds that of many of the same class which have been 
established for years. We say this advisedly; and it 
need hardly be added that, after fifteen years’ intimate 
and well-known connexion with the professional press 
of this country and America, the conductor of this 
journal is well informed of the real position of nearly 
every other newspaper of a like character in the two 
countries. 

Our special facilities for obtaining the best informa- 
tion of professional interest, and the extent, talent, 
efficiency, and harmonious action of our staff, may be 
better judged from what has already appeared in our 
columns, than from anything we can say. Our readers 
and friends have already had an earnest of what En- 
GINEERING is to be, and it will be our aim rather to 
improve upon even its present character, than to permit 
it to fall off in any respect. 





THE BELLEROPHON. 


WE gave, on page 166 of our last number, a section 
and plan of the engines constructed by Messrs. John 
Penn and Son., for H.M.S. Bellerophon, and we now 
intend to lay before our readers some other particulars 
of them. They are direct acting horizontal trunk 
engines, and were especially designed for working ex- 
pansively and at a high speed. As stated last week, 
they are of 1000 horse power nominal, and were in- 
tended to develop an indicated power of 6000 horses. 
The diameter of the cylinders is 112 in., that of the 
trunks being 41 in., and the effective area is therefore 
equal to that of a cylinder 1044 in. in diameter. The 
length of the stroke is 4 ft., and the connecting rods 
are 10 ft. 6 in. long fromeentre to centre, or five and 
a quarter times the length of the crank. Both the 
cylinders and cylinder covers are steam jacketted, as 
eon in the section. The piston packing consists of 
a plain cast-iron ring with steel springs placed all 
round behind it. The slide valves are double ported, 
and the pressure is taken off the back of them by means 
of rings working against faces on the steam chest 
covers and pressed out by springs. The valves are 
driven by the ordinary shifting link motion placed out- 
side the engine frames, the reversing gear being ar- 
ranged as shown in the plan, and a separate reversing 
wheel being provided for each engine. On the top of 
each cylinder is placed a small slide valve, covering 
ports leading to each end of the cylinder. These valves 
are fitted with levers for moving them by hand, and by 
means of them the engines can be easily started with- 
out moving the main valves. The expansion valves are 
of the gridiron class, and are driven by separate 
eccentrics. 

The crank shaft is carried on three bearings, one on 
each external frame, and one on the central frame be- 
tween the cylinders. The engines are fitted with 
surface condensers, these being each about 10 ft. in 
diameter, and the same in height. They each contain 
5834 tubes, #in. in diameter, and 6 ft. 4in. long; the 
condensing water being forced through the tubes by 
means of a pair of Appold’s centrifugal pumps, one to 
each condenser. ‘I'he centrifugal pumps are each 3 ft. 
in diameter, and are driven by an independent pair of 
direct acting engines. The position of the condensers 
is shown in our illustration. The air pumps are | ft. 
S in. in diameter, and are double acting. They are 
placed, as shown in the section, each piston being 
driven direct by a rod from the opposite steam piston. 
The barrels of the air pumps are gun metal, and the 
pistons are packed with gasket. The valves are of 
india-rubber, and are arranged as shown in the section, 
access to the suction valves being obtained by means 
of the loose covers fitted to each end of the air pumps 
and to the delivery valves through manholes, formed 
above them in the ends of the condensers. No 
partition is formed in the condenser between the 
two ends of the air pump. ‘The feed and_ bilge 
pumps are fixed on the condensers over the air 

umps, and like the latter are driven by rods lead- 
ing from the opposite steam pistons. ‘The arrange- 
ment of the feed and bilge pumps is shown in our illus- 
trations, from which it will be seen that each bilge 
pump is placed in a line with its corresponding feed 
pump. ‘The rods from the steam pistons pass through 
stufling boxes at the bottom of the bilge pumps, and 
are coupled to the plungers, of which there is only one 
to each pair of bilge and feed pumps. ‘This plunger is 
alternately forced into the feed pump and drawn into 
the bilge pump. The valves of both the bilge and 
feed pumps are so arranged as to be very readily ac- 
cessible, as indeed are all parts of the engines. The 
boilers are in eight pieces, each piece cantaining 360 





steadily and rapidly increasing sale in the news trade ; 





heaters, containing 85 tubes 5 in. in diameter and 3 ft. 

long, are fitted to each boiler 
On the occasion of the light draught trials of the 

Bellerophon, which took place on Monday last, the 
engines drove one of Griffiths’s two-bladed screws 28 ft. 
6 in. in diameter and 21 ft. pitch. The screw, how- 
ever, was not a perfect one, it being composed of two 
blades cast to a pitch of 23 ft. 6 in., and set in a square 
boss. Anew screw, with the spherical boss usually ap- 

lied to Griffiths’s screws is, however, to be supplied 
xy Messrs. Penn. The vessel’s draught on Monday 
was 18 ft. 10 in. forward and 24 ft. 9 in. aft., the mean 
draught being thus 21 ft. 94 in., or 2 ft. less than her 
estimated load line draught. The ship carried all her 
spars, together with her anchors and cables ; she also 
carried 123 tons of coals in her coal bunkers and 31 tons 
of water in her tanks. Neither her guns and ammuni- 
tion, nor her sea stores were, however, on board; and 
when completely fitted outshe will have to carry 640 tons 
of coals and 100 tons of water. When tried on Monday, 
over the measured mile at. Stokes Bay, with full boiler 
power, she attained a maximum speed of 15.354 knots, 
the mean speed of six trips being 14.227 knots. The 
maximum number of revolutions per minute, made by 
the engines, was slightly over 71, the minimum being 
70. The steam pressure was 261b., and the vacuum 
25.5in. The greatest power developed was 6048 in- 
dicated horse power—a most excellent result from 
engines of such dimensions. With the piston speed 
of 568 ft. per minute, due to 71 revolutions, the mean 
ellective pressure on the pistons throughout the stroke 
must have been. nearly 21 lb. per square inch to de- 
velop the maximum power above mentioned. During 
the trials with half-boiler power the maximum speed 
attained was 15 knots, the mean speed of four trips 
being 12.226 knots. The engines worked at a maximum 
speed of 59, and a minimum speed of 57 revolutions 
per minute. The trials made to test the steering powers 
of the vessel were extremely satisfactory; when the 
engines were working at full power, the angle of the 
rudder being 36°, the half circle to starboard was 
made in 2 min. 13 sec., and the complete circle in 
4 min. 28 sec., the engines running at from 67 
to 60 revolutions. To port, the rudder being at 
an angle of 34°, the half circle was made in 2 min., 
and the full circle in 4 min. 22 sec., the engine running 
at the same speed as in the former instance. With 
half-boiler power, the half circle to port was made in 
2 min. 32 sec., and the full circle in 5 min. 11 sec., the 
angle of the rudder being 35°, and the engine running 
at from 56 to 48 revolutions. To starboard, the half 
circle was performed in 2 min. 28 sec., and the com- 
plete circle in 5 min. 14 sec. The angle of the rudder 
was in this case 34°, the engine making from 58 to 51 
revolutions. ‘The diameter of the circles was 550 yards. 
‘There were six men at the wheel, and the time occu- 

pied in getting the helm up varied from 40 to 60 sec. 
Tn the course of the experiments the engines were 
stopped to order in 26 sec from the time of moving the 
telegraph handle; they were started ahead in 11 sec., 
and turned astern from full speed ahead in 24 sec., 
and during the whole of the trials the machinery 
worked in the most satisfactory manner. Our illustra- 
tions were prepared from drawings furnished by Messrs. 
Penn and Son. 





ON HONEYCOMBED STEEL CASTINGS.* 
Tue castings of steel, particularly those of the softer 
kinds of that material, are very liable to become porous 
and honeycombed. For avoiding those honeycombs, or 
at least for reducing the sizes of the holes and bubbles, 
it is the general practice in casting steel to close the 
ingot moulds immediately after casting. The principal 
effect of this is to cool down the surtace of the liquid 
metal, and to prevent the gases from the interior 
escaping and forming those large bubbles which dete- 
riorate the quality of the steel. The holes observed in 
steel castings are of two different kinds. Some of these 
cavities appear to have a perfectly metallic surface, and 
seem to be produced by some gas which is incapable of 
oxidising the metal, while the other kind of bubbles 
— to the eye a coloured surface the same as exhi- 
ited by iron or steel after being heated in the open 
air. The holes of the first kind are more numerous 
and prevail in the centre of the ingots, while the latter 
generally appear in the vicinity of the outer surface 
only. It is universally assumed that the film of oxide 
of iron which produces the colour upon the interior 
surface of the holes, is due to the action of free oxygen 
enclosed in the bubble in the moment of its formation. 
With regard to the other holes, if we take into con- 
sideration the nature of the atmosphere and of the 








brass tubes 3 in. in diameter and 7 ft. long. Super- 


* From a Lecture by M. Caron before the French Academy. 
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substances in contact with the metal during its fusion, | magnesia or lime for the silica in the manufactures, 


it is certain that the only gases by which these can be 
produced are hydrogen, carbonic oxide, nitrogen, or a 
mixture of these gases. Analysis could give informa- 
tion on this subject, but unfortunately the first diffi- 
culty which presents itself, and which appears to be 
almost insurmountable, consists in collecting these 
gases in a sufficiently pure state. The researches in 
this direction have therefore not given any sufficiently 
reliable results. It has therefore been preferred to 
take another course of investigation. 

The gases which form the bubbles may come from 
the atmosphere of the furnace, and be absorbed by the 
metal in fusion, or they may be generated in the inte- 
rior of the liquid mass. 

Steel melted in a crucible of fireclay, and allowed to 
cool slowly, is always filled with cavities, sometimes 
even, when the gases of the furnace have penetrated 
into the crucible in greater quantities, there is a 
creamy metallic efflorescence on the top of the ingot 
which occupies a considerable volume. ‘This is never 
observed with cast iron. With the exception of a 
central cavity which ‘s sometimes formed by the 
shrinkage of the material, the castings of iron are 
always perfectly sound, and the introduction of the fur- 
nace gases into the crucible never causes any boiling 
efflorescence. ‘These facts, which have been ascertained 
by repeated experiments, allow of two suppositions. 
Those who assume a direct absorption of the gases 
from the furnace may presume that the steel possesses 
the faculty of absorbing these gases, while iron does 
not possess the same. The others, who do not admit 
a direct absorption, will think the bubbles to come 
from gases generated by the action of the carbon in the 
steel on some substances mixed or combined with the 
molten metal. For ascertaining which hypothesis is 
correct the following experiments were tried. Steel 
was melted in a porcelain tube, with currents of 
hydrogen, carbonic oxide gas, &c., passing through the 
sume, in order to prove the presence or absence of 
honeyeombs under the influence of these gases. The 
results obtained areas follows: Steel melted in a por- 
celain vessel, in an atmosphere of hvdrogen or carbonic 
oxide, produced an ingot without any efflorescence on 
the top, but with a surface full of cavities similar to 
those observed in castings from the clay crucible. The 
outer surface being in contact with the porcelain, the 
question arose whether the nature of the vessel had 
any influence upon the result obtained. A vessel of 
magnesia, and afterwards one made of burnt limestone 
(chaux vive), were substituted, and separated from the 
poreelain tube by a piece of platinum. With these 
precautions ingots of perfect soundness, free from all 
cavities, efllorescences, or honeyeombs, were produced. 
Lhese experiments show clearly that it is not the 
hydrogen or carbonie oxide absorbed by the liquid 
steel by which the air bubbles are produced. There 
ouly remains, therefore, the supposition that honey- 
combs are produced by gases generated within the 
liquid mass; and the principal causes for this seem 
to be, first, the oxidising influence of the atmosphere 
in the furnace upon the iron which, in contact with 
the siliea of the crucible, forms a silicate, and the sub- 
sequent decomposition of the silicate of iron by the 
carbon contained in the steel. 

Having, by the above experiments with different 
gases and vessels, established the influence which the 
atmosphere in the furnace and the nature of the 
crucibles can have upon the quality of steel, M. Caron 
attempted to approach more closely to the conditions 
existing in practice. 

Two pieces of steel from the same bar were taken. 
One was placed into a fireclay crucible, the other into 
a crucible cut out of a lump of burnt limestone. These 
two crucibles, furnished with proper covers, were 
placed each within another crucible of fireclay, being 
separated from the outer crucible by an infusible 
wadding. They were heated in the same furnace under 
perfectly equal conditions. After four hours, the 
crucibles were taken out and broken when cold. The 
steel had been in perfect fusion in both cases, but the 
clay crucible had produced a rowgh and honey-combed 
ingot, while the lime crucible gave a perfectly sound 
ingot moulded exactly to the shape of the vessel. By 
employing magnesia instead of lime, the same effects 
were produced. It is comparatively easy to make 
magnesia crucibles by pressing that substance into 
suitable moulds. They are very durable, and resist the 
tire very well even after repeated heating and cooling 
and exposure to air and damp. Magnesia and lime do 
not form any fusible compounds with the oxide of iron, 
and therein differ from silica, which forms the main 
component of the refractory substances in general use 
at It would be desirable to substitute 


present. 








but the present price of magnesia is still too high, being 
250 franes, or 10/. per ton. ‘ 

‘There remains one point yet to be considered which 
the above experiments have not sufficiently cleared up. 
Liquid metals do not as a rule give off the gases con- 
tained in them until they reach the point of solidifica- 
tion. ‘This can be easily observed with copper, silver, 
latinum, &e. Steel posesses the same property, and 
it seems that there is a certain analogy between all 
these facts. The following experiment has been tried 
with a view of forming an explanation, though it may 
be only a hypothetical one. 

The following substances were melted in fireclay 
crucibles, and allowed to cool slowly, viz., white iron, 
soft steel, hard steel, and grey cast iron. The ingot of 
white iron had no holes, the soft steel ingot was filled 
with bubbles, the hard steel contained considerably less, 
and the grey iron, although free of holes, exhibited by 
the solidified drops on the lid of the crucible the pre- 
vious existence of an ebullition. 

Let us suppose that all these metals absorb oxygen, 
but that this substance although in contact with the 
carbon in the steel, could not produce carbonic acid 
except at a temperatue which very nearly coincides 
with the melting point of soft steel, and which there- 
fore is considerably higher than the point of solidifica- 
tion of-cast iron. It would then fullow that the car- 
burets of iron will produce carbonic oxide gas at a 
certain temperature which will escape from the liquid 
mass, and which will form bubbles and honeycombs 
whenever the melting point of the metal approaches 
the temperature at which the reaction between oxide 
of iron and carbon takes place. 

This explanation, although founded on a hypothesis, 
well corresponds with the facts observed, on it may 
be useful for indicating the means to get rid of the 
air holes in steel castings, which is one of the most 
difficult problems in modern metallurgy. 


TRACTION ENGINES. 

Mr. ALLen’s letter, which appeared in our last 
number, expresses a somewhat common but, we be- 
lieve, a mistaken opinion as to the economy of expan- 
sive working in portable and traction engines. His 
“objections lie against all traction engines wasting 
“from half to even two-thirds of the steam they 
“make.” It is generally added by those who express 
the same objections with the same meaning, that ‘‘ the 
* steam should be worked twice over,” and we believe 
that Mr. Allen’s “ daily experience ” which appears to 
be so satisfactory, is with engines constructed under 
his own patent, and which are popularly but speciously 
said to “ work their steam twice over.” 

The theory of expansion has been understood for 
eighty years. It has been studied, explained, argued, 
refined, and argued again, until there is hardly one 
word more left to say upon the subject. We should 
as soon think of disputing the first problem in Euclid, 
or the laws of falling bodies, as the laws of expansion. 
So much for the theory. As for the practice, there are, 
probably, but very few steam engines in existence 
which do not work their steam expansively. As a 
practical question, only the proper degree of expansion 
is left open for discussion. The steam may be cut off 
anywhere from one-tenth to nine-tenths of the stroke, 
or even earlier, or later, according to the judgment of 
the engineer. The remaining expansion may be per- 
formed in the cylinder to which the steam was 
admitted from the boiler, or the steam may 
expand from this cylinder into a larger one, as practised 
by Hornblower, the contemporary of Watt. In either 
ease the expansion will be the same in effect, and in 
what is called a compound engine, the total mechanical 
effect is, theoretically, exactly what it would be by ex- 
panding the same weight of steam in the larger cylinder 
only. And thus Mr. Allen can only add “ as regards 
“the particular mode of expansion employed, let 
“engineers do as they think best.” He speaks, and, 
we think, unjustly, of engines such as Messrs. Aveling 
and Porter’s, as “ wasting” from one-half to two-thirds 
of their steam. So far as the use of the steam in these 
and most other traction engines is concerned, it is the 
same as in all railway locomotive engines. The steam 
is worked at a high pressure, say L00lb. per square 
inch, and cut off by means of the link motion. The 
cylinders are steam jacketted. The piston makes 
from 120 to 200 double strokes per minute, the speed 
of piston being from 280 ft. to 466 ft. per minute. 
Here the point of cutting off may be from one-sixth to 
three-fourths the stroke, according to the load. The 
conditions are almost identical with those of railway 





locomotive practice, and there is every reason why the 
economy of fuel should be nearly as great. In the case 
of the trial recorded in our columns a fortnight ago, no 
indicator diagrams were taken, and therefore the dyna- 
metrical horse power can only be roughly estimated. But 
it was, we think, necessarily greater than estimated by 
Mr. Allen. A total weight of nearly 35 tons was 
taken at from three to four miles an hour, along roads 
where the resistance could have been hardly less tl an 
from 70 Ib. to 100lb. per ton, to say nothing of the 
internal friction of the engine. Taking 801b. per ton 
on a level, at 3$ miles an hour, we have 26 horse power 
actually developed in useful work. But this is no more 
than an estimate from data which may or may not be 
quite correct. We make the estimate of power pur- 
posely low to show that a corresponding low mean 
pressure must have been maintained in the cylinder, 
and that thus the engine worked expansively, and expan- 
sion is the great reform which Mr. Allen wishes intro- 
duced into traction engines. The area of the single 
piston of the engine in question is 95 square incives, 
and we may take its average speed as at least 150 
double strokes, or 350ft., per minute. Working at 
this rate, even 40 indicated horse power would corre- 
spond to a mean effective cylinder pressure of but 
$3,000 Ib. x 40 hep. _ 393 Ib. Now this 

95 sq. m. X 350 ft. 
moderate pressure would not be maintained by wire 
drawing, but by the link motion, or, in other words, 
by expansive working. Suppose the boiler pressure to 
be 100 Ib., and 96 lb. to mn the piston at the begin- 
ning of the stroke. The link motion, cutting off at 
one-sixth stroke, would give a mean pressure of 
96 


very 





x hyp. log. 6-++1=44.67 Ib., thus leaving 5 lb. for 


back pressure, and 393 Ib., nearly, for the work done. 
However we may pursue the matter, we shall find that 
traction engines, except when the work is very heavy, 
work expansively, and we believe that expansion is 
carried nearly, if not quite, as far as it can be with 
advantage. We will venture to say that those of the 
construction which we have been considering “ waste” 
no steam whatever in the just sense of the term. A 
traction engine has at one moment to work up to the 
full pressure of the steam throughout the stroke, while 
at another only a little steam and high expansive work- 
ing suffices. Were the loads, or rather the resistance, 
uniform, these engines could, and would, be made to 
work expansively, cutting off, perhaps, at one-sixth of 
the stroke, and this can be done in the ordiuary single 
cylinder. 

We may say a few words as to compound engines, 
for already a few have been made for agricultural pur- 
poses with high and low pressure cylinders. Here 
the object, clearly, is expansive working, and the ratio 
of the area of the high and low pressure pistons to 
each other corresponds nearly to the degree of expan- 
sion at which the engine is intended to work. Thus 
the low-pressure piston may have say four, or five, or 
six times the area of the high-pressure piston. But 
the sizes of the pistons must be such that, whichever 
of these degrees of expansion be adopted, the engine 
will then be exerting its full power. Now with 100 lb. 
steam, a six-fold expansion would give a final pressure 
but. little above that of the atmosphere. If, therefore 
(when the engine has only to work up to one-half or 
one-third its full power, as is often the case), the steam 
be cut off, in the high-pressure cylinder, at one-third 
or one-half stroke, it will fall, in expanding, much 
below the atmospheric line, and thus the piston would 
meet a positive atmospheric resistance which would 
neutralise all further gain from expansion. This re- 
mark applies, of course, to all non-condensing en- 
gines, and we have by us diagrams taken by the 
Richards’ indicator, on the occasion of the meeting of 
the British Association, at Newcastle, in 1863, which 
show a very large positive loss in the shape of atmo- 
spheric resistance due to over expansion. It has been 
urged that a leakage may take * between the high 
and the low pressure pistons of compound engines, so 
as to prevent this loss, but where this leakage is per- 
mitted the real degree of expansion is lessened and 
the consumption of steam is correspondingly increased. 
We may go so far as to say that in all cases of non- 
condensing engines, a very high rate of expansion Is 
wrong in principle, as the proportion of useless steam 
left in the cylinder, below the back pressure line, then 
bears a maximum relation to the total weight of steam 
used. In any case, with short cylinders, and with 
quick working pistons, -the highest requisite degree ol 
expansion may always be attained in one cylinder only. 
On another page we have given diagrams showing @ 





very hig rate of expansion in large cylinders, with a 
stroke of piston of 5 ft., employed in a great Leeds 
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factory where regularity of motion is most important, 
and where, too, it is satisfactorily attained. 

The whole subject of traction engine working is oné 
which deserves to be fully examined with the aid of 
indicator diagrams. At present our information under 
this head is all too little. We know a few makers of 
such engines who have, and apply, the Richards’ indi- 
cator; but its application is not sufficiently general, 
and the results are but very seldom allowed to tran- 
spire. 


THE CORLISS ENGINE. 

We have referred on recent oteasioiis to the Corliss 
engine, in which separate valves até employed for in- 
duction and eduction, and itt which the point of 
cutting off the steam is regulated by the governor, 
according to the speed of the engine, Of this class of 
engines Mr. J. Frederick Spencer, of Neweastle, de- 
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signed a pair, some time ago, for Messrs. Daniel 
Illingworth and Sons, of Bradford. These are 38-in. 
cylinders, with 5 ft. stroke, and work at 50 revolu- 
tions, or 500 ft. of piston, per minute. They have 
surface condensers. The double-clip escapement gear 
of the steam valves is arranged according to Mr. 
Spencer’s patent, the engines being controlled cach by 
one of Mr. Charles T. Porter’s governors. ‘The an- 
nexed diagrams, to a scale of 161b. per inch, were 
taken in October last, when the boiler pressure was 
25 lb. per square inch. The maximum cylinder 
pressure is from 19} 1b. to 2031b. per square inch, 
the vacuum about 11 lb. At present, however, the 
engines are working from a boiler pressure of 50 lb., 
and up to rather more than 500 indicated horse power. 
The consumption of coal, per week of 60 hours, is 
from 30 to 35 tons, equal to from 2}1b. to 24 Ib. per 
horse power per hour. 


HOLLAND-WESTPHALIA RAILWAY. 


Tits new line is intended to bring the trade and 
produce of North-Western Germany back to its origi- 
nal channels and outlets, through Holland to the sea- 
ports of Groningen, Harlingen, Kampen, and Zwolle 
on the Zuyder Zee, from which it had been diverted by 
various lines of railway to the Rhine and its seaports. 
A preliminary meeting of the various parties interested 
in this matter was held in October, 1862, at Bielefeld, 
Westphalia (a province of Prussia), in which it was de- 
termined to make a line from Carlshaven on the Weser 
(Electoral Hesse) to Enschede, a town in Overyssel, a 
province of the Netherlands. The engineers of the 
Elector Friedrich Wilhelm’s line were charged with 
the making of the necessary surveys and estimates, and 
the Prussian Government paid the expenses thereof. 
All this resulted, on the 22nd September, 1865, in the 
formation of a company for the construction of a line 
from Carlshaven to Beverungen, a station on the West- 
phalian State Railway, which it follows to Brakel (a 
distance of 113 miles), thence proceeding to Detmold, 
the capital of the principality of Lippe, thence to 
Bielefeld, thence to Munster, thence to the frontier of 
Holland by Glanerbruck, thence to Enschede where 
it connects with the Holland State Railway, leading to 
the various seaports on the Zuyder Zee. ~ 

The total length is 176 English miles, requiring 
. capital for construction of 12,630,000 thalers 
(2,425,000/., equal to an average cost of 13,900/. per 
English mile), which is made up of 6,300,000 thalers 
in preference shares, and 6,330,000 thalers of stock. 
Messrs. Peto and Betts are the contractors for the 
Whole line complete, and have agreed to take as part 
payment the whole of the preference shares. ‘The 





STEAM FIRE ENGINES. 


Mone than five-and-thirty years ago, steam fire engines were 
introduced in London by Braithwaite, who constructed and tried 
several such engines. They were not, however, received with 
any favour, and it was not until 1852 that the London Fire 
Brigade commenced using steam power for the suppression of 
fires by having it applied, by Messrs. Shand and Mason, to their 
large floating engine. In 1855 the same firm constructed a 
second floating steam fire engine for the London Fire Brigade, 
and in 1858 they built their first land engine, which, after 
several trials in this country, was sent to St. Petersburg in the 
same year. The first American steam fire engine was constructed 
in 1855. The first land steam fire engine used by the London 
Fire Brigade was one hired by them from Messrs. Shand and 
Mason in 1860; four others were afterwards supplied by the 
same firm, and a further number of seven has been ordered by 
the new Metropolitan Fire Brigade. ‘These last engines are now 
in course of delivery. In 1863 Messrs. Shand and Mason intro- 
duced their Patent Vertical Steam Fire Engine, the distinguish- 
ing feature of this engine being, that the boiler and machinery is 
all carried between the hind pair of wheels, leaving the front 
part of the machine for the accommodation of the firemen, hose, 
und implements. Two of these engines, of medium size, have 
been recently supplied for use in Amsterdam, and of one of these 
a longitudinal section and end elevation are given in our illustra- 
tions. 

The engine is carried upon four wheels, the front pair being 
3 ft. Gin., and the hind pair 5ft. in diameter. The frame con- 
sists of two bars of I section, 5 in. deep, connected at the front 
end by a bent plate, to which the locking arrangement of the 
fore wheels is attached ; and near the hind end by two cross bars 
passing one in front of and one behind the boiler, which they 
carry. At the front part of the engine are placed the seats for 
the firemen, and the boxes for hose and other fittings, whilst the 
tool box is formed in the space above the bent plate, which, as 
already mentioned, connects the front ends of the side frames. 
The boiler is 4 ft. Gin. high, the upper portion being cylindrical, 
2ft. in diameter and 2ft. 9in. high; and the lower portion 
conical, 2 ft. in diameter at the top, and 2 ft. 10 in. in diameter 
at the bottom. ‘The two parts are bolted together by means of 
angle iron rings placed round them, as shown in the longitudinal 
section, and as the joint between the top plate of the boiler and 
the angle iron round the chimney is also bolted, the boiler can be 
readily taken to pieces for internal examination. The vertical 
seams of the boiler are all welded, and the bolted joints just 
mentioned are faced. ‘The lower part of the boiler contains an 
iron firebox 2 ft. high, and of such a diameter that a water space 
Jin. wide at the bottom, and jin. wide at the top, is left 
between it and the boiler shell. ‘This firebox is connected with 
a submerged smokebox, 2 ft. 10in. in diameter and 64 in. deep, 
by 250 brass tubes, in. in diameter. The total heating surface 
is 91 square feet. ‘Ihe bottom and sides of the smokebox are 
formed by one plate, whilst the top is bolted to an angle iron 
ring placed around the inside. The chimney leading from the 
smokebox is § in. in diameter inside, and extends to a height of 
4 ft. 6 in. above the top of the boiler. ‘The plates of the boiler shell 
are din. thick, whilst the tube plates are 4 in. thick. In order to 
inc: ease the steam space of the boiler and diminish the quantity of 
water carried, an annular chamber formed of thin copper is age 
around the tubes and connected with the steam space at the top 
of the boiler by a couple of copper pipes. The arrangement is 
shown in the longitudinal section. The firebox has two fire 
doors, one being placed at the side, for use when the engine is 
standing, whilst the other is at the back, and is accessible from 


the back footplate on which the engineman stands when the 
engine is being taken to a fire. ‘The exhaust pipe is taken into 
the chimney just above the top of the boiler, and from that point 
it is led down the chimney to the smokebox, where it is turned 
up toform the blast nozzle. The upper part of the boiler is 
covered by a neat brass casing. The safety valves, of which there 
are two, are made with flat faces, each valve being formed with 
a deep conical depression in the centre, into which a point on the 
spring balance lever enters. This conical part is of a less 
diameter than the bore of the valve seat, so that the valve is free 
to move a short distance in any direction, and can thus accom- 
modate itself to the position of the bearing point of the lever. 
The spring balances are all marked off whilst the boiler is being 
tested by hydraulic pressure, the pressure at which the valve 
lifts being noted by the pressure gauge. By this means it is 
ensured that the safety valves will open when the pressure in the 
boiler reaches that to which the spring balances are screwed 
down, the special graduation of each spring balance compensat- 
ing for any slight variation in the dimensions of the levers or 
valves caused by errors of workmanship. The boiler is worked 
at a pressure not exceeding 1501b, We may mention here that 
a vertical boiler with a submerged smokebox was employed in a 
locomotive—the Atlantic—constrneted for the Baltimore and 
Ohio Railway in 1832. 

The steam cylinder and pump are fixed to the back of the 
boiler, the steam cylinder being placed above, and the pump, 
which is of the bucket and plunger variety, below. The lower 
cover of the cylinder, the frame-work connecting the cylinder and 
pump, and the top cover of the pump are formed in one brass 
casting. The steam cylinder is 7 in. in diameter, the stroke of 
both it and the pump being 8in, The regulator, which is a kind 
of half cock, is placed at the top of the steam chest. The piston 
packing consists of two steel agp, and the piston is connected 
to the plunger of the pump by two piston-rods, which pass one 
on each side of the crank shaft. The plunger of the pump is7 in. 
in diameter, and the pump barrel is 10 in. in diameter, the former 
having very nearly half the sectiotial area of the latter. The 
pump thus delivers nearly equal quantities of water during the 
up and down strokes, the quartity delivered during the down 
stroke, being that due to the Lioplassmnent of the plunger, and that 
delivered during the upstroke being equal to the difference between 
the displatement of the plunger and that of the bucket. Both the 
foot and bucket valves are of india-rubber; they are arranged as 
shown in the section. ‘The delivery branch is furnished with 
connexions for two hose pipes, a sliding valve being provided by 
which communication with either or both the pipes can be 
opened by a single movement of a lever handle at the back of 
the engine. A by-pass pipe leading from the suction to the 
delivery pipe, is placed at the side of the pump, this pipe being 
furnished with a cock, which is partially opened when the engine 
is working with a very small jet. Part of the water raised by 
the pump, then returns through the by-pass to the suction pipe, 
and the etigine is thus enabled to work at a higher speed, and 
more steadily than if this arrangement was not employed. The 
pumps are fitted with large air vessels on both the suction and de- 
livery sides, these air vessels are shown in the end elevation. The 
crank shaft is carried in bearings formed in the casting connect- 
ing the pump and steam cylinder, and is driven by a connecting 
rod coupled to a double eye fixed to the bottom of the pump 
plunger, as shown in the section. The crank shaft carries, at 
the end next the boiler, a flywheel, 2 ft. 9 in. in diameter, and at 
the other the eccentric for working the slide valve and feed pump. 
The rim of the flywheel is cast hollow at one part, the weight of 
the steam piston and rods, together with that of the — 
plunger wl bucket, being accurately balanced. The cran 
shaft, piston rods, connecting and eccentric rods &c., are all of 
steel. 

The feed pump, which is worked by a rod coupled toa pin fixed 

in the side of the eccentric rod as shown in the illustrations, is 
laced upon the top of the delivery branch, the suction and de- 
ivery valve boxes Setiig arranged one on each side of it so that 
the valves are readily accessible. Its suction pipe is led from a 
small tank fixed on the engine frame by the side of the boiler, 
and its delivery pipe is connected with a clackbox fixed on the 
side of the boiler near the bottom. From the delivery pipe a 
branch pipe, furnished with a cock, is led back to the top of the 
tank from which the pump draws the feed water, and when the 
cock on this pipe is open, the pump (which is always at work) 
delivers the water back again into the tank instead of into the 
boiler. The opening in the top of the tank through which the 
water is returned is fitted with a strainer of canvas and wire 
gauze in order to exclude dirt. The tank holds sufficient water 
to supply the boiler whilst the engine is being taken to a fire, 
and when the engine is at work it is kept full by a small branch 
pipe leading from the delivery pipe of the main pump. In ad- 
dition to the feed pump the engine is fitted with a No. 4 injec- 
tor. In the engines made by Messrs. Shand and Mason for 
the London brigade, the injector is not employed, the following 
arrangement being used for feeding the boiler when the engine 
is not at work: A cylindrical vessel containing water is fixed by 
the side of the boiler slightly above the water level of the latter ; 
this vessel is fitted with two pipes, one leading from the top of 
it to the steam space and the other leading from the bottom to 
the water space of the boiler. When it is desired to put water 
into the boiler, cocks on these pipes are opened and the water 
then flows into the boiler by the action of gravity. This water 
vessel like the tank on the Amsterdam engine is filled by a pipe 
leading from the delivery branch of the main pump. 

In addition to the ordinary steel bearing springs, the engine is 
fitted with india-rubber check springs which are fastened to the 
under-side of the frames opposite to the centre of the steel springs. 
These only come into action when theengine receives a severe shock 
in passing over rough roads. In order to prevent the vertical 
motion ot the engine on the springs which sometimes takes place 
when the pump is at work, small screw jacks are jointed to the 
top of the hind axle, and are furnished with spherical heads, 
which will fit into small castings fixed on the boiler to receive 
them. By placing the heads of the jacks in these castings and 
screwing them up, the weight of the engine is taken off the hind 
springs, and made to rest directly on the axle. The axle boxes 
of the wheels are of the old “mail” pattern, the axle being 
parallel where it passes through the nave. Each wheel is 





secured by four bolts, which pass through the nave and 
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through a loose washer running on the axle, behind a collar 


formed on it inside the wheels. The engine is fitted with | 
two powerful lever brakes, one on each hind wheel. These | 
are worked by levers placed one on each side of the| 


driver's seat, so that they can be worked either by the driver | 
himself or by some of the men riding on the engine. The 
box for carrying the fuel is slung under the front part of the 
engine. 

lhe slide valves of Messrs. Shand and Mason’s engines are 
proportioned so that the steam is admitted nearly to the end of 
the stroke, and a very free opening is given to the exhaust, so 
that the back pressure is very slight. We give telow the 
results of some indicator diagrams, taken by means of the 
Richards’ indicator, from one of Messis. Shand and Mason's 
engines, in July, 1864. ‘This engine was of the same size 
and construction as the Amsterdam engine, and was the one 
which afterwards obtained the gold medal and first money prize 
at the Exhibition held by the Industrial Society of the Nether- | 
lands at Middleburg, in July, 1864. The particulars of three of | 
the diagrams are as follows: 
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The last of the results above given shows that rather more 
than one indicated horse power was obtained for each hundred- 
weight of the weight of the engine. We may mention that with 
these engines, fitted with bucket and plinger pumps, it is fre- 
quently found, when they are working at a bigh speed, that the 
quantity of water delivered in a given time exceeds that due to 
the capacity of the pumps multiplied by the number of revolu- 
tions. This probably arises from the water always flowing in 
this class of pump in one direction, and from the velocity im- 
parted to the moving column of water by the pump wher: near | 
the middle of its stroke being considerably in excess of its average 
velocity. As regards the cost of working steam fire engines, we 
may refer our readers to an article in this journal a few weeks 
ago (Feb, 2nd, p. 75), in which we gave an account of the per- 
formance of these engines at the large fires at St. Katherine's 
Dock and Beal's Wharf. We may, however, mention here that 


the cost of pumping a given quantity of water by the steam fire 
engines was, at the first-mentioned fire only ,3;th, and at the | 
second only yjyth of that which would have been incurred if 
common engines worked by manual labour had been employed. 


Messrs. Shand and Mason have now built about ninety steam 
fire engines, and of these thirty-seven have been of their patent 
vertical class, for which they have obtained several medals an 
prizes at public trials. Of these engines the lightest yet made 
weighed 24 cwt. complete, whilst the weight of the largest was 
a little under 3 tons. ‘The number above given includes four en- 
































gines made for Bombay, and six built for the Great Indian Penin- 
sula Railway Company. Messrs. Shand, Mason and Co., carry out 
the whole of the detatls of the manufacture at their own works, 
even the currying of the leather from which the hose are made 
being performed on the premises, which are very extensive. 


Tue Nortu-Easrern ENGINEERING AND SHIPBUILDING 

| Company.—Mr. J. Frederick Spencer, who has for so longa 
time been known as a succcesstul designer of marine engines 

and other steam machinery, is, we are pleased to learn, about to 

commence the construction of ships and engines upon his own 

account. With the assistance of several gentlemen of Néw- 

castle-upon-Tyne, including J M. Jonasshon, Esq.. colliery and 
shipowner ; William Hunter, Esq., ex-sheriff of Newcastle; W. 

| Black, Esq., of South Shields; W. Stobert, Esq., colliery and 
| shipowner of Sunderland; Hilton Phillipson, of Messrs. R. P. 
jand H. Phillipson; of Newcastle, George Elliott, Esq., of 
| Messrs. Glass, Elliott, and Co. ; Henry Morton, Esq., of Suuder- 
land, and others, Mr. Spencer has been able to place upon a 

| firm footing a company of limited liability, bearing the title set 
| forth at the beginning of this paragraph. ‘This company will 
| build steam and sailing ships and engines on the Tyne, and will 
build and repair marine engines on the Wear. The nominal 
capital will be 100,0002, and although the undertaking has not 
| been brought before the public, more than one-half of this has 
| been already subscribed. ‘The present shareholders, only sixteen 
| in number, are prepared if required, to double their subscrip- 
tions, and it is probable that the capital of the company will be 
largely increased. Mr. Spencer, will, of course, be the managing 
director. The works manager, will be Mr. James Rae, who was 
brought up as an engineer at Messrs. Rennies, with whom, as 
workman, foreman, and manager, he remained for fourteen years. 
He afterwards, for three years, occupied a most responsible posi- 
tion with Messrs. Humphrys, Tevnant, and Dykes, and was 
subsequently, for two years general manager of the Thames 
Ironworks, and for six years afterwards was the manager of 
Messrs. Kennie’s shipbuilding yard at Greenwich. For the 
River Wear establishment the company have leased a piece ol 
ground in the South Dock, Sunderland, and adjoining the large 
graving docks, and are erecting thereon, in brick and stone, very 
first-class and complete engine and boiler shops, including two 
erecting shops, each 151 ft. by 42 ft., and 33 ft. high to under- 
side of the beams, fitted with 30, 20, 10, and 5-ton steam power 
travellers; and three other large shops, each 150 ft. by 42} ft., 
with dwelling house and offices. The shop piers are all of 
dressed ashlar, and the buildings have been architecturally de- 
signed under Mr. Spencer’s own personal directions, and from 
his plans, by W. Parnall, Esq., of Newcastle-upon-Tyne ; addi- 
tional ground has been secured to enable the company to double 
the works at any time, and all the shops &c., are designed so as 
to maintain the original arrangement in the event of any future 
extensions, a point too often neglected in original designs. These 
works will be about ready by Midsummer next. The North- 
| Eastern Railway runs into the erecting shops, and the River 
| Wear Commissioners are erecting hydraulic shearlegs close to 
| the works to lift sixty tons. On the Tyne the company has 
| purchased seventeen acres of freehold riverside property, and 
| propose to purchase other twenty acres. They have a water 
frontage of about 900 ft., and on this property will be esta- 

| blishea extensive shipbuilding and marine engine works with 
| powerful shears, and the works will be in direct communication 
with the North-Eastern Railway. The plans for buildings, Ke., 

for these Tyne works are nearly completed, and in three months 

|from now the company will be able to lay down the first keel, 
The works are arranged to take in any ship not exceeding 500 ft. 
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CHAPLIN’S CONTRACTORS’ LOCOMOTIVE. 


Tue contractors’ engine which forms the subject of our illus- 
tration is one which has been recently introduced by Messrs. 
Alexander Chaplin and Co. It is specially designed for work- 
ing, at a low speed, up the steep inclines, which contractors are 
frequently compelled to use, the wheels being formed with a 
V groove around their circumference, which grips the rail and 
gives an increased bite. A section of the rim of the wheel and 
rail is given in the accompanying figures. The boiler is of the 
vertical class fitted by Messrs. Chaplin to their ordinary 
contractors’ engines, and the cylinders, which are placed ver- 
tically, are bolted to it. ‘The connecting rods are coupled to a 
crank shaft carried in bearings supported by brackets from the 
lower part of the boiler, ‘The crank shaft carries two pinions, 
which gear into spur wheels placed on the driving axle, as shown 
in the end elevation. ‘These wheels are not keyed on the axle, 
but are connected with it by means of clutches kept in their 
places by springs, as shown in the figure. Both the driving and 
trailing axles are divided in the centre, the two parts being con- 
nected by a long coupling box. By throwing one of the clutches 
out of gear, the wheels on one side of the engine only can be 
driven, this arrangement being adopted in order to allow the 
engine to pass round the sharp curves found on_ contractors’ 
lines. As we have already stated, the wheels, which are 2 ft. 
3in. in diameter, are formed with Y grooves fitting on the rails, 
and they are therefore incapable of sliding laterally upon them. 
In order to allow the wheels to accommodate themselves to 
variations of gauge, they are made to slide upon long keys fixed 
to the axles, the lateral movement being governed by a thick 
india-rubber washer placed on the axle on each side of each boss. 
These india-rubber washers bear against collars fixed on the 
axles. The two pairs of wheels are coupled in the ordinary way, 
and the engines are fitted with a brake applied to the trailing 
wheels; a tank and coal bunker are also provided. ‘The increase 
in the adhesion obtained by the use of the grooved wheels of 
course depends upon the angle to which the sides of the groove 
are turned. The angle shown in our diagram is 45°, and it is 
considered by Messrs. Chaplin that the increase in the adhesion 
thus obtained will enable the engines to be used on inclines far 
steeper than any now worked by ordinary locomotives. 

THE INSTITUTION OF NAVAL ARCHITECTS. 
(Continued from p. 179.) 

Tue following is an abstract of a paper read by the Rev. 
Joseph Woolley, LL.D., Vice President, upon the bows of the 
Helicon and Salamis. 

‘THe trial of H.M.S. Helicon and Salamis, which took place 
during four days in October, 1865, and which forms the subject 
of the present paper, was one of great interest in many respects. 
That the importance of the trial may be perceived, it was suffi- 
cient to remind the meeting that originally these two vessels 
were intended to be built from exactly the same lines, viz. those 
on which the Salamis was actually constructed. And the 
Salamis was a most beautiful model, and it argued no small 
boldness and belief in his own principles on the part of Mr. Reed 
to attempt to improve on her. A comparison of the lines of the 
two vessels would enable the meeting to see in what the altera- 
tions of the Helicon’s shape consist. From midship section, or 
dead flat aft, the two ships were precisely the same. From the 
midship section furward the floors of the Helicon were prolonged. 
The lower part of the stem forward is made to project vefore the 
foremost perpendicular, instead of cutting it backward from that 
line as is usual, and, as was the case in the Salamis, thus giving 
to the foremost transverse sections the form of a U instead 
of a V, and securing an equal displacement, with an equal 
or even greater fineness of water-lines, with a lightened immer- 
sion and reduced midship section. As the length between 
perpendiculars and other dimensions in the two ships were to 
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remain unaltered, these changes gave the Helicon the further 
advantage of an increase of length of 5 ft. on the load water- 
ine, and of more than that below the water. The primary and 
chief object which the constructor had in view in making this 
change was, however, to correct the “ pitching” tendencies 
which fine-bowed fast steamers too often possess to an injurious 
extent, by giving a bearing forward in the water, so that instead 
of cutting through the waves it should float upon them. Supposing 
these advantages to be secured, it cannot escape notice that the 
relative strength of vessels of the shape of the Helicon over that 
of the Salamis build is very considerable, and should the expec- 
tation that in a sea-way the pitching of the Helicon would be less 
extensive and violent, and the vessel be sooner brought up by the 
submersion of the comparatively full bow be realised, the strength 
and security of the structure would evidently be much enhanced 
on this account. A vessel with iron armour plating, carried 
completely round the ship, and of the thickness ani weight 
which late experiments at Shoeburyness have shown to be 
necessary to protect it against modern ordnance, which, like the 
Salamis, or other vessels of the usual form forward, should have 
a large portion with very little support from the buoyancy of 
the water, would necessarily be weak, or at least require an 
undue amount of metal on the upper part, to afford the requisite 
strength. The trials, therefore, of the Helicon and Salamis 
derived great importance from this circumstance, that they 
might be expected to throw ligt on the principles on which the 
lines of armour-plated ships should hereafter be constructed. 
In all other respects, the circumstances of the vessels were such 
as to give the best possible prospect for a fair comparison. The 
total displacement was the same for both, and the engines of 
the same size and built by the same maker, being each of 250 
nominal horse power. 

The usual trials of the two vessels, at the measured mile at 
Stokes Bay, exhibited,from some unexplained cause, an advan- 
tage of speed in the Helicon which was unexpected—the speed 
of the Helicon being 145 knots, while that of- the Salamis, 
under apparently the very same circumstances, was 13.692. 
Such anomalies are not unusual, and often embarrass the speed 
calculations of the shipbuilder. 

The results of the trials were as under: 
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HELICON. SALAMIS. 
Half Half 
Full. | Boiler. | Full. | Boiler. 
FOrward  ..scssccsseeees 9’ 11” 10/ 4” 

Draught taft weet v.| 10’ 3” 10! 5” 
Midship section it. 229 239 | 
Displacement ....... tons 945 946 
Load of safety valve ‘ 25 25 
Veuus Forward ove : 

OTE ARE co cecccscoses | 25 | 28 243] 25 
Weather barometer, index of 

TRGRORET cerccccseccccccesssetocsoncse 30.13 30.322 
Mean pressure in cylinders...Jb.| 28.851 ; 18.668 | 27.254 | 14.937. 
Revolution of engines.........No0.} 35 294 3L917 | 26.75 
Indicated horse-power . 1610 878 1387 637 
Speed of vessel 14.5 12.48 | 13.692 | 11.433 
Force of wind .. 2 Rd. 
State of sea ... Smooth. Smooth. 
TS nn. 433.3 | 506.7 | 443.0 561.5 

Ind. H.P. 5 : 
Speed *x Displacement*2 | 4,93 | 213.2 178.4 | 226.1 
Ind. H.P. | 








At the trial of the two vessels together in October, pains were 
taken to place them in as nearly the same position, as regards 
weights and everything but the form of the bows, as possible, 
and it may fairly be assumed that they started with the same 
displacement, under which circumstances the draught of the 
Helicon was 4 few inches less than that of the Salamis, which 
was, in fact, one of the objects aimed at in her design. 
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The captain of the Helicon was ordered to make three sets 
of experiments under steam—viz., at 10 and 12 knots an hour, 
and at maximum speed. These occupied on the whole four days, 
viz. the first experiments, 10 hours on the 12th; the second, 10 
hours on the 13th; and the third, between 27 and 28 hours on 
the 14th and 1dth October. 


On the Lith, when the vessels were intended to go to sea, the 
wind had been for some days south of west, and was then blowing 
very fresh. ‘They anchored at St. Helen’s for the night, and 
the me began on the morning of the 12th, the wind 
being W. by N., force about 7, with a very considerable swell 
right ahead. At noon, both wind and sea moderated till the 
conclusion of the experiment, which lasted until 8. 30 p.m. 


The behaviour of the Helicon is reported on by the Captain 
Singer in the very highest terms—very excellent opportunities 
being afforded of judging of it under various conditions, viz. 
from St. Helen’s to St. Catherine’s with a very heavy sea broad 
on to the bow, and from St. Catherine’s a more or less heavy 
sea right ahead, She is described as rolling slowly and easily, 
and as being with a head-sea very easy and exceedingly buoyant, 
rising to the sea in a very perfect manner, and shipping very 
little water though exposed to a very considerable lead-sea, and 
at the same time steering very easily and answering her helm 
quickly. This is the description of the captain, and all on 
board fully agreed in its justice; it being a constant subject of 
remark among us all that we were making better weather than 
the Salamis during her experiments. The 10 knots speed was 
sustained during the continuance of the heavy wind and sea 
by 26 revolutions of the engines, working on the second 
grade of expansion and the steam half throttled; and afier- 
wards, when the wind and sea had moderated, by from 23 to 24 
revolutions, the engines being placed in the fourth grade of ex- 
pansion, and steam nearly half throttled throughout with a very 
moderate consumption of fuel. On this and the second set of ex- 
periments the consumption of fuel on board both vessels was 
nearly the same; aud both proved themselves economical good 
sea-bouts. 

On the 13th, at 8 a.m., the second experiment began, the 
weather being fine, with a strong breeze from the north, and a 
heavy swell from tie sume quarter. ‘The course steered was 
west for 6 hours, and afterwards north-west. ‘hus we had 6 
hours of 12 knots with a heavy swell broad on the bow, aud 4 
hours of it nearly ahead. 

Captain Singer described the behaviour of the ship during his 
experiment as highly satisfactory, being exceedingly easy even 
when exposed to a heavy swell and nearly abeam, and shipping 
very little water, and her behaviour was no less satisfactory with 
the sea ahead. 

The Salamis was at a considerable distance during the greater 
part of the day, and little opportunity was afforded of ascertaining 
the behaviour of the two vessels; but it was our decided impres- 
sion that the motion of the Helicon was eusier. 

The third and final experiment on the relative maximum speed 
commenced at 1 o'clock on the 14th. Several hours had been 
allowed for the express purpose of making full preparations, and 
there cannot be a doubt that no trial could have been made under 
more favourable circumstances. The weather was fine, with 
wind light from N,E., the sea calm, with a slight swell from the 
westward, barometer high and inclined to rise. We were then 
in lat. 48° 27’ N., long. 90°20’ W., St. Catherine’s bearing 
N. 67°, E. 339 miles. ‘This state of weather continued tor 
about twelve hours, when the breeze freslened considerably 
from the northward, and continued very fresh, with a smart sea 
on the beam, until 8 a.m., when both wind and sea moderated, 
and so continued until we reached St. Helen’s. At 4h. 40 m. 
p.m. we rounded the Warner Light, having accomplished 363 
miles in 27.6 hours, giving an averaye speed of 13.25 knots an 
hour. ‘The average speed of the Salamis during this trial was 13 
knots. For the tirst six hours of this experiment the Helicon 
gained on the Salamis about 1 knot an hour, the engines making 





hirty-five revolutions. At sun-down the Salamis was nearly 











190 


hull down. Early in the evening, however, it was found im 

possible to keep up the requisite steam, the coals at that time 
which came to hand being small, and the engineers and stokers, 
several of whom had never been to sea before, and all being 
strangers to the engines, being unable to respond to the galls 
made on their energy. One stuker, it may be here mentijgned, 
had been left behind at Portsmouth, and another was obliged to 
go on the sick list the first day. The revolutions of the engine 
dropped to thirty-one or thirty-two, and all through the night 
the engines were worked on the first grade of expausion. 
Daring this period the Salamis recovered the ground she had 
lost in the afternoon, and at daylight was nearly abreast. 
Shortly after daylight the sea got up under the influence of a 
strong northerly wind, and the Helicon began to leave the 
Salamis behind, and continued to increase her distance through- 
out the day, until, at the close of the experiment, she wag fully 
five miles ahead. , 

We have the most unimpeachable testimony to the fact that 
during these very varied trials the bows of the Helicon com- 
pletely answered the purposes for which it was designed, cleay- 
ing the water in the easiest manner, showing little more motion 
in the surrounding water than bows on the wave pringiple, which 
are those of least resistance, and when the vessel ig Meeting a 
heavy sea, by the great buoyancy of the foreparg rendering her 
very easy and dry. 

Dr. Woolley acknowledged most fully the valge of the wave 
form, which Mr. Scott Russell had the credit of establishing, as 
being that of least resistance. But a necessary condition of the 
adoption of that form was that a considerable portion of the ship 
forward is nearly unsupported in the water, and that to carry a 
great weight both of armour plating and armament a very long 
ship, and so far necessarily hard to turn and comparatively un- 
manageable, must be built. It became an important question 
whether, by the adoption of some other form, the same useful 
weight may not be carried with a much shorter and more ma- 
nageable ship. It might be allowed that this regiglé could be 
attained, ceteris paribus, without increasing the resistance con- 
siderably over that of a ship of the same size of the waye form 
of construction; yet, on the other hand, it must be borne in 
mind that by diminishing the length and surface of the ship we 
could diminish the quantity of muterial used in the construction, 
and especially of the heavy armour plating, and so considerably 
reduce the total displacement while we retain the same power of 
carrying ordnance and other useful weights. There must, indeed, 
be some point at which the reduction in weight of hull, and 
therefore of total displacement and of skin resistance, will ex 
actly compensate the loss which arises from the increased direct 
resistance arisiog from a departure from the line wave form— 
the form of least resistance. This limit it would be very diffi- 
cult to express in an algebraical form, though probably it might 
not be so difficult to ascertain it in practice. But even though 
the amount of horse power requisite to drive the same useful 
weight at the same speed might be sumewhat, or even consider- 
ably greater in the shorter ship than in the wave-form ship, the 
advantages which arise from diminution of first cost, and more 
especially from the handiness and ease of management, may well 
be considered as affording a full equivalent for the somewhat 
greater cost of propulsion. The Helicon bow indicated a mode 
in which this advantage may be gained, and, in fact, formed the 
basis on which the chief peculiarities of the lines of the Belle- 
rophon and other ships built and building for the purposes of 
war were based. 


Mr. Scott Russell said that he had no paper for the meet- 
ing, but he had much pleasure in presenting three volumes of 
a valuable work as his contribution. 

Mr. J. D’A. Samnda said that the question related more espe- 
cially to the scientitic view of the matter. There was great dis- 
advantage in following a paper containing so many facts and 
figures upon such short notice, and to dissect those facts and 
figures and place them before the institute in some shape, either 
to confirm or suggest that some erroneous conclusion had been 
drawn from the statement of the facts, but he would call atten- 
tion to an oversight which appeared to have run throngh the 
whole of the paper. He thought he should be able to show 
approximately that the conclusion which had been drawn from 
the facts «which he would not doubt) were erroneous. The 


facts were these—that the Salamis was built from lines laid 
down by the previous Constructor of the Navy, and the 
Helicon was altered from those lines ty Mr. Reed, the 
present Constructor of the Navy, with the view of ob- 
taining a better result. They were told from the observa- 
tions which had been made upon the trial that better 


results had been obtained, but he woul! call attention to this 
that the Helicon had her midship section immersed when she 
tried to 229ft. while the sister ship, the Salamis, 
had 239 ft., that the horse power that was exerted in the 
Salamis was 1387 whilst the horse power exerted in the 
sister ship, the Helicon, was 1610, that the speed obtained in 
the Salamis was 13.6, while that obtained in the Helicon was 
14.5. If those figures were taken and worked out, the results 
would produce a co-efficient, that is to say, a mechanical result, 
giving exactly the same figures in both cases for the different 
ships. ‘There was no gain by the alteration in the form of the 
lines which had been given to the Heliccn. The Helicon was 
not the same ship as the Salamis, for it was not contained 
within the same length. It had had 5 ft. added to its 
length, in order to enable it te dw the same as the Salamis. He 
did not at all hesitate to say that it was his opinion, founded 
upon all previous practice, that the alteration of those lines was 
in the wrong direction, and not an improvement 

Admiral Halstead said that the sections showed an in- 
crease of the bulk in the forebody, and that that would of course 
displace whatever its bulk might be in water in the forebody. 
It might prevent the pitching to a certain extent, but it was 
equally true that ships ascended as well as pitched, and the in- 
creased bulk of the forebody, as compared with the bulk in the 
afterbody, would make them ascend more violently until an 
absolute balance were established between the { y and the 
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afterbody, and the ship, in fact, tripped up in a greater degree 
than if the ordinary balance between the forebody and the after- 
body were maintained. 

Mr. Scott Russsell said that he wished to make an observa- 
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tion with regard to two points, viz. the change made in the ver- 
tical lines of the ship, aud the change made in the horizontal 
lines. His opinion was that the vertical section had little or 
nothing to do with the speed, therefore le would not say a word 
about speed; but he thought that the vertical section had 
everything to do with the strength of the ship and its whole- 
someness as a sea-going vessel. [He approved of the general 
principle which Dr. Woolley had approved of in his paper, and 
which Mr. Reed advocated, of giving a somewhat larger propor- 
tion to that part of the body near the bows which was in the 
water, and diminishing the proportion of that part which was 
out of the water. It was foolish, he thought, to make the bows 
if the ship spread out, and to make the body of the ship very 
fine. In his opinion the Y form was better as a sea-going 
vessel than the V form. 

Mr. E. J. Reed said that the experiments with regard to 
the Helicon and Salamis had been made with the greatest care ; 
they had been weighted the same, and the engines were of the 
sume power. Of course, accident might occur, and the engines 
might be worked at a higher power, but he would challenge any 
one to deduce from the facts anything urguing against the 
change in the shape of the bow. With regard to the speed, of 
course the light trial was not conclusive, if it was wished to insti- 
tute a comparison between the Salamis and the Warrior, because 
the Warrior was never tried light. The Bellerophon, when light 
to the extent of 750 tons weight, and 2 ft. in her draught of 
water, steamed a little over what the Black Prince steamed 
when she was about 1800 tons light, and 4 ft. in her draught of 
water, and a little under what the Achilles steamed when she 
was 1600 tons light, and 3 ft. 3in. in her draught of water, 
the advantage in the draught of water being a little in favour of 
the Bellerophon, that appeared to him to be satisfactory. There 
was this difference between the Bellerophon and her predecessors, 
that in that vessel the Admiralty had not been content with 
experiments in the way of reducing the length of the ship, but 
had introduced experiments with regard to the economy of fuel 
for the engines, and also with regard to the screw, which had 
not succeeded. As a matter of fact, with a draught of 2 ft. 
within her load line, the Bellerophon was capable of steaming, 
and had steamed 144 knots. No one could fail to see the impor- 
tance of that circumstance 

Mr. G. B. Galloway said that having for some years 
studied the formation of vessels, and paid great attention to 
their construction he wished to indorse the sentiments which had 
been enunciated by Mr. Scott Russell and the gentleman who 
had just sat down. He would add that they must ‘have 
moderation to advoid extremes, and if they would have a vessel 
with good sea going qualities they would best be able to attain 
that object by having what might be termed flat floors, three 
keels, and two additional helms. 

Dr. Woolley said that he did not mean to infer that the whole 
advantage with regard to speed would be due to the alteration 
of the bows, but there remained the undoubted fact tiat both 
with the Salamis and Helicon, both of which were intended to 
do the same work and with similar engines, that one was able 
to develope higher power than the other, and with regard to 
ascending, nothing of the kind was observed by those who were 
on board at the time of the trial. She did not ascend in undue 
proportion. He believed the object of all persons who built these 
vessels in the Y form was to obtain the horizontal section as 
near as they could. 

On the subsequent reading of Mr. Reed’s paper “On the 
Bellerophon, Lord Warden, and Hercules Targets,” 

Admiral Halsted said that he must express his satisfaction at 
having no more ships in wood. With regard to the Lord 
Warden, nothing could be more terrible than the appearance 
made inside that target by the heavy shot and shell that 
pierced it. The mass of wooden splinter that was there must 
have destroyed every person within a very large sphere of it. 
With regard to a layer of iron in the body of the ship, he thought 
that the proper place for it would have been the inside and not 
the middle, and many lives would be saved by that arrange- 
ment. He thought a wooden ship as an iron-clad stood in a 
reverse position, as far as her capability of destruction in warfare 
was concerned, as compared with an iron-clad of iron. The 
wouvden timbers of the Lord Warden would be the very centre 
of that which would be exposed to the enemy’s shot and shell— 
in fact, the backbone of the ship—and any destruction of those 
timbers by shot or shell would be the cause of the destruction 
of the ship after she might have fought a successful action. With 
regard to the Minotaur target, there was a curious circumstance 
us compared with the Warrior. It appeared from the published 
report of the trials that the alteration made in that target from 
that of the Warrior, from 4}in. of armour and 18 in. of teak to 
5} in. of armour and 9 in. of teak, bore no comparison to the 
resistance in the one case and the other. The Bellerophon 
target might be taken as a type of the best mode of protection 
for an iron-clad, but there was a grave defect. He did not think 
the armour of that target should come into direct contact with 
the edge plates of the longitudinal stringers. He thought it 
would be better to have one foot more of backing outside the 
longitudinal-stringer plates. With regard to the Hercules target, 
the matter was overdone. With regard to the experiments, 
they had been performed by means of rectangular firing and 
not oblique firing, which he thought should have been tried. 
In the case of the two first iron-clads which attacked each 
other, the Merrimac and the Monitor, the firing was oblique. 
It was the same with the Kearsage and the Alabama, and also 
in the action between the Danish and Prussian squadrons. 


Mr. J. D’A. Sumuda said that the paper last read was a most 
valuable contribution, and he entirely concurred with that por- 
tion of it which attributed so much to the care and thought 
which had been devoted to the early productions with reference 
to the coating of iron vessels, but he was not prepared to say 
that the greatest amount of merit ought not to be accorded to the 
same authority that was so prominent in preparing the Warrior 
target. (Hear, hear.) He might say that he had attended as 
many experiments as had been made, but in no one instance had 
he ever seen a shell penetrate the sides of an armour-plated 
ship. 

Capt. Heath wished to say that a shell fired from of the 
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there was a great deal of difference between the Alabama and 
vessels of that class, which were intended to run away, and vessels 
like the Bellerophon and Warrior, which were vessels to fight. 
Some observations had been made about the targets, and that 
the firing had been regtangalar and not oblique. ‘The depart- 
ment to which he belonged was to tind the best gan, and it was 
only necessary, in his apjnion, to alter the form of the head of the 
shot to penetrate obliquely. There was a target now being 
made at the Admiralty with its wings declined 30°, and that 
would be tested by shag with various forms of head. 

Mr. E. J. Reed thayght it would be a fatal error to base the 
experiments upon sojpe measure of obliquity which might suit 
the fancy of some gentlemen, instead of taking the maximum of 
evil to be encountered, With regard to the Hercules target, it 
should be borne in mind that that may have to eucounter Ame- 
rican vessels with enermous thicknesses of armour. ‘The inten- 
tion in the Hercules, and also in the Minotaur, the turret vessel, 
was that she should be a vessel capable of going alongside with 
confidence any vessel of any other nation, and fight an action 
through. 

The Secretary then read a paper on the security of iron ships 
by Mr. Fairbairn, and Mr. Grantham read his paper on the 
length of iron ships, with reference to recent losses at sea. 

Mr. John Grantham, member of Council, then read a 
paper “ On the Length of Iron Ships, in reference to the recent 
Losses at Sea.” The object was not to enter upon any elaborate 
or scientific investigation of questions relative to the strength of 
ships; but recent disastrous losses at sea had given so much 
prominence to one feature connected with the construction of 
iron ships, and so many erroneous impressions were agitating 
the public mind, that it had become a duty on the part of the 
Institution te guide public opinion in the matter. 

The point alluded te would be understood by a quotation 
from the report to the Board of Trade on the loss of the London, 
and was as follows;—‘ Before concluding this report, some 
“notice should be taken of the eyidence of the witness, Mr. 
‘Thomas Wilson, of Liverpool. He considers the present 
system of shipbuilding, as to the proportions of length, 
“ breadth, and depth, a most objectionable one, and that, unless 
“great judgment is used in loading such ships, they will be 
‘* very dangerous at sea. Mr. Wilson has retired from business 
‘+ for some years, and no doubt the change must be very striking 
“ to him betwixt the proportions of ships built in his time and 
“ the present, when the length in proportion to the width is as 
“ eight and even tento one. This is, no doubt, a most impor- 
“ tant subject, and may engage the attention of practical ship- 
* builders.” 

As regarded the strength of iron ships, when considering 
them in comparison with girders, it was probable that we had 
not yet attained the maxiinum, as regards length, to which iron 
ships might be extended. By greatly increasing the strength 
in the centre, and gradually lightening the ends, and working out 
the proportions on true scientific principles, greater length might 
be attained. 

The first point that must engage the nava! architect’s atten- 
tion was safety. That point having been settled, we have to 
consider what is the question which most materially interests 
the owner of a ship, to which the naval architect has to direct 
his attention. This question is a purely commercial one, and 
may be summed up in these words, ** What will pay best, com- 
mercial ships being alone under consideration ?” When we speak 
in general terms of the length, or breadth, or depth of a ship, 
we speak relatively of the length in proportion to the breadth, or 
the beam in proportion to the depth, it we say a long ship, we 
mean that it is so relatively with the beam. 

A principle frequently discussed at previous meetings might 
be considered as settled, viz., with a given immersed midship 
section—a given power—and length sufficient for a given form 
of ends—we shall have the fastest ships which such given points 
allow, and any increase of length, with the immersed midship 
section unaltered would diminish the speed. 

We had to consider whether we could employ steam vessels 
successfully in a direct trade with distant ports in the Mediter- 
ranean, North and South America, East and West Coasts of 
Africa, India, China, Japan, Australia, and the ports in the 
Pacitic. ‘The author believed it to be a settled point that short 
ships, however fast, would not do this, and, if so, it appeared to 
be a question of long ships or none. If long ships, then, were 
essential, we had next to inquire, Can long ships be safely na- 
vigated ? 

It would be remembered that the Amalia and the London 
were both required to fulfil the above conditions of trading 
direct from this country to distant ports, and that they 
must be so worked to pay the owners, or the trade must be 
abandoned. 

But assuming that in ships propelled by steam, the power and 
carrying capacity being given, the highest results in speed and 
economy of working would be found in the ship which had the 
greatest disproportion between the length and the beam, there 
must sevatiaiees be some practical limit to this disproportion 
aud the question was, where was it? We might say, first, that 
the limit was to be found where danger began. The conve- 
nience of docking and of turning the ship in narrow and con- 
fined positions was a point to be carefully considered. Many 
ships, however, traded to ports where this was only a secondary 
question, especially if it was considered that long ships had an 
advantage when in dock—they atiurded greater facilities for load- 
ing and unloading, having room for more hatches and for a 
larger number of men. Again, there could be no doubt that 
vessels having a great length in the sense above explained had 
an increasing tendency tu ship water over the ends, and were 
what is called wet ships, in consequence of not adopting them- 
selves so readily as a shorter vessel to the uneven surface of 
the sea when the waves exceed a certain length relatively with 
the length of the ship; but, as a set off, the longer slip had a 
great advantage when the waves were short, the pitching being 
reduced to a minimum, and, consequently, a higher speed being 
obtained. But granting that the long ship did suffer as stated 
when the waves were very long, could we not relieve the vessel 
materially by higher bulwarks and by covering the deck forward, 
as well as by adding to the facilities for freeing the deck trom 
water when it did come on board. It did not appear that vessels 














latest of the new armour-piercing guns, at Shoeburyness, pene- 
trated the Warrior target, and burst as a true shell. He thought 





which have been drawn out to unusual proportions, and where 
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recautions have been taken, had suffered more when at sea 
than other ships. 

Mr. Grantham designed a screw steamer upwards of twenty 
years ago, and the ‘* dangerous” proportions of 7 breadths for 
the length were adopted to the alarm of many. The same 
steamer, however, under another name, was doing good service 
to the owners, carrying immense cargoes through the German 
Ocean with simply this difference, that 2 breadths more had 
been added to her length, conferring a proportionate benefit to 
the ship and owners. 

In many other cases were to be found increased length given 
to old ships, to the great advantage of all concerned. 

Another illustration was given. A vessel of about 32 ft. in 
breadth, and already about seven times the beam for the length, 
had an addition of about 80 ft., or about 24 breadths, given to 
her; new and more efficient boilers were given at the same time, 
but otherwise all remained as before. When this vessel had 
been at work about two years, some of the officers who had been 
with her before the alterations, were examined as to the qualities 
of the ship resulting from these alterations; they pronounced 
her to be more comfortable at sea, about the same in speed and 
cost of working as before, while her carrying qualities as regards 
cargo were about doubled. The only thing that might have been 
reduced was the speed, but this had been maintained by in- 
creased boiler power. No proof need be offered of the benefit 
derived by the owners by the change. 

Confidence being thus gained, additional length was given to 
new ships. During the last ten years ships had been gradually 
increased in length. The well-known Holyhead steamers built 
by Messrs. Laird and Sons and Messrs. Samuda Brothers, having 
the proportions of 350 ft. to 35 ft., or ten times the beam for the 
length, and —— by engines of 700 horse power nominally, 
but worked probably to four times that power, had encountered 
the short and trying seas in the Race of Holyhead for several 
years without any apparent failure. One, the Ulster, after six 
years of hard work, had just received new boilers; when opened 
out, the ship was found to be quite sound, and no repairs were 
required. ‘The managing director had written to Mr. Grantham 
as follows: “I know no reasons to regret that the Holyhead 
“mail boats have been built of the length of 350 ft.; no sign 
“of any weakness has appeared, and we have watched them 
“closely. ‘Ihe Ulster is now in Liverpool, and has got in her 
“ new boilers; no repair has been made to her hull; that is a 
“ good deal to be able to say after nearly six years of hard work, 
“and is highly creditable to the Messrs. Laird of Birkenhead, 
“ who built ler.” 

The screw steamers now encountering the Atlantic at all 
times and under all conditions, frequently laden to apparently a 
dangerous extent, were gradually increased in size, and with a 
greater disproportion between the length and the breadth, 8 and 
9 breadths for the length being now frequently adopted. 

A well-known firm in Liverpool had, teu been for several 
years in advance of all others in the great length of their ships. 
Having tasted the benetit of long vessels, they had determined 
to adopt still more extraordinary proportions, and report added 
that commercially they had met with great success. Messrs. 
Harland and Co. of Belfast had given the following details of 
vessels built by them for this firm since 1859: 

“ All long vessels,” they say, “‘ship water more than} short 
ones; but the vessels named below are better sea-boats in pro- 
portion as the length was increased. The Persian is the last 
and makes the best weather passages of any boat they have. 
Venetian ft. ft. ft in. in. 

Sicilian > 270 x 34x 28 full poop, teak deck, cyl. 54 x 39 stroke, 
Syrian j proportion of length to beam 7.94, 

Grecian 310x 34x25 = flush, iron, cyl. 54x 404 

Italian } or 9.1 

Egyptian ) 3: 


Dalmatian | 221 *34x25 = do. do. do. do. 


Arabian or 9.73 

Persian 360x 34x25 = do. do. do. do. 
or 10.6 

Steamers a es oq § tospar ja 

building j 390 x 37 x 29 U deck } do. 60x45 
or 10.5 


Note-—The lengths are all taken as between perpendiculars. 
The Venetian class are 9}-knot boats, and the Persian is an 11- 
knot boat: the intermediate boats are in average attaining a speed 
in proportion to length between these speeds (94 to 11); as the 
length was increased they were made a little shay'per.” 


It was not denied that as extraordinary proportions were re- 

sorted to, extraordinary care should be observed in the details of 
construction ; but this was nothing more than what should be 
the aim of every scientific builder in every case. 
_ In the vessels above alluded to, the decks were entirely of 
Iron, the hatches were carefully constructed with rounded cor- 
hers, so as to avoid angular points where fractures may com- 
mence. 

The members present had doubtless read the official reports of 
the gentlemen commissioned by the Board of Trade to investi- 
gate the circumstances which caused the loss of the Amalia and 
London iron screw steamers, and had noticed the repeated re- 
ference, by many experienced men to the supposed dangerous 
agh of these ships, 

_ The proportions as taken from the official reports were as 
follows: The Amalia lost Jan. 12, length 2777, ft., beam 37; ft., 
depth 20,9, ft., or 7.42 beams for the length. 

fhe London lost Jan. 11, length 267,3, ft. beam 35,%, ft. 
depth 247; ft., or 7.44 beams for the length, or not quite 74 times. 

Now, those who advocate the adoption of proportions such as 
those of the Holyhead steamers, or of those vessels built by 
Messrs, Harland and Co., might with equal justice argue that 
the danger of the Amalia and London arose from their being too 
short, seeing that much longer vessels rode safely through the 
Storm in the same seas. It was quite clear that we must look 
to other causes, and happily we have information which will 
ee reasous for the fearful results which were pro- 
_ Inthe case of the Amalia, it is supposed that two causes were 
Mm operation to fill the engine compartment with water and put 
out the fires. Frst, by the displacement of the lids of the coal 
ns and, secondly, by the fracture of some sea pipe in the 

ngine room; that the fires. being extinguished from the first 
_e the labouring of the ship, now greatly increased, fractured 
Pipe or pipes, 





In the case of the London, everything pointed to the loss of 
the engine hatch as the immediate cause of the accident. Those 
who know the large gap, 12 ft. x 7 ft., made in the deck from 
such a loss, and the difficulty of replacing it in a heavy sea, would 
agree that there is sufficient to account for wiat followed. But 
though this might have been the immediate cause, there were 
probably many precedent causes that might fairly be considered 
as being points to which the attention of the Institution should 
be directed. 

Before all other points Mr. Grantham wished to draw attention 
to the practice by which all science was set at defiance, that of 
loading the ends of long and fine ships, of vessels destined for 
long voyages, and therefore deeply Toe. This was con- 
spicuously apparent in ships with full poops and forecastles, 
leaving the waist comparatively low, the excessive weight of 
the ends causing the ships to plunge deeply, and of large bodies 
of water being pitched into the waist, where in steam ships so 
many vulnerable points are found. Not the least of these is the 
engine hatch, seeing also that this part of the ship is encumbered 
by houses and galleys the water does not readily get away and 
thus a heavy weight is thrown on the deck, But when in the 
place of this the two ends are united by what is termed a spar- 
deck many benefits are found to result, and very few dis- 
advantages. 

The ship is then so much more capacious—the danger of 
taking seas on board is then so much reduced, or when they do 
reach this deck are easily cleared, and the hatches are much 
less dangerous The ship also is much strengthened, with very 
little additional weight, and the new regulations at “ Lloyds” 
favour this class of ship. 

Where, however, the vessel is not protected by a spar deck the 
engine hatches require the greatest attention, these should all be 
of iron carried upa considerable height above deck, and strongly 
bolted on the deck beams. Many losses have occurred in 
consequence of these hatches being insecure. ‘The scuppers for 
the coal bunkers should in every case be raised above the deck 
by an iron ring at least 18 in. high, and the lids secured by a 
hinge and clasp. Swinging ports of large urea should be made 
in several parts of the bulwarks to relieve the vessel of water 
when it does come on board, and should it be found necessary to 
carry Coals on deck, proper pens should be constructed to receive 
them, so that they cannot be washed about in bad weather. 

But should the tendency to increased length prevail, an 
entire iron deck giving the greatest amount ot strength to the 
body of the ship, and affording the means for better securing 
the hatches and houses upon it should be adopted. The plates 
may be planked over like an ordinary ship it required by the 
owners. 

Mr. Scott Russell said he was one of those who believed that 
a ship of any proportion that might be expended of length to 
breadth could be made perfectly wholesome, perfectly safe, and 
perfectly sea-worthy. He did not know what were the causes 
of the loss of either the London or the Amalia, and not knowing 
what the causes were he could not speculate as to what they 
might have been. All men who had built ships felt with deep 
mortification very often that the moment a ship left the builders 
hands and got into the hands of the stevedore, the poor ship- 
builders, and very often the shipowner, had no earthly control 
over the fate of the ship. With regard to what ought to be done 
in order to prevent the repetition of such an accident as the loss 
of a first-class ship with first-class owners of high reputation 
with a captain ot great experience, under something lke ordi- 
nary circumstances in an ordinary sea. He thought nothing on 
earth would prevent the bad stowage of a good ship, and no- 
thing on earth would prevent a bad stowed ship from going to 
the bottom in a heavy sea. ‘There were two things necessary 
with regard to those very long ships which had not yet been 
ordered by_Lloyd’s surveyors. He knew nothing which would 
add so much to the safety of a long iron ship as having a com- 
plete iron deck, and of having every projection above that deck 
made of iron, one with the deck, and immovable as to the deck 
itself, carrying all the apertures either to the level of the spar 
deck, or as much towards the level of the spar deck as possible. 
He thought those were two elements of the greatest importance. 
Unfortunately, there was nothing to instruct the captain or 
anybody connected with « new ship, with regard to 
the peculiarity of structure of that ship. He had seen 
a paper which was sent out with every French ship 
in the navy, which contained the lines of the ship, 
and showed the low water line, and the light water line, 
and that paper was accompanied with information as to 
the weights which could be carried with buoyancy in different 
parts of the ship, He would suggest that the Board of Trade 
or the customs should make this rule—that added to the ship’s 
papers there should be such a complete detail of the peculiarities 
of the ship’s structure as Lloyd’s had in their own books for their 
own information. He suggested the centre of weight of the 
stowage should be marked upon the ship, so that the person who 
had charge of the stowage could see the heavy weights were 
there (Hear, hear); and if he had the buoyancy of each of the 
compartments marked, then he would have to take care that 
into each compartment he did not allow a single pound more 
of weight to go than was mentioned (Cheers), 

Admiral Belcher said, as the question was one which involved 
seamanship, and as he had had a great deal of experience, he 
thought he might say that there was no vessel which could be 
built or turned out of the shipbuilders’ yards in England that a 
good seaman would not make the most of, he would stow her as 
a seaman should stow her, he would humour her to rise in the 
sea, and let her head be above the sea. If she pitches, a seaman 
knows how to deal with her, in fact, in ships of war the very 
guns were thrown overboard in order to relieve the ship. If a 
seaman found that the ship pitched bows under, he would move 
the bow guns aft, and trim the ship so as to ascertain her 
precise humour. In one case he had taken the command of a 
ship which had become unruly aud unmanageable, and which the 
previous captain had left, in fact, from fright, but in the course 
of twenty-four hours he had brought the ship to humour. 
With regard to Her Majesty’s Ship, Blossom, it was badly 
trimmed and was down by the bows. He was on the forecastle ; 
they had close-reefed sails going round the Horn, and she gave 
the most desperate plunges with seas coming right aft. He said 





to the captain, “ You have been in this ship before, and round 
the Horn with her; does she do this often?” ‘God bless you, 
sir, she is down one tack, and comes up the next.’’ He (Ad- 
miral Belcher) then took the command of the ship, and in a few 
hours she was as easy as a glove, With regard to the cigar ship, 
he would just as soon go to sea in that ship, if the length was 
sixteen times her beam, because he knew her strength was com- 
plete; but with regard to the London, as far as he had followed 
the evidence, there was one fatal error. That ship carried 
15 tons of coal in the nose, which could not be done without 
straining. If that course had not been pursued, she would not 
have laboured in those seas, but probably by lying-to would 
have got rid of her coals, and the ship would have been saved. 

Mr. Liggins thought that if the length of the London had not 
been so great, but she had been more in the form of many 
of Mr. Wigram’s ships, she might have been afloat now. 
He thought she was too long and too sharp at both ends to rise 
with sufticient rapidity to keep the sea from flowing over her. 

Mr. Reed said that he thought that the length was important 
with reference to passenger vessels, as it was the most conve- 
nient mode of getting accommodation, and it would hardly be 
fair to draw a line between cargo carrying vessels and passenger 
carrying vessels upon that ground. He thought that the dimen- 
sions of the London were moderate dimensions, and that the 
proper conclusion to draw from the sad catastrophe was the great 
importance of looking after minor details, which seemed, some- 
how or other, to get neglected, and which it was difficult to 
make good in a heavy sea. As far as he had been able to inform 
himeelf from the evidence, lie thought there was no great lesson 
to be deduced from it beyond the general one, that the element 
to be encountered was a terrible one under some circumstances, 
and that no precaution should be spared to give every vessel 
every possible security that could be obtained. He thought it 
improper that the institution should allow it to go forth that 
seven times the breadth was so disproportionate as to make a 
vessel unseaworthy. 

Mr. N. Barnaby then read a paper on “ Economy of Material 
in lron Decks and Stringers.” : 

Mr. J. R. Napier said that he quite approved of the paper 
which had been read by Mr. Barnaby. 

The Chairman said the subject was one of very great import- 
ance. It was a matter of perpetual anxiety with persons who 
were designing iron ships to cheapen and reduce weight 2s much 
as possible. In the or ye they had started with the saving 
of a ton per foot in length, and as the work progressed a very 
much larger saving was effected. He believed that the proposal 
of Mr. Barnaby was perfectly sound in principle. Some things 
were strong when they appeared weak. He would suggest that 
Mr. Barnaby might, with great advantage to the institution, ap- 
pend to his paper a report of the experiments which had been 
made. (Cheers.) 





Mr. Grantham, Member of Council, also read a paper giving 
some particulars of the iron screw yacht Vesta, built for Lord 
Newborough, of Carnarvon, for the use of himself and family, 
and frequently employed by his lordship in voyages to the Medi- 
terranean, Norway, aud other places. Her length at the load 
water line was 110 ft., length over all, 125 ft., extreme breadth, 
21 ft., and depth of hold, 12 ft. She was rigged as a two- 
masted schooner, and fitted throughout with neat cabins. 

She was propelled by two oscillating engines, applied direct to 
the screw and shaft, having cylinders 27 in. diameter and 24 in. 
stroke, nominally 40 horse power. Her boiler was much too 
smal!, but this had since been replaced, and she was now in ex- 
cellent condition. Mr. Grantham had designed both vessel and 
engines, and she made her first trial in 1848. 

istorically this vessel was interesting, as being the first 
regular sea-going screw steamer built on the Clyde. The order 
was entrusted to Messrs. ‘Tod and M‘Gregor. 








A Gigantic TempLe.—A correspondent of the Madras 
Atheneum describes the sanctuary of Ramisweram, the moss 
renowned in Southern India. It is on a small island of tht 
same name forming the western portion of the famous Adam’e 
Bridge which connects Ceylon with the continent. ‘The Ramayan 
teaches that this bridge was made by Huniman, King of the 
Apes, when he rescued Seta the wife of Ram from the demon 
Ravana. The island is fifteen miles long and five broad; it 
produces nothing but cocoa-nut trees. According to the temple 
records, it was united to the mianland, from which it is now 
about a mile distant, till three hundred years ago. A paved 
causeway, shaded by trees on both sides, runs from Paumben to 
the temple, a distance of eight miles. ‘This was laid down by 
Setharamanatha in 1815. All along the sides of this there are 
numerous tanks, wells, and chuttrums, most of them in ruins. 
lhe approach to the temple is a long, wide, and clean Brahminy 
street; the entrance is a massive gateway 100 ft. high, orna- 
mented with pilasters of single blocks of carved stone. On 
entering the visitor passes into a colonnade upwards of 600 ft. 
in length, being one of four corridors arranged in the form of 
asquare. The long vista of curiously carved pillars is singularly 
imposing. ‘Lhe roofs and wails are covered with pictures of 
events taken chiefly from the Ramayan. Within the centre of 
the quadrangle is a large tank of very holy and very dirty water, 
in which thousands have bathed to obtain purification from sin. 
The chief idol is kept in the sanctuary of the eastern side which 
was built by Volganatha Pandarum in 1368. The idol is said 
to have been made by Ram himself. It is bathed every day in 
Ganges water. The whole may be described as a large and 
magnificent palace in which Siva, his wife, their two sons 
Subramanyen and Pulliyar, and their friend Hanuman reside. 
Visitors are shown round the royal apartments ‘just as at 
Windsor.” It is suid that Mangamala, the regent of Madura, 
who had eaten pawn with her left hand, expiated the crime by 
making roads with avenues of trees from Kasi (Benares) to 
Ramisweram, a distance of 1500 miles. It was the custom, 
whenever a pearl fishery took place, to give part of the first 
haul to this temple, but Government has very properly dis- 
continued the practice. The building is described as “ large 
enough to contain St. Paul's, Westminster Abbey, Lincoln 
Cathedral and- York Minster.” 
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PUBLIC WORKS FOR INDIA. 

On Wednesday last, Earl de Grey and Ripon and 
Mr. Stansfeld received at the India Office two depu- 
tations from Manchester, one from the Chamber of 
Commerce, and the other from the Cotton Supply 
Association. ‘Ihe object of both was to present to the 
new Secretaries of State for India memorials setting 
forth the policy which, in the interest of the cotton 
trade of Fer Mo it is desired that the Government 
of India should pursue. The Chamber of Commerce 
expressed a hope that under his lordship’s direction 
the best interests of India and those of this country, 
in so far as the two were connected, would be fostered 
and promoted, and pressed upon his lordship the mea- 
sures conceived to Ve essential to the pe sete of 
the material resources and conducive to the general 
welfare of that country. The foremost amongst those 
measures were stated to be the prosecution of public 
reproductive works, such as canals, works of irrigation, 
railways, &c., by a department with authority to raise 
loans, and with a total separation of accounts from the 
Indian Budget, and encouragement and concessicns 
to public companies who might be disposed to under- 
take such works. 

We fully concur with the Chamber of Commerce 
that the prosperity of India is mainly dependent on the 
prosecution of public works, and further assert that 
it nust inerease in exact proportion to the extent to 
which such works are carried out. Earl de Grey’s 
reply, though courteous and satisfactory so far as it 
went, yet promised nothing. He seemed to take sa- 
tisfaction from the fact that during the last year 
5,700,000/. had been expended on such works, of 
which sum, however, a part, although “not quite so 
“ large a proportion as seemed to be supposed,” had 
been devoted to barracks and public buildings. But 
what is an expenditure of 5,700,000/. on public works 
(including public buildings) in a country possessing an 
area of 1,004,616 square miles, and a population of 
143,271,210, exclusive of native states and foreign 
possessions? It is just 5/. 13s. 53d. per square mile, 
and not quite 94d. per head of the population. At 
such a rate of expenditure we fear it must be many 
years before the resources of India become fully de- 
velo ved. 

We are aware that, unlike any other country in the 
world, the public works of India are carried out by 
what can be spared for that purpose from revenue 
each year; but the time has now arrived when the 
Government must be prepared either to carry out 
irrigation and other B= itself, or allow private com- 
panies to do so. The present revenues of India are 
quite unequal to the task, neither do we suppose it 
would be possible so to increase taxation as to provide 
sufficient means for the purpose, and such a course 
would also be inexpedient were it practicable. By 
means of loans raised by Government such works 
might be extended to a vast extent, and at the same 
time a reduction be made in the taxation of the country. 
Supposing, for instance, it were determined during the 
next year to spend 15,000,0002. on public works in 
this manner, the charge on revenue would only be the 
interest on that sum, which, at 5 per cent., would 
amount to 750,000/.; that is to say, the revenues 
would be relieved to the extent of 4,950,000/., and 
three times the amount of works could be executed. 
A similar expenditure might be incurred for seven and 
three-quarter years, and a total capital of 114,000,000/. 
be laid out, before the interest on the same would 
amount to the sum now aunually set apart for public 
works ; but by their reproductive nature many of the 
works that would be undertaken, at the same time 
that they must conspicuously advance the prosperity 
of the country, and so enable the people to bear in- 
creased taxation, would, by the returns they would 
yield, still enable Government to keep taxation below 
its present limits. 


RAILWAY BRIDGES. 

We gave a description, three weeks ago, of an eight 
wheel tank engine, on the Vale of Neath Railway, 
weighing 56 tons, this weight being upon a wheel base 
of but 15 ft. 3in. We gave our reasons, in our last 
number, for the belief that much heavier engines will 
yet be required upon all lines. Indeed the growing 
weight of railway rolling stock goes on at as rapid a 
rate now as ever, and although we may not have seen 
such engines we hear of designs up to 60 and even 
70 tons. Wemay conclude, therefore, that we are not 
far from the time when railway bridges will require to be 
of increased strength. Heretofore, from 1} to 1.4 tons 


per running foot of single line have been considered 





as maximum weights, but here are the Vale of Neath 
engines weighing 56 tons in a length, over buffers, of 
about 30 ft., or nearly 2 tons per foot, or say 33 tons 
per foot of a double line of such engines. Loaded 
coal wagons, indeed, are now as heavy per foot run, as 
were locomotives a few years ago. ‘The 16 ft. wagons, 
carrying 10 tons, and weighing, empty, over 5 tons, 
give nearly a ton per foot run. 

~ On the other hand, there is a growing impression 
among engineers that the maximum strain upon the 
iron should not amount to that now sanctioned by the 
Board of Trade, viz.,5 tons per square inch of section, 
whether in extension or compression. In the bridges 
of the Ceylon Railway, of which Mr. Charles Hutton 
Gregory is the engineer, and in the design of which 
bridges Professor Pole was, we believe, consulted, the 
maximum strains were but about 3}$ tons per square 
inch in tension, and 24 tons in compression. The 
French engineers, and those of Italy and Holland, have 
in many, if not in all cases, adopted a maximum strain 
of 6 kilogrammes per square milllmétre, equal to about 
3.7 tons only per square inch. 

Now if we are to build bridges of wide span, say 
from 200 ft. to 500 ft. (and the Dutch Government, as 
we mentioned a fortnight ago, are about to undertake 
a railway bridge of 492 ft. clear span), and if these are 
to bear the heaviest present aud prospective rolling 
stock, and to be strained to but from 3 to 4 tons per 
square inch, it is evident that either different propor- 
tions of the weight to the span of these structures 
must be adopted, or that steel must take the place of 
iron. The latter would appear the more likely. 

The subject is one which should be considered in 
time by engineers, if, indeed, it has not already forced 
itself upon their attention. 


BRIDGE STRAINS. 

Tue power of estimating bridge strains almost by 
inspection, after the load is known, is one of great 
value. There are many engineers who, so far from 
applying elaborate formule, can, almost in a few mo- 
ments, go through a complicated truss, and take out 
the several strains with certainty. This facility comes 
from a clear and ready insight into the principles 
which govern the distribution of strains in trusses. 

A load, however it be placed upon a bridge truss, 
produces vertical pressures upon the two end piers, 
which pressures, when added together, are necessarily 
equal to the load itself. In other words, the effect is 
necessarily equal to the cause. If the load be uni- 
formly distributed along the truss, or if it be concen- 
trated at the middle of the span, it will in either case 
be borne, one half upon one pier and one half upon the 
other. If the load be placed at some point between 
the middle of the span and one of the piers, more than 
one-half its weight will be supported upon the nearest 
vier, and less than one-half upon the farthest pier. 
rhe proportion of the whole load which will be 
borne upon either picr will be inversely as the 
distance at which the load is placed from 
that pier, as compared with the whole span of 
the truss. Thus a given load at one point 30 {t. from 
one end of a 100 ft. span will bear with seven-tenths of 
its weight upon the nearest, and three-tenths of its 
weight upon the farthest pier. Taking 22} ft. from 
one end of a 93 ft. span, the farthest pier would bear 
%°rds and the nearest pier would bear %°rds of the 
total weight of the load. And not only is the load 
borne in these proportions upon the piers, but the 
proportions which the strains, upon the struts or 
tension rods extending towards the respective piers, 
bear to each other, will be precisely in the same ratio. 
Thus, no matter through how many “ panels,” or series 
of struts and tension bars, the strain passes, in the 
ease of the load and span last instanced, the strain 
upon each and all the struts or bars on the side 
towards the nearest pier will bear the same pro- 
portion to the strains on all the corresponding 
struts and bars on the side towards the farthest 
pier, as 70$ to 224. If the reader—and we are now 
writing more especially for our younger readers—will 
sketch a truss with parallel top and bottom members, 
and having a depth of one-twelfth its clear span be- 
tween piers, eal will divide this into twelve equal 
paneis, by eleven upright strats, it will illustrate a 
vase. Suppose a load to be borne at the foot of that 
strut which is at five-twelfths the span from the right 
hand end. From the foot of that strut draw inclined 
tension rods to the tops of the next struts, on each 
side, and from the feet of these struts, other tension 
rods, extending, one to the left and the other to the right 
as before, to the tops of the next adjacent struts, and so 
on to each end of the span. The strut over the load will 








the right hand, or near end of the span, will bear a 
compressive strain equal to seven-twelfths of the load, 
while each of the struts towards the left hand, or 
distant end of the span, will bear a compressive strain 
equal to five-twelfths of the load. € respective 
tension rods, on either side, will be strained in the 
same proportions, comparing those on the right hand 
with those on the left; but, being inclined, they wil] 
suffer an absolute strain greater than seven-twelfths 
and five-twelfths respectively of the load. The strain 
upon an inclined tension bar, or an inclined strut, is as 
much greater than the load, acting vertically to cause 
the strain, as the length of the bar or strut is greater 
than the vertical distance between the ends of the bar 
or strut. In a bar or strut inclined 60° from the 
vertical, or 30° from the horizontal, the actual strain 
is twice the load causing the strain, the length of the 
bar or strut being twice the vertical distance be- 
tween its ends. If, in any given truss, the inclined 
members measure, say 1.4 times the vertical distance 
between their ends, then they will each be strained to 
1.4 times the load acting upon each. 

The most convenient mode of taking out the strains 
in a rectangular truss, supposing the weights equa'ly 
distributed among the several panels, is to consider the 
weight for each panel further subdivided into as many 
parts as there are panels. Thus for twelve panels let 
the weight for each panel be represented by 12, making 
a total distributed weight of 144 units, the actual 
value of each unit being any quantity in tons or frac- 
tions of aton. Then taking the 12 units at the point 
which divides say the fifth from the sixth panel, going 
from say the right hand end, seven of these units 
would go to the right hand and five to the left hand pier. 
At the centre of the span six units would go in each 
direction ; and at the next dividing point between the 
panels, five units would go the right hand and seven 
to the left, and so on successively, as the strains were 
taken out for each panel. The units of strain, in each 
bar or strut, are then easily added up, and multiplied 
by the load in tons or fractions of a ton which they 
represent, and the further proper correction is made 
for inclination, as already explained. 

We shall not now enter upon the consideration of 
the horizontal strains at different points along the top 
and bottom members. But we may say something of 
the strains at the centre of the span. We will sup- 
pose the weight of the bridge and load to be equally 
distributed along the whole span. Each half span 
then carries half of the whole weight, and as tle centre 
of gravity of the weight upon each half span is half 
way between the pier and the middle of the span, the 
effect of the equally-distributed weight is the same as 
that of one-half as much weight acting at the middle of 
the span, where its leverage would be twice as great 
as when distributed. We will, then, suppose but 
one-half of the whole uniformly distributed weight 
of the bridge and load to act at the middle of the 
span, and we will suppose this to be again sub- 
divided between the half spans. The half spans may 
for a moment be supposed to be cut apart at the 
middle, when each wal carry its own load, equal to 
one-fourth the distributed weight of the whole bridge 
and load. Suppose the length of the half span to be 
six times its depth. It may be considered as a lever, 
with its fulerum upon its corresponding pier, and its 
load acting with a leverage of 6 to 1 to turn the end of 
the truss, at the top, inwards towards the opening of 
the span. The load of the other half span is doing the 
same, and it would thus require a horizontal strut, or 
compression member to keep the upper corners of the 
truss from falling towards each other. This strut would 
require to resist a force equal to six times the weight con- 
centrated at the end of each half span, or to three times 
the concentrated weight at the ends of both half spans 
(or at the middle of the length of the bridge), or to 
one-and-a-half times the total uniformly distributed 
weight of the bridge and itsload. By anearly identical 
course of reasoning, it can be shown that the tension 
at the middle of the bottom member is exactly equal 
to the compression in the upper chord. And it may 
be set down as a conclusion that where the span s 
exactly eight times the depth, the strains at the mid 
length of the top and bottom members are exactly equal 
to the total uniformly distributed weight of the bridge 
and its load. If the span is ten times the depth, the 
strains are 1} times the weight; if twelve times the 
depth, 1} times the weight, and so on. 








Pxat.—The Derrylea Peat Works, visited last summer by 
the members of the Institution of Mechanical Engineers, —_ 
been in active operation ever since, the two kilns oonien 
200 tons of peat weekly, which is now selling in Dublin at = 
per ton. ‘Two new kilns are being erected, and the present - “ 
of production will soon be doubled. Works upon the same pi 





bear no weight; but each of the other struts towards 





are being erected in Holland. 
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INSTITUTION OF NAVAL ARCHITECTS. 
(Continued from Page 191.) 
William Fairbairn, LL.D., FR.S., read a paper, of which the 
following is an abstract, upon the Security of Iron Ships. 

In this communication it would not be without interest to 
endeavour to show the advantages and disadvantages of the 
leading features of high speed constructions, and to exhibit the 
differences which should exist between a vessel intended for the 
navigation of smooth water, and another that had to contend 
with the roiling seas of the Atlantic. 

For the first class of vessels it was necessary to have great 
lengths, narrow beams, and diminished depths; for the second, 
it was important that these dimensions should be altered in order 
to meet all the contingencies of strain in a rough sea. For ex- 
ample, if we took a vessel 320 ft. long, 40 ft. beam, and 26 ft. 
deep, we arrived at the following proportions of eight times the 
beam and twelve times the depth for the length. Now, a vessel 
of this construction, with fine lines, was admirably adapted for 
speed, whether propelled by wind or steam, but her security was 
doubtful, if heavily laden, when subjected to pitching and 
rolling in a tempestuous sea. A vessel of this description woald 
be wet and most uncomfortable, and her want of buoyancy at 
the stem and stern would cause her to bury her bows to a con- 
siderable depth when pitching, and sweep her decks with tons of 
water as she rises to the surface. But this was not all, as at every 
plunge the ship laboured heavily, and suffered severe strains by 
the weight of water she had to lift in ascending from the middle 
tothe crest of the wave. In every case of high speed in smooth 
water these proportions and fine lines wore highly advantageous ; 
but in those intended for long sea voyages, it was questionable 
whether or not some slight sacrifices should be made as regards 
speed, and some modifications effected in the build, in order to 
meet all the requirements of a safe and convenient vessel, in- 
tended for the double purpose of accommodating both passengers 
and cargo. 

In this communication it would not be necessary to enter 
upon the calculations of resistance to strains in such vessel. The 
object was to show that they are in actual existence; and some, 
from their slight build and great length, had comparatively but 
a small margin of strength, and were therefore not trustworthy in 
cases of a heavy cargo and foul weather at sea. To render vessels 

rfectly seaworthy, the author would recommend that their 
feogths should never exceed seven times the breadth of beam and 
ten times the depth. In these De Ney he was assuming that 
the ship was strong and substantially built,and that in the es of 
the lines of least resistance being observed at the bows and stern, 
that additional buoyancy should be given, in order to enable the 
ship to rise freely on the sea, and by increased displacement the 
discomfort of the sea sweeping the decks would, to a great ex- 
tent, be avoided. 

It was some years since the author endeavoured to impress 
upon the minds of naval architects and builders the necessity of 
increased strength in the hulls and upper decks of iron ships, 
in order to balance the two forces of tension and compression. 
He also pointed out the advantages to be derived from the lon- 

itudinal keelsons, cellular principle of construction, water-tight 

ulkheads, and double bottoms; and when we considered that 
the strength of a vessel is the naximum resistance of its weakest 
part, it followed that any increase of material where it was not 
required was the very reverse of useful, and never failed to 
prove injurious. In every structure subjected to strain, it was 
desirable that uniformity of strength and the laws of proportion 
should be strictly observed, and the author thought that a close 
adherence to sound principles of construction in iron ship- 
building would not only mitigate the evils of which we complain, 
but would ultimately lead to increased efficiency and an im- 
portant saving of the lives and property of the country. 





Professor Rankine read a paper, of which the following is an 
abstract, upon a Balanced Rudder for Screw Steamers. 

1. Ir was well known that Mr. Arthur Rigg has proposed to 
use fixed deflecting blades, for receiving the current of water 
driven obliquely upwards by paddles, and obliquely in various 
directions by the screw, and turning that current into a direc- 
tion right aft; in order that the increased pressure on the con- 
cave surfaces of such blades, and the diminished pressure on 
their convex surfaces, might produce an additional thrust for 
driving the vessel, and thus save power which would other- 
wise be wasted. ‘That invention was correct in principle; and 
from the reports of recent experiments, it appeared to be likely to 
succeed in practice as applied to the screw. 

2. Considering that fixed deflecting blades were applicable only 
to vessels which have an after sternpost abuft the screw, and 
not to those which have a balanced rudder and no after stern- 
post, Mr. James R. Napier and the author of this paper bad 
proposed to make the balanced rudder itself deflect the water 
gradually into a right aft direction, by so shaping it that, when 
the helm is amidships, the forward edge of the rudder should 
stand tangentially to the current coming from the screw, and 
that its after edge should point right aft. 

8. It was observed, that the ordinary plane rudder, when 
standing amidships, deflected the stream of water from the screw 
into @ fore and aft direction; but no gain of thrust was thus 
effected, because the pressure of the water on the plane rudder 
acted wholly mene and had no forward component. 

_ 4. A figure showed the construction for finding the proper 
Relination of the surface of the deflecting rudder at its forward 
&¢ to a fore and aft line, and also for approximately estimatio 
th probable gain of thrust through the forward component a 

© reaction of the water upon the rudder. Draw C A to repre- 
= the speed of advance of the screw through a solid (= pitch 

: turns per second); cut off from it C B to represent the read 
ps: oA the screw relatively to the water of which it lays bold; 
r B A shall represent the speed of the vessel relatively to 
alas at her stern * es that water is acted on by the screw, 
mond on backward speed of that water relatively to the 
ACDts n BC asa diameter, drawa circle. Lay off the angle 
of the Prins ey the obliquity of any given strip of the surface 
D. Jen ny @ fore and att line, and let C D cut the circle in 
the velocit ;, this will represent, in direction and magnitude, 

A which the strip of screw surface in question im- 
Presses on the particles of water. Join A D; this will represent 








the resultant velocity and direction of the motion, relatively to 
the vessel, of the particles of water, after having been acted upon 
by the given strip of screw; and this also will be the proper 
direction for a tangent to the surface of the rudder, at that part 
of its forward edge which receives the water from the given 
strip of screw surface. 

5. By repeating the same process for a series of strips of the 
screw blade at different distances from its axis, a sufficient 
number of tangents might be determined to enable a mould for 
the rudder to be constructed. 

6. From the preceding construction, it appeared that the proper 
form for the deflecting rudder was not a screw surface; and, in 
particular, that the obliquity to a fore and aft line at the forward 
edge of the rudder did not, like that of a screw surface, go on 
continually increasing from the boss outwards, but reached a 
maximum at a point opposite that strip of the screw surface 
whose obliquity is such that A D is a tangent to the circle BC; 
beyond which = the obliquity of the rudder continually 
diminishes, while the distance from the axis of the screw in- 
creases. 

7. The screw blades that are moving from the rudder would 
produce forward thrust by diminished pressure on its convex 
surface, just as those that are moving towards it produce for- 
ward thrust by increased pressure on its concave surface. 

8. To ‘obtain an approximate representation of the gain of 
thrust through the forward component of the reaction of the 
deflected stream upon the rudder: Let fall DE ee to 
AC; make A F=A D; then if all the particles of water acted 
on by the screw were deflected into a direction right aft, the 


thrust would be increased in the ratio Fo Biving Ae as the 


proportionate gain of thrust from the water acted on by the 
given strips of screw surface and deflecting rudder surface; and 
the mean value of that fraction for the whole depth of the rudder 
and screw would be the proportionate gain of thrust on the 
whole. But the deflecting rudder acted only on the horizontal or 
thwartship component of the oblique motion of the water, and 
not on the vertical component; hence, about one-half of the 


before mentioned gain (that is, the mean value of TB :) may 


be taken as the proportion borne by the thrust gained through 
the rudder to the thrust of the screw alone, supposing the or. 
ratus to be perfect in its action; and if we take seven-tenths of 
that theoretical gain as the actual gain, the proportion borne by 
that actual gain of thrust to the thrust of the screw alone may 


P EF 
be estimated as =0.85 55 


9. The drag produced by this rudder when the ship is under 
sail alone, may be estimated as bearing the same oy mye to 
the drag produced under the same circumstances by the screw 
that the theoretical gain of thrust bears to the thrust of the 
screw alone. 

10. The deflecting rudder might be expected to improve the 
steering of the vessel ; for when the ordi plane rudder was put 
over, the obliquity of the current from the screw caused it to 
continue to press partially on the wrong side of the rudder until 
the angle made by the rudder with the keel became equal to the 

eatest angular obliquity of the current; whereas when the 

eflecting rudder was put over, the proper action of the current 
upon it commenced immediately. 





——- 


Mr. Rochussen read a paper, of which the following is an 
an abstract, upon Steel Ship Plates and Angle Irons. 

As the ships of the present age are of iron, and those of the 
future are likely to be of steel, the author called attention exclu- 
sively to ships constructed of these two materials, and more 
especially the latter. 4 r 

In all structures subject to vibration and violent strain, elasti- 
city of construction was a necessity, and, in practice, we find this 
also illustrated by the fact, that iron vessels with wire rope 
rigging are far less manageable than wooden ships with hemp- 
rope; let us, therefore, consider, where elasticity is required, 
and divide the bull into three horizontal sections. : 

1. That portion below the planc of the centre of gravity, 
which under ordinary circumstances of flotation is subject prin- 
cipally to compressive strain. : 

2. The section of the ship between the above and the line of 
immersion. 

8. The section above the water line, which uolike-the two 
others, derives no support from the water, and during the rolling 
and pitching of the ship, is principally subject to tensile strain. 

Independent of the different dimensions of frames and plates 
for the several sections, it became the constructor’s duty to 
select a material adapted to the working circumstances of the 
respective position which it occupied. 

Supposing that in building an iron vessel, we employed first- 
class material, equal to the Admiralty test for tensile strain of 
22 tons per square inch, which, of course, would be used in the 
lower section No. 1, we want in section No. 2 also partly, but 
not always supported by water, more strength, while in the 
upper section, No. 8, we must put all the elastic tensile strength 
which the material will permit. Making an allowance for the 
support of the water, the strain upon section No. 2 and 8, when 
the vessel is rolling or pitching, is measured by the line of the 
angle of inclination in either direction, and assumiy, the 
maximum of this angle to be 30°, we want in section No. 3 a 
tensile strength of 29 tons, as compared with the 22 tons of 
section No. 1, but it is safer to take it at 32 tons. 

From this argument it was assumed,ethat regardless of the 
dimensions of different sections, there was no alternative but to 
use a stronger and more yielding material than the present ~an 
of iron, and adopt steel, the manufactare of which by every 
method of converting irons at present in use, permits the attain- 
ment of every degree of elasticity aud tensile strength up to 
35 tons per square inch, as gn increase of the latter at an 
expense of the former. : 5 

faking as a minimum or unit, the strength of material 
situated in a line of the axis of rolling or pitching motion, all 
that placed higher should increase in elasticity in the exact 
proportion of its distance from the centre of gravity. 

And it so happened that the natural formation of mild steel 








admits of a very severe tax upon its elasticity. Iron of 22 tons 
will take a set uuder a strain of 11 to 18 tons, but mild steel 
of 32 tons will recover itself after a strain of 22 to 24 tons per 
square inch, and therefore its application is necessary in those 
portions of a ship, where the material is especially subject to 
palling or com ion strain. 

Nothing tended more to throw discredit upon the use of steel, 
than its indiscriminate and injudicious application; the manu- 
facturer had generally no other guide than the very undefined 
Admiralty test, which while stipulating a maximum of tensile 
strength, entirely overlooks elasticity and ductility, and it there- 
fore often happened, that hard steel was applied, where mild and 
yielding material were wanted. 

The keel, sister-keelsons, stringers, and lower-deck beams, 
wanted comparative stiffness to preserve the integrity of form of 
the ship, and this rigidity should diminish as we reach the 
upper deck beams and water-way, always keeping in view that 
with 4 elasticity of steel or iron, we also increased its working 
strength. 

The author had been impressed with the idea that shipbuilders 
were not willing to turn all the resources of rolling mills to ac- 
count, and still used iron and steel plates in such form as if they 
were deuling with planks. Was there anything to pfevent the 
use of plates, (say 6 ft. wide and 30 ft. long)? It was true the 
larger plates would cost more, but the extra expense was fully 
—- by the saving of rivetted joints and the increase of 
strength. 

The principle of guiding the division of material in the hull 
applied also to the masts and yards. The keel of the former 
should become elastic as it rises above the deck, that of the 
latter in the proportion of its distance from the truss. With 
regard to ibe form of yards, it was suggested that the iron or 
steel should be rolled chequered; in furling or reefing sails, or 
handling a studding-sail-boom, the sailor bas no hands free to 
hold on to the jack-stay, and his safety really depended upon the 
friction of his body against the yard, which, therefore, it is de- 
sirable to deprive of its smooth surface. 

In using steel for topmasts particular care had to be taken in 
the selection of extra ductile material for the lower plates, to 
avoid the danger of splitting by the fid. In order to meet this 
weakness, it was recommended to use of thicker plates and 
strengthening of the fid-hold by a transverse double angle. 








FITMENTS OF STEAMSHIPS. 


Unper the auspices of the North of England Steam- 
ship Insurance Association, a series of printed and 
illustrated suggestions for the better securing of 
steam vessels are being distributed. These sugges- 
tions have been drawn up by Mr. F. W. Wymer, a 
well-known marine engineer, of Newcastle-on-l'yne. 

The inlet openings (or cocks) for water ballast tanks, boiler 
blow off, main injections, cold water pumps, ash, and water 
supply for bearings, should be fitted to bottom of ship at level 
(or cheve if possible) of the ordinary engine-room platform, so 
as at all times to be readily accessible for examination by those 
in charge of engine-room department. The blow-off cocks 
should be of locked description, so that the handles cannot 
be unshipped until the cocks are shut. 

The engine bilge, water ballast, or donkey pumps, should on 
no account be connected in such manner that the water from 
engine or sea could possibly run back into bilges of ship, by 
inadvertence in closing a cock, the breaking or gagging of a valve 
or valves. 

All cocks having two or more ways in shells, should have 
bridges in same, 80 constructed, of breadth sufficient to close 
opening in keys or plugs, when being changed, so that any cock 
shall not be left open to two different pipes at one time. 

The bilge injections, in all cases, to be fitted to condensers 
of main engines, by separate pipes, cocks, &c., from main injec- 
tions of engines. 

The engine bilge, water ballast and d pumps, to have 
each a separate delivery pipe, connected to and through side ot 
ship, at a point not less than 18 in. above deepest load water line 
of ship, so that the working of the pumps may at all times be 
under the surveillance of the officer in charge of the deck. 

The engine-room hatches, ash gratings, &c., to be protected 
by hurricane decks from side to side of ship, in all cases where 
vessel is not a spar deck ship. 

Frequently the air valves applied to bilge pumps are the 
reverse of what is required, these should be so constructed as 
to allow of the accumulated air in chamber of pomp bene dis- 

pa 


charged each stroke, so that pump may be pre or its work 
free of air. 
Illustration of an Arrangement that meets the 


Requirements. 





A. Small opening for relief of air from pump. B. India 
rubber valve for closing same. C. Guard for valve. D. Screwed 
end for securing to pump. 

The coal bunker deck scuttles tobe at legst 9in. in height 
above deck, and so fitted that a tarpaulin may be'readily secured 
over them, by lashing. 
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Illustration of an Arrangement that meets the 
Requirements. 








AA. Cast-iron ring or frame, at least 9 in. above deck. BB: 
Ring for securing lashing of tarpaulin. C. Close cover, or lid 
fitting easy inside ofring(A A). D. Resting ring for cover (C) 
cast on ring (A A), checked out allow of open grating (E) being 

down to rest on solid ring (F), cast on ring (AA). G. 

lange cast on ring (A A), for bolting scuttle to deck (H). 

The bilge pumps, donkey pamp, and bilge injection pipe roses, 
or strums, should be in boxes at level of platforms, easily acces- 
sible, and pipes led from them to bottom of bilges. 

Illustration of an Arrangement that meets the 
Requirements. 








A. Cast-iron box or chest. B. Portable perforated plate 
forming rose. C. Hinged lifting lid, to clear ont chest or rose, 
D. Pipe leading to pump. E. Pipe leading to bilges. 

Where vessels are liable to navigate among ice in rivers, what 
s known as ice cocks to injection, or cold water pump roses at 
outside of ships are very essential for safety of vessel. 

Illustration of an Arrangement that meets the 
Requirements. 








Zia 


A. Inlet pipe for injection or cold-water pipe. B. Perforated 
rose at bottom or side of ship. C. Cock on pipe leading to scum 
or steam pipe of boilers. D. Conducting pipe from cock (C) to 
outside of perforated rose (B). E. Handle for working cock 
(C). When vessel is in vicinity of ice, cock is to be opened, and 
Steam or hot water kept blowing out of nozzle of pipe (D). 
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(1866. Nos. 4—6) 

E. Diiring. Arguments against public loans. 

C. M. Warren. Analysis of light oil of coal-tar. 

De Pambour. Theory of cellular wheels. 

Kirchweger. Smoke consumption in steam boilers. 

On the construction of steam boilers (Report of the Committee of 
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Dr. M. Vogel. Sulphuret of copper ‘unfit for oxidating catechu. 

Béttger. On Cauderay’s electro-chemical process for pointing 
needles. 

Oil of sun-flowers. 

Poneet. Siemens’s regenerative furnaces. 

Jos, Schlegel. Comparative tests of rails of Bessemer metal and 
common iron. 

Galician petroleum. 

Substitute for cotton. 

Béttger. On Braun's reagent on glucose. 

Reform of the law regulating bills of exchange. 

Dr. Max Vogel. Aniline blue soluble in water. 

Fr. Durand. Fireplaces for steam boilers. 

Dr. W. Hallwachs. Estimation of tannic acid. 

L. Ph. Hemmer. Mountings of cylinder-cards. 
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Aug. Kekule. Researches on aromatic compounds 
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J. A. Wanklyn. On the action of oxide of carbon on ethyle of 
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Jos. Khern. On the manufacture of fireproof quartz bricks (with 
plates). 

Siemens. ee for measuring water in water pipes (with 

ates ). 

Prof, H. dawn. Direct positive photographs on glass. 

Tunner. On the experiments and progress in Bessemerizing, 
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Dr. Blondlot. On black phosphorus. 

Justus Fuchs. On the utilization of waste plate. 

Otte. Coppering and tinning wire. 
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Pimont, Miiller and Bennet. Detection of adulterations of 
madder. 
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(1866. Nos. 1—7). 

F. Posepny. On the study of geology with respect to mining. 

On parachutes. 

A. Webern. Experiments in blasting by means of haloxyline. 

The Paris Universal Exhibition of 1867. 

K. Reissacher. Experiments made with Prof. Miller’s method of 
blasting rocks. 

F. Richthofen. Production of gold in California. 

On the treaty of commerce between England and Austria. 

Treatment of iron ores by brown coal. 

J. Schnablegger. Experiments on the saving of gunpowder in 
using Rziha’s fuses. 

A. Riicker. Experiments in blasting by means of haloxyline. 

G. Tschermak. Formation of rock salt and salts of potash. 

Dr. Kunheim. On Nobel's blasting oil. 

Jos. Stadler. On the action of on erp in blasting. 

Treaty of Commerce between England and Austria, concluded 
on the 16th Dec., 1865, and ratified on the 4th Jan., 
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W. Fritsch. Aluminium with regard to Crown rights. 

Max. Wolfskron. Report on an experiment with a view of 
lessening the consumption of iron in cementation. 

Rittinger. Treatment of ores. 

F. Richthofen. Production of silver in California. 

Review of the frequentation of the three mining academies at 
Schemnitz, Leoben, and Pribram in 1865-66. 

On the invention of Hund’s ore buddle. 

Burg. On boilers of cast steel. 

Statistics of mines in Spain. 
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Chasles. General theory of surfaces of the second order per- 
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M. A. Gaudin. Molecular morphogeny of certain organico- 
mineral substances. 

Aug. Houzeau. On the chemical action of air considered as a 
normal state of the atmosphere, and on the relation 
between the increase of said action and certain atmos- 
pheric perturbations. 
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Perrot. Experiments and observations on electricity. 
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Fr. Lenormant. On the volcanic eruption at Santorino, and on 
the phenomena accompanying the same in the other 
parts of Greece. 

Nicklés. On black sulphur. 

J. Marcou. Stone hammers of the ancient Americans, f or work- 
ing the mines of native copper and silver at the Lake 
Superior, 
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A. d’ Adhémar. On cotton-gins. 

V. Fabré. Comparison between bridges composed of cast-iron 
arches or sheet-iron beams. 

Dr. Kaeppelin. On cashoo, and its use in the manufacture ot 
of printed and dyed tissues. 

Thibierge. Means of preventing incrustations of boilers. 
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Ramon Llorente y Lazaro. Considerations on the use of leaden 
pipes forthe conveyance of water. 

Completion of the Cavour Canal. 
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Tux Instirution or Nava Arcuirects.—The meetings of 
the Institution of Naval Architects commenced yesterday, the 
Right Hon. Sir J. S. Pakington, President, in the chair. The 
following list of papers was not prepared in season for publication 
in our last number :— Thursday: Morning Meeting, at 12 o'clock. 
1. Address by the President. 2. “On the Bows of the Helicon 
and the Salamis.” By the Rev. Joseph Woolley, LL.D., Vice- 
President. 3. “On the Bellerophon, Lord Warden, and Hercules 
Targets.” __ByE. J. Reed, Esq., Chief Constructor of the Navy, 
Vice-President. 4. “ On the Security of Iron Ships.” By Wil- 
liam Fairbairn, Esq., C.E., LL.D., F.R.S, Hon. Associate. 5. 
“On Length of Iron Ships, with reference to recent Losses at 
Sea.” By John Grantham, Esq., Member of Council. 6. “On 
the Structures for Mounting Heavy Ordnance, illustrated b 
Recent Experiments.” By Commander R. A. E. Scott, R.N. 
7. “On Mechanical Methods of Training and Working Heavy 
Naval Guns.” By Henry D. P. Cunningham, a N., As- 
sociate. 8. ‘Ona New and Easy Mode of Working Large Naval 
Guns.” By John C. Wilson, Esq., Engineer.—Evening Meeting, 
at 7 o'clock. 1, “The Rub Roy Canoe.” By John Macgregor, 
Esq., M.A., Associate Member of Council. 2. “Some Particu- 
lars of the Iron Screw Yacht Vesta.” By John Grantham, Esq., 
Member of Council.’ 3. ‘‘ Steel Ship Plates, Angles, and Beams.” 
By T. A. Rochussen, Esq., Associate. 4. “On a Balanced 
Rudder for Screw Steamers.” By W. J. Macquorn Rankine, 
Esq., LL.D., F.R S., Associate Member of Council. 5. “Ona 
Steering Screw for Steamships.” By W. J. Curtis, Esq. 6. 
“* Steering Gear.” By James Taylor, Esq., Associate.—Friday: 
Morning Meeting, at 12 o'clock. 1. “ On the Present and Future 
of the Twin-screw System, its Application to Ships with Broad- 
side Batteries, and their Construction.” By Captain T. E. 
Symonds, R.N., Associate. 2. “On Economy of Material in 
Iron Decks and Stringers.” By N. Barnaby, Esq., Member of 
Council. 3. “ On Some Recent Cases of Apparent Negative Slip 
with Screw Propellers.” By E. J. Reed, Esq., Vice-President. 
4. ‘On the American System of Turret Sips.” By John Bourne, 
Esq., C.E. 5. “ On the Positions of the Centres of Gravity of 
Three of the Iron-clad Iron Ships in H.M. Navy.” By F. K. 
Barnes, Esq., Member of Council. 6. “Ona New Ship Clino- 
meter; or the Measure of Ship Oscillations.” By Mons. T. A. 
Normand, Naval Architect, Havre.—Evening Meeting, at 7 o'clock. 
1. “ On finding the most Economical Rates of Expansion in 
Engines.” By J. Macquorn Rankine, Esq., LL.D. os 
Associate Member of Council. 2. ‘‘On Mr. Baker’s System 
Ventilation for Steamships of War.” By the Secretary. 3: 
“On the Preservation of {ron Ships’ Bottoms, and the means of 
keeping them clean.” By Captain Cowper P. Coles, R.N., As- 
sociate. 4. “A Small t Anchor.” By Captain John Har- 
vey, R.N., Associate. 5. ** Compass Equi t of Iron Ships 
and Government Supervision.” By W. W. Rundell, Esq., Secre- 
tary to the Liverpool Compass Committee. 6. “ Fire Annihilator. 
By W. H. Phillips, Esq.—Satwrday: Morning Meeting, at 12 
o'clock. 1, “On Shipbuildingin Norway.” By A. Dekke, Esq, 
Naval Architect, Bergen. 2. “On Testing Chains and Anchors, 
and Testing Machines.” By’Thomas M. Gladstone, Esq., Asso- 
ciate. 3. “ On Anchors and Chains of Sailing and Steam Vessels, 
their Weight, Dimensions, and Length.” By Charles H. Has- 


well, Esq., Engineer, New York, Associate. 4. “ On the Joint- 
ing of P ek Iron Shipbuilding.” By T. B. Daft, Esq. 0B. 
Associate. 
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THE PORT OF CALCUTTA AND RIVER 
HOOGHLY. 

In our last Number, we gave an account of the 
means that have been adopted for providing increased 
accommodation for the trade of Madras, and it is our 
intention this week to bring to notice the wants of 
Calcutta in that respect, and to furnish a brief state- 
ment of the obstructions that at present exist to the 
free and safe navigation of the river Hooghly. 

The chief want of the port of Calcutta, as of every 
other large commercial port where such does not exist, 
is an eflicient wet-dock accommodation. At present, 
the ships all have to anchor out in the river, and load 
and discharge their cargoes, as at Madras, by means of 
boats ; they are consequently subject to all the disad- 
vantages incident to so primitive a mode of conducting 
trade. No stronger argument in proof of the want of 
some improved means of shelter for the shipping fre- 
quenting that port could possibly be adduced than by 
referring to the disastrous hurricane of 5th October, 
1864, in which, out of 195 vessels then lying in the 
river, of an aggregate capacity of 182,835 tons, 50 
vessels were either totally lost or were so severely 
damaged as to become practically wrecks, 97 were 
seriously injured, 25 were slightly so, and only 23 
escaped damage altogether. 

The necessity of protecting dock accommodation at 
Calcutta was recognised so far back as 1824, in which 
year a committee was appointed to consider the sub- 
ject ; how much more, then, must the necessity exist 
now that the trade has increased and is increasing so 
rapidly ? The loss of life and property occasioned by 
the hurricane of June 1842 next, for a time, directed 
attention to the requirements of the port; but the de- 
liberations of a second committee which met in the 
following year resulted, as before, in no active steps 
being taken in the matter. 

It is true that soon after the cyclone of October, 
1864, two companies were started for the purpose 
of supplying the much needed accommodation, viz., 
“The Caleutta Docks and Wharves Company (Limit- 
ed)” and “The Docks and Wharves Company of Cal- 
cutta (Limited), but we have failed to ascertain that 
either of them has as yet commenced the construction 
of the works with a view to which they came into ex- 
istence. As on former similar occasions, in 1864, a 
committee was again appointed to consider the desir- 
ableness of constructing wet docks at Calcutta, which 
reported that, though there was no general conviction 
that such works were absolutely essential, yet it seemed 
to be admitted, almost without exception, that they 
would greatly add to the convenience of the port if 
constructed (it could scarcely have required the solemn 
deliberations of a committee, we should think, to find 
out what every shipowner, merchant, and captain 
having anything to do with Calcutta has known to his 
cost for many years past) ; they further considered, how- 
ever, that the great expansion of trade during the last 
few years led to the conclusion that all possible 
aid would soon be required, and that Government 
would therefore do well to give all reasonable facilities, 
short of pecuniary aid or guarantee of interest, to 
every well-considered scheme for the construction of 
such works. On this point we quite agree with the 
committee ; for, provided the land were granted free of 
cost, and every other facility and encouragement to 
the undertaking which lay in their power were afforded 
by Government, there should, we think, be no need for 
a guarantee or other pecuniary assistance. As a com- 
mercial speculation, the construction of docks could, 
under ordinary circumstances, scarcely fail to succeed 
where the trade of a port is sufficient to bring together 
close upon two hundred vessels at one time ; and were 
every shipowner to subscribe the sum which he might 
reasonably expect to save in one year through the 
time that would be economised, owing to the greater 
expedition with which his vessels could load and dis- 
charge in a dock, a large portion of the necessary 
capital would be at once forthcoming. We trust that 
the matter may now be taken up and prosecuted with 
that energy which cannot fail to insure success; at the 
Same time, we cannot but feel that the cause hitherto 
of the repeated failure to carry out such necessary 
Works must be sought, not in the blindness of merean- 
tile men to the great interests they have at stake in the 
establishment of docks on the Hooghly, or their 
unwillingness to embark capital in a scheme which 
could not fail to give them double returns for their 
money, but in the hindrances thrown in the way by the 
local governments. ia 

In addition to the drawbacks to Calcutta as the 
chief commercial port in India, owing to the want of 
accommodation for trade, the difficult and dangerous 
character of the navigation of the Hooghly, by which 





that port is approached, must also be taken into con- 
sideration ; and in illustration of which it may be 
stated, that during the eleven years from 1852-53 to 
1862-63, inclusive, no less than 56 vessels were 
wrecked in that river, being an average of rather 
over five wrecks in each year, and .575 per cent. of the 
total number of vessels trading to Calcutta during that 
period. In 1859-60 the mene of vessels which left 
the port was 1018, aggregating 661,735 tons burden ; 
and in 1864-65 that number had increased to 1285 
vessels of 936,264 tons burden. 

Before pointing out the causes of the dangers to 
navigation, it will be as well to notice some of the 
principal features and peculiarities of the Hooghly. 
That river is formed by the junction of three offshoots 
from the Ganges—namely, the Baguiruttee, the Jel- 
lingee, and the Matabangah, which are thrown off 
about 150 miles north of Calcutta. Of these the 
Baguiruttee also receives the following affluents : viz., 
the Bansloe, the Brahminee, the More, and the Adjai, 
as well as several minor streams. At Calcutta, the 
Hooghly is about 2500 ft. wide; 40 miles lower down, 
where the Damoodah falls into it, the width is nearly 
5000 ft. ; eight miles further down, at the junction of 
the Roopnarain, it is 6000 ft.; and at Diamond Point, 
it is 8000 ft. wide ; it then becomes an estuary, increas- 
ing to a width of fully 15 miles at Saugor Lighthouse. 

The discharge of the Hooghly at Calcutta is from 
300,000 to 500,000 cubic feet per second, during the 
monsoon months of June, July, August, and Septem- 
ber, and from 20,000 to 50,000 cubic feet per second 
during the remainder of the year; the Damoodah 
pours iuto it a volume of water varying from 100,000 
cubic feet when in high flood to sometimes as little as 
200 cubic feet per second during the month of May ; 
the Roopnarain adds from 600,000 to 2000 cubic feet 
per second, and the Huldee—a river which falls in 
about 24 miles below the Roopnarain—sends down 
about the same quantity as the Damoodah. 

The Ganges, passing through a country formed of 
alluvial deposits, the soil of which is easily cut up and 
shifted, carries in its waters a large quantity of fine 
sand to its offshoots, and, as the country through which 
they pass is of a similar character, the water is kept 
laden with silt until it reaches the navigable portion of 
the river; the independent rivers being also similar in 
this respect, the whole fresh-water supply of the 
Hooghly is charged with a large quantity of solid 
matter, averaging, at Calcutta, above one cubic inch to 
each cubic foot of water. The quantity of this matter 
passing Calcutta has been estimated at 39,000,000 
cubic yards per annum, and at 78,000,000 cubic yards 
— between the Roopnarain and the sea; the 
atter amount being sufficient to form a solid mound 
nearly a quarter of a mile in length, breadth, and 
height ! 

By referring to a chart of the mouth of the Hooghly, 
it is at once seen what becomes of a large portion of 
this silt ; long lines of sandbanks extending some miles 
to seaward, with comparatively narrow channels between 
them, mark the lines of deposit. A great quantity of 
it, however, does not find its way to the sea; but 
where, by a bend in the river or by the entrance of the 
waters of a tributary, the stream in the Hooghly is 
checked, a deposit is made, and shoals consequently are 
to be found. 

The tidal influence is very little felt so high up the 
river as Calcutta, and seldom produces enough ‘change 
of current to make ships swing. It, however, causes a 
variation in the level of the water surface to an extreme 
of 18 ft. 6 in. between low-water spring tides during the 
dry season and high-water spring tides during the 
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rains. The tides run, according to the season of the 
year, at from 13 to 6 milesan hour. At certain seasons 
there is that peculiar tidal action known as the “ bore,” 
which always occurs on the first rush of the flood tide ; 
and during the cyclone of 1864 a wave of this de- 
scription, rising in some places to a height of 30 ft., 
was driven up the river by the gale, and proved more 
— in its effects than the mere vias of the 
wind. 

The banks of the navigable portion of the Hooghly 
are about mean high-tide level, and the adjoining lands 
have consequently to be protected from inundation by 
embankments running parallel to the river. The banks 
of the river are formed generally of a rather compact 
alluvial formation, not easily cut away by currents ; but 
the whole of the bed is formed of sand and mud depo- 
sited by the river itself. 

The entrance to the Hooghly is by what is called the 
“ Gaspar Channel ”—a channel on the eastern side of 
the mouth of the estuary of from one to two miles 
broad. It has a bar across of about 2000 ft. long, with 
a minimum depth of 20 ft. of water over it. Above 





that there is an open channel of from two to three miles 
wide, and of ample depth for a distance of twenty miles. 
Then come “ Bedford’s ” Channel and the “ Dredge” 
Channel, which are both about 2000ft. wide, and 
together ten miles long. In them are two bars 
about 1500 ft, long, with a minimum depth of from 
12 to 15 ft. of water. There is, then, a tolerably good 
reach 6 or 7 miles long, and about 1 mile vane § up to 
“ Mud Point,” where the river divides into two chan- 
nels, known as the Inner and Outer Rungafullah Chan- 
nels, each of which is 18 miles long; the inner one 
is about 1500 feet wide, having two bars in it, with 
10 feet of water on one and 15 ft. on the other; the 
outer channel is about half a mile wide, with three 
bars on it, having depths of from 10 to 12ft. of 
water over them. The two channels join again at 
Kulpee, whence up to Hooghly Point—a distance of 
about 15 miles—there is a eel channel with a width 
varying from 2000 to 4000 ft., and with sufficient depth 
of water for any vessel. At Hooghly Point the most diffi- 
cult and dangerous part of the whole river, for navaga- 
tion, occurs : the obstruction is known by the name of the 
“ James and Mary” Sands. The width and depth of the 
channels over these sands vary very much, the deep chan- 
nel averaging scarcely 1000 ft. in width, with a depth of 
but from 8 to 10 ft. After passing the “ James and 
Mary,” there is a tolerably deep but narrow channel up 
to Fultah, a distance of about 5 miles, beyond which 
a good channel from 1500 ft. to 2000 ft. wide extends 
up to Royapore Flat—a bar about 1500 ft. long, with 
a depth of 17 ft. to 18 ft. of water on it; above this 
is a deep channel 1200 ft. wide up to Moyapore, where 
there is another bar 1500 ft. long, with 15 he. or 16 ft. 
of water, and from Moyapore to Calcutta the channel 
is amply deep, and from 1000 ft. to 2000 ft. wide. 
Thus, in goin up to Calcutta, a vessel has-to pass over 
eight or nine en s, according as to whether the inner or 
outer Rungafullah channel is taken, aggregating about 
2 miles in lent, and with depths of water over them 
at extreme low tide ranging from 8 to 20 ft. At times 
it would be impossible for a vessel drawing only 10 ft. 
of water to pass up the river; at high water, however, 
the limit of eels A may be taken at from 20 to 24 ft., 
so that the impediments in the river do not prevent 
vessels of deep draught from getting up to Calcutta, 
but they nevertheless cause great delays to such vessels 
by making it necessary for them to wait for high water 
in order to pass many of the shoals, ships under steam 
having been known to be as long as three days going 
down the river, which might have been accomplishe 
in one day, had there been water enough at all states 
of the tide to enable them to pass safely over the 
several obstructions. 
(To be continued. ) 








THE POWER OF THE TIDES. 


Tux horse power of the tides of the ocean is by no 
means incalculable ; but the amount, from its vastness, 
would probably be inconceivable by the mind. We 
may indeed, knowing as we do the weight of the globe 
in tons and its rate of motion in space, calculate the 
horse power with which this planet is impelled in its 
constant if not eternal course round the sun. The 
result, however, would be a bewildering rank of figures, 
which the mind could not be expected to grasp 
clearly. 

If, however, we consider the dynamic value of the 
tides in some of the estuaries upon our coasts, we may 
form tolerably clear ideas of their enormous power. 
We will take the estuary of the Dee. Chester has the 
same tides as Liverpool, viz. 26 ft. springs and 20} ft. 
neaps. The estuary, taken across from Helbre Point to 
Air Point and up to Wepre and Shotwick, has about 
50. square miles of surface at high tide. This is 
32,000 acres, or 1394 millions of square feet. With a 
26 it. spring tide, an average depth of probably 20 ft. 
is flooded over this vast area within the space of six 
hours, equal to 27,878 millions of cubic feet of sea- 
water, and with an extreme rise and fall of 26ft. The 
whole of this vast volume of water is poured in and 
out between Cheshire and Flintshire, and, with a mean 
fall of 13 ft., spread over a tide, either way, of six 
hours. This represents very nearly two million horse 
power, and we may conclude that, taking the mean be- 
tween spring and neap tide, at least 1,800,000 horse 

yower of tidal force is daily at work on the estuary. 
Vhen we think how manufacturing communities are 
huddled together in Manchester, in Bolton, in Black- 
burn, Oldham, and Preston, all in order to obtain cheap 
fuel, and when we are told that the coal-fields are not 
inexhaustible, and that our demands for mechanical 
power are constantly increasing, what engineer is there 
who would not turn his thoughts to the vast lunar 





196 


ENGINEERING, 





[Marcu 30, 1866, 





force represented by the tides along the coasts of the 
kingdom? There are 38 ft. spring tides and 28 ft. 6 in. 
neaps in the Wye at Chepstow, and 35 ft. springs and 
264 ft. neaps over Bridgewater bar. Bristol, an 
haps, enjoys the pre-eminence in Great Britain, as does 
the Bay of Fundy in America, for high tides, the 
springs at King Road, Bristol, being 44 ft., and at 
Noel, Basin of Mines, Bay of Fundy, 504ft. Such 
tides, over a great area of water, represent an amount 
of hydraulic power far greater than that of the Cataract 
of Niagara. 

An engineer can understand how it would be possi- 
ble to utilise at least a portion of the tidal power of 
an estuary like that of the Dee. But whether or not it 
would be mechanically practicable to do so, it would, 
we fear, be commercially impracticable. A cotton 
spinner could not avail himself of a water power, 
having 26 ft. of head at, say, nine o’clock in the morn- 
ing, and no head at all at three in the afternoon. But 
we can understand the character of works which would 
afford a head never less than, say, 15 ft., although 
these, in the estuary of the Dee, would be works of 
enormous if not of impracticable magnitude. The whole 
estuary would need to be dammed out from the sea, 
and to be divided longitudinally into a vast high-tide 
and an equally vast low-tide basin. The high-tide 
basin would have a mile or so of weir, over which the 
sea would pour in at high water with a depth never 
less than 3 or 4 ft. at high neaps, and the lenneie 
basin would have great sluiceways through which it 
might discharge when the sea outside was within 5 ft. 
of low neaps. 

But by this arrangement, supposing it were practica- 
ble of execution, only one half of the estuary would 
be turned directly to account, and a volume of tidal 
water only perhaps 5 ft. deep would be utilised upon 
a fall, into the low-water basin, of perhaps 15 ft., and 
this amount of water would require to be used over 
at least ten hours between two successive high tides, in 
order to prevent interruption. ‘Taking 16,000 acres of 
water 5 ft. deep, we have 3485 millions, nearly, of cubic 
feet, falling 15 ft. in ten hours, and supposing the 
wheels employed to be turbines, giving 75 per cent. of 
efficiency, we should have 123,750 horse power. It 
might be that a greater depth of water upon a lower 
fall, or some different adjustment of the head-water 
and tail water levels, could give a better result ; but 
we presume that from 100,000 to 150,000 horse power 
are all that could be constantly depended upon. 

If we take the best class of steam engines, a con- 
sumption of 2 lb. of coal per indicated, or, say, 2} 1b. 
per effective horse power per hour would be admitted 
as an excellent performance, and at this rate each 
horse power would require about 34 tons of coal per 
year of 313 working days of ten hours each. 123,750 
or, say, 125,000 horse power would, therefore, require 
about 390,000 tons of coal, worth, in the manufacturing 
districts, say, 150,000/. Steam engines require in ad- 
dition considerable sums for attendance, for oil, tallow, 
and packing, and, with their boilers, they involve a 
considerable annual outlay for repairs. We might say 
that 125,000 effective horse power of steam engines 
would cost, under the best practice, 200,000/., which, 
capitalised at 5 per cent., would represent an admissable 
investment of 4,000,000/. in works which would super- 
sede the necessity for steam. Here, we fear, the case 


of tidal power would break down, for no sum of 


4,000,0007. could be expected to provide works of the 
character we have been considering, even if water- 
tight embankments could be made at all over loose 
sands, 

There are tidal mills at work, and we have seen them 
working from a high-tide into alow-tide basin, the first 
having a sea weir and the other suitable discharging 
sluices; and there may be situations where such 
works could be successfully adopted on a large scale. 
We have thrown out the few ideas we have only for their 
suggestiveness, and we trust that no one will accuse us 
of recommending any investment of capital in a hopeless 
undertaking. But engineers have often to consider 
and carefully weigh such schemes, even when they are 
themselves disposed to deny that they are even prac- 
ticable at all; and we certainly have seen undertakings 
brought out before the public and upon the Stock Ex- 
change which, to our own minds, promised even less than 
an attempt to turn to account the great tidal wave 
setting in and out between England and North Wales. 
It is a trite saying, however, that most engineering pro- 
blems are, after all, questions of pounds, shillings, and 
pence, and that of turning to account the force of the 
moon as exerted upon the ocean is but one of these. 

It is, perhaps, proceeding almost too far in a merely 
speculative article to suggest the character of a manu- 
facturing metropolis ten miles long, built upon the 





eat embankment between the high-tide and low-tide 
Calan. If the works themselves be impracticable, 
the factories can exist only in the imagination. But 
we may imagine them on both sides of a quadruple 
line of railway, receiving their raw material and deli- 
vering their aunnbishasel goods from vessels near by. 
There would at least be good ventilation, thorough 
drainage, and an entire absence of smoke in such 
works. The workpeople would go to and return from 
the mills by rail, their own dwellings being on shore. 

We have said quite enough upon such a subject, but 
we will leave it with this suggestion—that it will afford 
a good exercise for the amateur engineer (and we have 
many now), and who may believe in the approaching 
exhaustion of the coal-fields, to study such a scheme as 
we have sketched out, and to prove that it is not prac- 
ticable—supposing this to be capable of proof. 








GAS-MAKING. 

Since the general substitution of clay for iron re- 
torts, the improvements in the apparatus for the manu- 
facture of gas have been mostly in respect of details. 
And in these there is still much room left for improve- 
ments which would economise labour. The present 
mode of handling coal and coke in gas-works, with all 
the lifting, pushing, drawing, shovelling, and wheeling, 
represents the hardest and worst kind of drudgery, 
and all manual work of the kind is commercially un- 
profitable, when compared with the action of mechani- 
cal appliances. Coal and coke in gasworks are kept 
in all the stages of working, nearly upon the same 
horizontal level —disregarding lifts or falls of a few feet 
only, and every change in their position is effected by 
hand labour. To bring the coal from the sheds, to 
charge it to the retorts, to draw the retorts, and to 
take away the coke, all require hard hands and strong 
arms. Various attempts have been made to introduce 
artificial power, and to fucilitate the work of the car- 
bonisers, and at the Chartered Company's station in the 
Horseferry-road, a charging apparatus applied to two 
or three retorts only, is now on probation. But so 
long as the coal and coke are moved always horizon- 
tally, or nearly so, we see but little chance of doing 
away with all this handling. 

The most obvious mode of economising hand labour 

in gasworks would be by a system of vertical retorts, 
charged from the top, and drawn, or rather allowed to 
drop their coke, at the bottom. The arrangement 
would of course involve a complete change in the plan 
of retort setting, and in the retort house itself. But 
it is not to be supposed that because gas retorts have 
hitherto been placed horizontally, there is no other 
yosition in which they would continue to work well. 
Vike boiler tubes—and a bench of from six to ten gas 
retorts bears an analogy to a tubular boiler—they 
would equally transmit heat whether placed in one or 
the other position. In the case of the boiler, vertical 
tubes may be open to the objection that deposits are 
likely to collect upon the tohe plate, but there is no 
corresponding objection which would apply to upright 
zas retorts. Upright retorts, once aun Ol set at the 
hottom, would need little further support for their 
whole length, and a great quantity of the internal 
brickwork of a bench of retorts would thus be dispensed 
with. The arrangement of the firegrate, and the 
proper distribution of the heat, would probably offer 
no great difficulty. A stack of retorts might include 
ten or a dozen, all heated by one or two fires at the 
bottom, and fed from either side. 

Many if not most gasworks have coal hoists, and 
even where there are 1000 tonsa week to be lifted, the 
difference is not great, after the tackle is once at work, 
whether the coal go up 15 ft. or 40 ft. Our own opinion 
is, that for all large works, and where room could be 
spared for a narrow-gauge incline of, say, 1 in 15, loco- 
motive power would be the most economical for raising 
coal, the engine having either a pair of gripping 
wheels working upon a middle rail or a pinion working 
in a malleable cast-iron rack. But, however it was 
lifted, the coal would go up by steam power to the 
top of the retort house, and be distributed thence to 
the retort heads. The coal, instead of being taken up 
in waggon bodies, could be carried in sheet-iron bar- 
rels of a size to lower to the bottom of the retort, and 
to discharge there through a trap-door in the bottom of 
the barrel. This would save the sides of the retorts 
as compared with shooting the coal from the top to the 
bottom. The charges for a single long retort, on the 
resent system, vary from 3 ewt. to 5 cwt. What we 
ewe chosen to term a barrel would be of greater length 
and of less diameter than an ordinary barrel, and it 
might indeed be termed a scuttle, two of which would 
charge a retort as high as the coal need go, for it 


anticipate no difficulty in the rising of the gas from 
the coal, especially with the exhausters at work, nor 
should we look for any danger of bursting the retorts 
by the swelling of the coke. It might be desirable to 
make the diameter of the retort rather greater, how- 
ever, at the bottom than at the top, tapering regularly 
all the way, to facilitate dropping the coke. The as- 
cension pipes would rise from the sides of the retorts 
at a short distance below the lids. Longer or shorter 
bends would be cast upon the mouthpieces, so as to 
bring the ascension pipes of a stack of retorts into a 
single line, out of the way of the workmen in charging. 
At the bottom of the retorts hinged lids, like the drop 
bottoms of many cupola furnaces, would be natn 
and the coke would be shot upon trucks below and run 
out to the coke sheds. 

The mechanical details of such an arrangement would 
afford much scope for judicious design, but they would 
present no considerable difficulty, and the upright 
system might be found to present many advantages. 








BLAST FURNACES. 

A CLEVELAND ironmaster has lately written to the 
Times stating that the cost of pigs in his district does 
not greatly exceed a range of from 37s. 6d. to 42s. 6d. 
per ton. Among the other means which the Durham 
and East Riding ironmasters have adopted to econo- 
mise production has been the great enlargement of 
their furnaces, an enlargement which is still going on, 
while already there are furnaces in blast the size of 
which is simply enormous. 

There is much to be said in favour of large fur- 
naces, but heretofore there has been much to say 
against them. By doubling the diameter, and thus 
only doubling the radiating surface, and hardly more 
than doubling the brickwork and masonry, the con- 
tents are increased fourfold. The labour in charging 
and tapping is not directly as the yield, but is less per 
ton as the yield increases. Again, in considering the 
height of a furnace, the higher it is the more com- 
pletely is the heat of the fuel extracted by the ore; in 
other words, the necessary charge of coke per ton of 
mine is lessened. But, so far, we have said nothing 
on the other hand. Large boshes require a large 
hearth, and one objection to large hearths is that 
the blast does not penetrate to the centre of the 
column of materials. It was to obtain large capacity, 
with full penetration of the blast, that Mr. Alger 
planned his elliptical furnace, of which a good deal 
was heard a few years ago. Indeed, we believe, that one 
of Mr. Alger’s furnaces is now in course of construc- 
tion in South Wales. Again, as to the height of fur- 
naces, ordinary coke is not strong enough to beara 
very high column, and begins to crush when a height 
of about 50ft. is reached. The Durham coke is, 
however, of unusual hardness, and furnaces of 60 ft. 
and 75 ft. height are now working with it, and others 
90 ft. and 101 ft. high are in course of erection. 

The Cleveland ironstone, being charged in large 
lumps, gives, too, a large amount of interstitial space 
for coke, which is thus, to some extent, supported in- 
stead of being made to support the mine. In most 
furnaces the interior falls in regularly from the boshes 
to the throat, and thus the weight of the materials is 
distributed cver the-boshes, so that a given lump of 
coke at the bottom does not support the weight due 
to the full height of the column over it. But in the 
Cleveland furnaces the interiors are often nearly or 
quite cylindrical from the boshes nearly to the throat, 
so that where the coke does take the weight it bears 
that due to the full height of the column of materials. 
According to the ordinary experience of ironmasters, 
working with finely broken mine and weak coke, the 
larger Cleveland furnaces could not be expected to 
work at all. Indeed, it might be supposed that the 
blast would blow out at the tuyeres instead of into the 
charge, whereas there appears to be no difliculty with 
hearths 8 ft. in diameter, while still larger hearths are 
being adopted. It would be one of the most impor- 
tant subjects for inquiry among ironmasters why tue 
practice of using large blocks of ironstone permits of 
making good iron in the Cleveland district, while 
elsewhere it is believed to induce the formation of 
lumps in the hearth. If the practice of the Cleveland 
ironmasters could be oieuted to the Welsh and 
South Staffordshire districts, it would, probably, save 
at least a million a year in their cost of producing 
iron. The Scotch coal is so weak that we do not 
suppose it could ever be made to bear the burden 
common in Durham; but it is a question whether even 
the Scotch furnaces could not be enlarged with advan- 
tage. The whole subject of large furnaces 1s one 
which has a rapidly increasing interest at the present 








would never rise to the top of the retort, We should 


time, and it is likely to receive due attention. 
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PERMANENT WAY. 

Ow Tuesday, the 20th inst., an interesting and valu- 
able paper was read before the Institution of Civil 
Engineers, “On the Maintenance and Renewal of Per- 
manent Way,” by Mr. R. Price Williams, M. Inst. C. E. 
It was considered by Mr. Williams that the improve- 
ments which had been made in the condition of the 
permanent way of our railways were by no means 
equal to those which had been made in the construc- 
tion of locomotives and rolling stock; and as a proof of 
this he instanced the Great Northern Railway, on which 
line the percentage of the gross traflic receipts incurred 
for locomotive as has been even slightly de- 
creased during the last fourteen years, by the employ- 
ment of better material and more perfect workmanship, 
and this although the power and weight of the engines 
has been increased. On the other hand, the cost of 
maintaining the permanent way has increased, during 
the same period, more than 200 per cent. Jn order 
that he might be enabled to compare properly the cost 
of the maintenance and renewal of the way on different 
lines, and also that he might be able to determine the 
durability of permanent way, and more especially what 
is termed the “life of a rail,” Mr. Williams has 
for some years been collecting reliable data referring to 
such matters; and at the reading of his paper, he ex- 
hibited tables and diagrams, relating to the following 
lines of railway, which are arranged according to their 
mileage:—1., London and North Western; 2. North 
Eastern; 3. Midland; 4. London and South Western ; 
5. Great Northern; 6. Lancashire and Yorkshire ; 
7. South-Eastern; 8. London, Brighton and South 
Coast; and 9, Manchester, Sheffield, and Lin- 
colnshire. “These tables and diagrams showed, for a 
“ period of nineteen years, tst, the detailed charges of 
“a, maintenance of way; 4, staff and other charges ; 
“¢, works of line; d, stations and station works; and, 
“e, renewals of way, all of which were usually com- 
“prehended under the head of maintenance and re- 
“newal of permanent way and works; 2nd, the num- 
“her of miles maintained; 3rd, the train mileage ; 
“4th, the gross tonnage, together with other informa- 
“tion bearmg upon the subject.” ‘The diagram rela- 
ting to the London and North-Western Railway 
showed that, as early as 1847, the cost of the main- 
tenance of the way had reached 270/. per mile per 
amum, and that the cost of staff and other charges 
had up to the present time remained regular and 
wiiform. The heavy expenditure sometimes incurred 
by the renewal of ar &e., rendered the item 
“works of line” very variable, and a similar variation 
was observable in the cost of stations and station 
works. The cost of the renewals of way was, however, 
the most unequal. It seems that, during the last nine- 
teen years, 1,906,858/, have been expended on the re- 
newals of way alone on the London and North-Western 
Railway, this sum being equivalent to about 1362 
miles of single line, or almost one-half of the whole 
mileage maintained in the year 1865. The annual 
average expenditure since 1847 was thus 103,0002., a 
sum representing nearly 73 miles of single way of the 
main line broken up and completely renewed annually. 

On the nine railways al wee mentioned, the average 
cost of renewals per mile per annum during a period of 
years has been as follows : 
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No. | Name of Railway. | of | Mile per 
Years. | Annum. 
1 London and North-Western 18} £145 
2 | North-Eastern is oak 14 | 83 
3 | Midland... ‘sa at Bet =e 
4 | London and South-Western 11 | 72 
5 | Great Northern hi saul 9 | 110 
6 | Lancashire and Yorkshire oof 16h | 156 
¢ | South-Eastern m ies 154 | 102 
8 | London, Brighton and South og 
: Coust =... ids ak 123 94 
9 | Manchester, Sheffield and Lin- | 
colnshire ... ies esl 9 | 49 
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trated traffic, and particularly of a heavy coal traffic 
worked at a a high speed, on the perma- 
nent way were clearly shown by these diagrams. It 
appeared that on the main line between King’s-cross 
and Askerne Junction 315 miles of single Tine had 
been completely renewed during the last twelve years, 
the total expenditure being 423,820/., or at the rate of 
35,273/. per annum—a sum equivalent to more than 1 
per cent. on the ordinary stock of the company. The 
cost of renewals on the 160} miles just mentioned had 
thus amounted to an average sum of more than 2001. 
per annum. On the Great Northern line, the up- 
traflic, including as it does the heavy coal trains, is 
nearly twice as great as the down traffic; and the re- 
spective costs of maintenance of the up and down lines 
have been found to be nearly in the same proportion, 
203 miles having been rolaid on the up and 112 on the 
down line during the twelve years already mentioned. 
The frequency of the renewals required is particularly 
observable at those points, such as Hitchin and Hat- 
field, at which the traffic converges ; and on the greater 
part of the up line, on the descending gradients between 
Potter’s Bar and Hornsey, three renewals have been 
performed within the last thirteen years, and the 
average duration of a rail under such exceptionable 
circumstances has therefore only been about three and 
a half years. The rails and chairs now used in the re- 
newal of the road are of a heavier character, and the 
sleepers are of a larger scantling, and are placed at a 
less distance apart, than those origmally employed in the 
construction of the line. The present cost of renewing 
a mile of single line of the Great Northern is estimated 
at 13721. this sum being exclusive of ballast, and an 
allowance being made for the value of the old materials. 
A return furnished by Mr. Grinling shows that the 
rails laid in 1857 were destroyed in three years by the 
passing over them of 57,536 trains and 11,760,926 tons, 
and that 65,529 trains and 13,484,661 tons destroyed 
the rails laid in 1860 and taken up in 1863, 

On the Lancashire and Yorkshire line, where the 
traflic is very heavy, but is worked at a slower speed 
than that on the Great Northern, an investigation, ex- 
tending over a period of seven and a quarter years, 
has been made by Mr. Meek. The results of his ob- 
servations are, that at the Ramsbottom Viaduct, be- 
tween Bury and Accrington, where there is a falling 
gradient of 1 in 130, the best sample of rails were worn 
out in seven and a quarter years by the passage of 
62,399 trains and 12,451,784 tons over them, whilst 
at Bolton, where the line was level, and all trains drew 
up, 203,122 trains and 38,803,128 tons were required 
to wear them out in the same time. 

The rapid deterioration which now takes place in 
the permanent way of our railways is, no doubt, at- 
tributable, as stated by Mr. Williams, to the increase 
in the weight of the engines and trains, and of the 
speed at which they are worked. This is proved by 
concurrence of the tonnage outlines with the cost of 
the renewals. It was considered by Mr. Williams that 
“the chief material, the rails, was wanting in the 
“ essential element of durability, and that the experi- 
* ments on the Lancashire and Yorkshire showed that 
“both the best Yorkshire iron and the coarser and 
“ harder descriptions of Welsh manufacture were alike 
incapable of withstanding for any length of time the 
“ excessive wear and tear to which they were exposed.” 
The various modes of manufacturing iron rails, and 
the different methods of arranging the piles as adopted 
at the principal ironworks in South Wales, were de- 
scribed by Mr. Williams, and it was stated by him that 
“ very few makers were now disposed to given even a 
“seven years’ guarantee for iron rails, which was 
** tantamount to an admission that, when exposed to the 
“ excessive wear and tear of main line traffic, their em- 
“ ployment must no longer be looked for.” 

The results which have been obtained by the use of 
Bessemer steel rails appear to indicate that it is only by 
the use of rails made of this or similar material that any- 
thing like permanency can be obtained for the so-called 
“ permanent” way, under the heavy traffic to which it is 
now subjected on all our main lines. In May, 1862, 
two Bessemer steel rails were laid at the Chalk Farm 
bridge, on the London and North-Western Railway, 
side by side with two ordinary iron rails. The one 
face of these steel rails which had been exposed out- 
lasted sixteen faces of iron rails ; and when the rails 
were taken up in August last, alter having been ex- 
posed during three years to the traffic of 9,550,000 
engines, trucks, &c., and 95,577,240 tons, they still 
appeared capable of enduring much further work, al- 
though they were worn away evenly to the extent of 
rather more than } in. 

A table was shown by Mr. Williams which exhibited 








the results of a series of experiments, which he had had 





made by Mr. David Kirkaldy at his testing works at 
Southwark, on seven samples of steel rails, three 
samples of steel-topped iron rails, and nine samples of 
iron rails, of various sections and manufactures. The 
rails were rested upon supports 5 ft. apart, and the 
bending strain was gradually applied at the centre. 
The highest result obtained was in the case of a new 
Crewe steel rail made in 1866. This rail had a sec- 
tional area of 7.67 square inches, and it snapped under 
a strain of 80,176 lb. The greatest deflection noted was 
7.15 in., this deflection being caused by a load of 
80,000 lb. The next highest strain was borne by a 
rail having a sectional area of 7.72 square inches, made 
by Messrs. J. Brown and Co., this rail cracking and 
canting under a strain of 79,368 lb. The extreme de- 
flection noted was in this case 7.64in., caused by a 
load of 78,000 Ib, A specimen (much worn) of one of 
the Bessemer steel rails which had been in use at Chalk 
Farm also gave very good results, it failing by canting 
at a strain of 69,936 lb. The greatest deflection noted 
was in this instance only 4.74 in., caused by a load of 
68,000 lb., and it therefore seems probable that if the 
rail had not canted it would have borne a much higher 
ultimate strain. The deflections and sets of this rail, 
caused by the various loads, agree very nearly with 
those of the Crewe rail before mentioned, as will be 
seen by the following table : 

















Crewe Rail. Chalk Farm Rail. 
a in a ni re 
iS. « 
Deflection. Permanent Deflection. | Permanent 
| 
ins. | ins. ins. | ins. 
9,000 042 002 045 | 002 
13,000 .074 012 078 | O15 
20,000 0125 .022 132 eee 
26,000 170 082 189 -028 
30,000 .202 043 229 «| ~—.037 
36,000 252 .055 302 | 056 
40,000 807 085 * 418 -187 
50,000 1.13 .858 1,29 928 
54,000 1.59 1.38 1.80 |} 1.41 
60,000 2.54 aig 2.74 2.28 
62,000 2.97 2.61 8.25 eee 








One of Messrs. Cammell and Co.’s rails, having a 
sectional area of 7.11 square inches, snapped at a strain 
of 71,536 lb., the deflection under a load of 70,000 lb. 
being 3.64 in. Of two rails made by Messrs. 8. Fox 
and Co., the one gave the greatest, and the other the 
least, deflection obtained from the steel rails. ‘The 
former, made in 1865, and having a sectional area of 
7.53 square inches, deflected 9.08 in. under a load of 
62,000 Ib., and failed by canting under a load of 
62,224 1b. The latter, made in 1864, only deflected 
.864 in. under a strain of 56,000 lb., a deflection less 
than half that of the Crewe rail under the same load. 
This rail of Messrs. Fox and Co.’s snapped under a 
strain of 57,400 lb. : its sectional area was 6.75 square 
inches. 

The composite steel and iron rails tested were of two 
manufactures, the one that of Crewe, 1866, and the 
other that of Messrs. 8. Fox and Co. ‘T'wo samples 
of the latter rails were tested, the one with the steel 
face and the other with the iron face uppermost. The 
Crewe steel and iron rail tested with the steel face up- 
wards snapped under a strain of 61,952 lb., the deflection 
under a tad of 60,000 Ib. being 10.17 inches. The 
sectional area of this rail was 8.1] square inches. The 
composite rail, made by Messrs. Fox and Co., had a sec- 
tional area of 7.48 square inches, and the sample tested 
with the steel face downwards failed under a load of 
57,232 lb., the steel face being cracked, and the iron 
remaining entire. ‘The deflection was 9.82 in. under 
a load of 56,000lb. The sample tested with the steel 
face upwards gave way at a strain of 51,268 lb., the 
iron being torn in this case, and the steel remaining un- 
broken. The deflection was 10.25 in. under a load of 
50,000 Ib., this being the greatest deflection obtained 
from any of the rails, steel or iron. 

Of the nine samples of iron rails tested, five were of 
the ordinary form, one was a flange rail, and three were 
bridge rails. The ordinary rails failed at strains vary- 
ing from 51,520 lb. to 35,720 Ib., the highest load being 
borne by a rail made at Crewe in 1866, and having a 
sectional area of 8.25 square inches. ‘The flange rail 
had a sectional area of 5.89 square inches, and snapped 
under a strain of 28,948 lb. The sectional areas of 
the three bridge rails were 7.75, 5.57, and 4.18 square 
inches, and they broke under loads of 18,400 Jb., 
10,917 lb., and $235 lb. respectively. These bridge 
rail in all cases cracked through the bolt holes, and 
then tore asunder. 

At the present time, when steel rails are coming 
extensively into use, the results above given are very 
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interesting, and they quite bear out the opinion 
generally formed of the greatly superior strength of 
steel rails. In the course of Mr. Williams’s paper a 
tabular statement was given, which had been prepared 
by Mr. R. Johnson, exhibiting the comparative cost of 
using guaranteed iron rails at 7/. 18s. per ton, and 
estimated to last three years, and of steel rails costing 
15/. per ton, supposed to last twenty years, thus show- 
ing a balance of 50 per cent. in favour of steel rails. 
Rails, of course, require renewal most frequently where 
the traflic is greatest, and consequently where the 
intervals between the trains are shortest and the 
facilities for doing the work least. Under these cir- 
cumstances there is, therefore, a greater chance of 
accident. As remarked by Mr. Williams, “ the general 
“adoption of steel rails on main lines, where the traffic 
“ was of the heavy description referred to, would not 
“only prove cheaper in the end, but, what was of 
“ infinitely greater importance, would, through the less 
“ frequent breaking up of the road, materially add to 
“ the safety of the travelling public.” 


IRELAND’S CUPOLA. 

In the subjoined figures we give sections of one of Mr. 
Ireland’s cupolas, of which a very large number are now at 
work in this country. The cupola has two rows of tuyeres, and 
is made with boshes like a blast furnace. In the lower row the 
tuyeres are three in number, and are Gin. in diameter inside, 
whilst in the upper row there are eight tuyeres, having a diameter 
at the nozzles PS in. The centres of the two rows of tuyeres 
are 1 ft. 7in. apart vertically: The lower part of the furnace is 
2 ft. Gin. in diameter; its size is reduced where the tuyeres 
are inserted to ] ft. 8in. The boshes, which are 1 ft. 9 in. high, 
enlarge from 1 ft. 8 in. to 2 ft. 9 in. in diameter. From the top 
of the boshes the furnace continues 2 ft. 9 in. in diameter for a 
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scale Ser.= lincw 
See ee 


aka 
height of 4 ft. 9 in. to the charging door, and it then enlarges to 
a diameter of 3 ft. 3 in. for the remainder of its height. The 
total height of the furnace from the floor to the top is 21 ft., and 
the diameter outside the iron casing is.4ft. lin. In charging 
this furnace it should be filled with coke to the top of the boshes, 
and four separate hundredweights of iron, alternated with three 
hundredweights of coke, should then be introduced to fill it up 
to the charging door. In these furnaces « ton of freely running 
iron has been run down by 14 cwt. of coke, but more usually 
from 2 to 2} ewt. is required. Great care should be taken that 
the furnace is kept to its proper shape by daily or, at all events, 
frequent repairs. The charges should also be made level, and not 
thicker in one place than another, 





Swepisn [RoNstoxe —'!'wo screw steamers have been built 


at Middlesborough, to bring Swedish ironstone from Stockholu 
to Stockton. ‘This ironstone is now in use, at the latte? place, 


to some extent, for mixture with the Cleveland stone. Its cost 


is about 30s. per ton, and its richness twice that of the Cleveland 
stone, worth 6s. 6d. to 6s, 9d. at the furvace. 

Tux Crewe Works.—We understand that Mr. Ramsbottom’s 
principal assistant, Mr. F. W. Webb, will shortly leave the 
Crewe works to take a position in the Bolton steel works. 


MR. DUNN'S TESTING 
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DUNN’S TESTING MACHINE. 

In the accompanying illustration, we give a sectional elevation 
of a compound hydraulic testing machine, made by Messrs. 
Thomas Dunn and Co, Manchester; the engraving being pre- 
pared from a drawing kindly supplied by the manufacturers. 
In this machine a hydraulic press cylinder, about 8$in. in 
diameter and 9in. stroke, is fixed horizontaily on the top of a 
cast-iron bed plate, as shown in the figure. The cylinder is 
furnished with a wrought-iron piston, having a rod 3} in. 
in diameter forged solid with it, this rod passing through the 
inner end of the cylinder, and being cottered into a wrought- 
iron crosshead, working between guides formed on the bed plate. 
The piston and piston rod are each packed with an ordinary 
cupped leather; that for the former being kept in its place by a 
brass ring bolted to the inner side of the piston, and that for the 
latter being held in the stuffing box by a brass gland. In front 
of the crosshead already mentioned is placed, between guides, 
a crosshead table (also of wrought iron), the position of which 
can be adjusted by means of the square-threaded screw, 31 in. in 
diameter, shown in the illustration. This screw works ina nut, 
1 ft. 7in. long, formed on the underside of the crosshead table. 
When a bar is to be tested by a tensile strain, it is placed in the 

sition of the bar marked A on the figure, it being made with 

shaped ends, the projecting portions of which fit into recesses 
honed ta each of the crossheads. When a compressive strain is 
to be applied, a shackle in the form of an oblong frame is 
attached to the piston crosshead, and the sample to be tested 
is enclosed between the end of this frame and a projection on 
the crosshead table. For applying a cross bending strain, the 
crosshead table is provided with two knife-edge brackets, ad- 
justable to various J sear apart. The bar to be tested is laid 
upon the table, resting against these brackets, and its centre is 
connected by a link with the piston crosshead, the connecting 
link being furnished with a knife edge Bearing against the centre 
of the bar. 

The machine is furnished with three independent means of 
measuring the strain appli:d to the object being tested. In the 
first place, the screw, by which the position of the crosshead 
table is adjusted, is made with a collar which bears against a 
small crosshead through which the plain part of the screw 
spindle passes, as shown on the right-hand side of the figure 
This crosshead, which is supported by a small roller placed. 
beneath it, is furnished on each side with a knife-edge stud, and 
is connected by means of links with the short arms of vertical 
levers placed at the end of the machine. The lower and longer 
arms of these levers are connected by links with the short vertical 
arm of a bell-crank lever, the longer and horizontal arm of which 
extends the whole length of the machine under the bedplate. 
The end of this longer arm is connected by means of vertical 
links with the shorter arm of a steelyard placed at the upper part 
of the machine, as shown in the illustration. This steelyard is 
turnished with weights, and by the system of levers just de- 
scribed the strain applied can be accurately measured. . Means 
are also furnished for estimating the strain by measuring the 





pressure at which the water is forced into the press cylinder. | 


One of the appliances fitted to the machine for measuring this 
pressure is shown in the figure. It consists of a small brass 
cylinder screwed into the top of the cylinder of the press, and 
furnished with a plunger fitting it accurately. This plunger 
acts, by means of a knife edge, upon a steelyard placed under 
that already mentioned, this steelyard being furnished with 
weights by which the pressure can be measured. The arrange- 
ment will be clearly understood from the illustration. In ad- 
dition to this, the machine is fitted with a hydraulic pressure 
gauge, or indicator, worked by a similar plunger to that just 
described, this plunger working, by means of knife-edge levers 
ud a sector, a hand moving round a dial. The indicator is 
furnished with a stop, which holds the band at the place to which 
it has been moved by the highest pressure applied to the sample 
being tested. This indicator is carefully marked and adjusted 
trom the other levers, and before testing the levers are carefully 
compared with each other, and the indicator with them. The 


levers indicate the strain put upon the material being tested in | Near the front end of the boiler the pip 
tons, cwt., qrs., and lb.; they are marked up to from 20 to 50 | down into a casting 12 in. deep, 6 in. in di 





per cent. of the power of the machine by the application of dead | 3 in. in diameter at the lower end; from t 





weights. The whole machine is compactly arranged, and a 
pears well adapted for its work; we may mention that as early 
as 1848 a hydraulic machine for testing chain cables was made 
by Messrs. Dunn and Co., for Messrs. Hingley, of Worcester- 
shire. 








THE BOILERS AT THE CROSSNESS PUMPING 
STATION. 

WE gave in this journal a few weeks ago (March 9th, page 
149) an account of the sewage pumping-engines at Crossness 
Point, and we now present our readers with illustrations show- 
ing the arrangement of the boilers for these engines, prepared 
from drawings kindly furnished by the makers, Messrs. D, 
Adamson and Co. As mentioned in the article already referred to, 
the boilers, which are twelve in number, are of the single flued 
Cornish class, 6 ft. in diameter and 30 ft. long, arranged ia two 
rows, 40 ft. apart, each row consisting of 6 boilers, placed side 
by side at a Tetanes of 9ft. from centre to centre, As the 
boilers are all similar, it will only be necessary that we should 
give the particulars of one of them. 

The flue is 3 ft. 3in. in diameter for a length of 10 ft. from 
the front end plate, and is then decreased by means of a taper 
ring about 2 ft. long, to a diameter of 2 ft. 1lin. In this latter 
portion of the flue are placed two vertical and six diagonal water- 
tubes, each 8 in. in diameter. These tubes, which are introduced 
to facilitate the circulation of the water as well as to obtain 
more heating surface, are flanged over at the ends for attach- 
ment to the flue plates. The centre line of the front part of the flue 
is 10 in. below the centre line of the boilers. The flue plates, the 
thickness of which has not been supplied to us by the makers, 
are each formed by means of a welded longitudinal joint 
into a solid ring; the ends of these rings are then flanged over 
so as to form the patent seam, of which an enlarged section is 
given in our illustration above the longitudinal section of the 
boiler. In this seam, which has been extensively used by Messrs. 
Adamson and Co., with excellent results, a stiffening ring 1s 
introduced between the flanges of the flue plates, as shown in 
the sketch. All the rivet holes in these rings and flanges, as well 
as all those in the boiler shells, are drilled; the drilling being 
performed after the plates are bent and put together, so that 
perfectly fair holes are obtained. The plates of the outer 
shells are 3 in. thick, and are united to the end plates 
by 3in. angle iron rings. At the front end the angle iron ring 
is placed outside and at the back end inside the boiler, ° 
shown in Fig. 1. The end plates are each strengthened by 
four gusset stays, extending Pes 2 ft. 8. in. along the = 
shell, and arranged as shown on Figs. 2 and 4, and also 

i 1 stays, placed 
2 ft. 3m. im 
i on the top of 
the dome 1s 


by an angle iron ring and two longitudina 
as shown by the same figures. A dome, 
diameter and 2 ft. 9in. in total height, > — 
the boiler, the hole in the boiler shell by which the “ 
placed in communication with the barrel being 14in. <t 
meter, and strengthened by a ring rivetted round it. The rit 
has a manhole, 1 ft. 4in. in diameter, formed in the top of i 
about 9ft. Gin. from the front end. The manhole cover = 
ring are of cast iron, and a wrought-iron strengthening ring 
interposed between the cast-iron ring and the boiler shell. se 
The boiler is fitted with two 3 in. safety valves, one pater 
valves being loaded by a spring and the other by 3 pon en 
lever. The valves are placed on the top of a short r= the 
column, 5 in. in diameter inside. The steam pipe hating. eh < 
top of the dome is 8 in. in diameter, and is furnished “i 
screw-down valve, from the casing of which a —_ 
to a cast-iron pipe, 18in., placed over each row of boi youd 
boiler is furnished with two gauge glasses, and & float 0 rors 
with an alarm whistle is also supplied, the whistle paper 
action when the water level becomes too low. The se the 
is connected with a perforated pipe, which extends = wd the 
boiler near the water level, as shown by Figs. 1 and ee the 
biow-off cock is connected with a similar pipe running “figart 
bottom of the boiler under the flue, as shown in the ear or 
r the pipe last mention 
ameter at the upper! 
he bottom of this # 
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ees hae to = blow-off cock, which is conveniently placed 
er ootplate, and from it a pipe is led to a 12-in. collect- 
Hs Pipe, running along in front of the row of boilers, as shown in 
a A Pipe is also led from the seum cock to the same col- 
dn e pipe. The feed water is — to the boilers by means 
Fig it Pipe placed in front of each row of boilers, as shown in 
te the’ — pipes furnished with cocks leading from this pipe 
Ps ay eck feed valve of each boiler. A pressure gauge is fed 

t ree of each boiler, as shown by Figs. 1 and 2. 
the a ead plate is 1 ft. 2 in, long, and placed 1 ft. 53 in. above 
ae » of the flue. The firegrate is 7 ft. long, thus having 
sagihe o Hh. square feet. The firebars are arranged in two 
mp by are carried by cast-iron bearers; the bridge is also 
bridge § A ag & casting, as shown in Fig.1 The top of the 
oul Ay t. Zin. below the crown of the flue, and the area 
ae Is therefore equal to about 2.8 square feet. The fire- 
fitted — is furnished with two firedoors, each of which is 
oun Be ernenment for the admission of air through it, 
late fit ‘ig. 2. In front of the ashpit is placed a curved 
fan hin — ventilators for the admission of air, this plate 
it is fame arty the bottom, so that it can be turned down when 
this phe ed to clean out the ashpit. The space enclosed by 
eat € Js in communication with a flue leading to the 
8° reservoirs, this flue being fitted with a damper, as 








shown by Fig. 1. By opening this damper and closing the ven- 
tilators in the plate in front of the ashpit, the air for the fire 1s 
drawn from the sewerage reservoir, this arrangement bein 
used when the reservoirs are being filled, or when it is required 
to free them from bad air. 

The draught from the internal flue is first led along the 
bottom of the boiler and then split and returned along the sides ; 
the form of the flues is shown by Figs. 4 and 3, the former being 
a transverse section through the boiler and flues and the latter 
a section through the flues only beyond the inner end of the 
boiler. The bottom flue is 3 ft. wide between the side walls, and 
1 ft. Gin. deep below the bottom of the boiler, its sectional area 
is thus slightly over 5 square feet. The distance between the 
outside walls of the side flues is 7 ft. 6 in., and the total height 
of the flues 3 ft. 8in., the tops being 12 in. above the centre line 
of the boiler. The least distance between the boiler and the 
side walls of the flue is thus 9 in., and the sectional area of each 
flue is about 4} square feet, the corners being rounded. The 
flues are all lined with firebrick, and the side flues are provided 
with doors at the front end for the removal of soot and ashes; 
these are shown in Fig. 2. The short vertical flue which con- 
nects the internal flue with that under the barrel of the boiler 
is 3ft. 4in. wide at the upper part and 3 ft. wide at 
the bottom, the end wall being 2 ft. from the end of 














the boiler. Figs. 1 and 5 will show clearly the arrange- 
ment of the bottom and side flues ; and from these it will be seen 
that the former only reaches to within about 2 ft. 4 in. of the 
front end of the boiler, whilst the latter are carried nearly the 
whole length, the thickness of the front supporting wall being 
14in. The main part of the boiler is supported upon six cast 
iron brackets, of the shape shown in Fig. 4. These are placed 
three on the top of each side wall of the bottom flue the positions 
of them being shown by Fig. 1. As stated in the article on the 
Crossness engines to which we have already referred, the boiler 
flues are connected with a chimney 159 ft. 9 in. high, and 8 ft. 
3 in. in diameter inside. The chimney is at a distance of 110 ft. 
from the centre of the engine house, and is connected with the 
boilers by a semicircular topped flue, 9 ft. 9in. high, and 5 ft. 
6 in. wide inside. In conclusion we may say that the boilers at 
Crossness are, both in their construction and setting, excellent 
examples of the best modern boiler-making practice. 








Competition From ABRoAD.—We believe it to be under the 
consideration of an American manufacturer to export portable 
engines to this country for sale. His price list, which we have 
seen, quotes lower figures than now prevail in England, even 
under the recent reduction. 
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THE NORTH LONDON ENGINES. 


Wirntn the last few years a large and constantly 
increasing “local” traffic, as it is termed, has been 
developed on the railways in the immediate neighbour- 
hood of the metropolis, this traflic necessitatmg the 
running of trains starting at short intervals, and making 
frequent stoppages. On a few railways, such as the 
North London and the Metropolitan, the passenger 
traffic is entirely of the kind just mentioned, and the 
engines and carriages of these lines have therefore been 
specially designed to meet the requirements of the case. 
As far as the engines are concerned, the principal re- 
quirement is that they should have the train at all 
times under command, and they should thus be able to 
start readily from any station m any weather, without 
causing a delay through slipping or want of cylinder 
power. It is only by the use of heavy coupled engines 
that this requisite amount of power and adhesion can 
be obtained, and we therefore find that on the lines 
having a large local traflic coupled tank engines, weigh- 
ing from 35 to upwards of 40 tons, are now being regu- 
larly employed. 

On the North London Railway, Mr. William Adams, 
who has had great experience in the working of local 
traflic, has adopted eight-wheeled inside cylinder tank 
engines. The engines are carried at the leading end 
upon a form of four-wheeled bogie patented by Mr. 
Adams. The two pair of 5 ft. 9 in. coupled wheels are 
placed at a distance apart of 8 ft., and the bogie wheels, 
which are 3 ft. in diameter, at a distance of 6 ft. apart 
from centre to centre. The distance from the centre 
of the driving wheels to the centre pin of the bogie is 
11 ft. 2 in., so that the extreme wheel base is 22 ft. 2 in. 
The tyres are of steel 5}in. wide, and 2}in. thick 
at the tread; they are secured to the wheels by 
Beattie’s patent fastener. The centre of the driving 
axle is 1 ft. ll in. in front of the firebox casing. 
The main frames of the engine are placed at a dis- 
tance of 4ft. 1}in. apart; they are 1 in. thick, 
and have a least depth of 1 ft. 2in. The driving 
and trailing hornplates are formed by the frame 
plates, and the latter are also deepened where the 
cylinders are attached. The driving and trailing axle- 
box guides are of cast steel, and extend across the 
top as well as down the sides of the spaces for the axle 
boxes. ‘They are made very deep at the top, so as to 
materially strengthen the frames, and are fitted with 
adjusting wedges. The transverse stays connecting 
the frames consist of the buffer plates, the smokebox 
tube plate, the plate carrying the hinder end of the 
motion bars, and a plate stay, } in. thick and 1 ft. 2 in. 
deep, placed just in front of the firebox. ‘The cylin- 
ders also, being inside, form a good connexion 
between the frames. There are also two outside 
frames, formed of angle iron, 8 in. deep by 3 in., placed 
at a distance of 1 ft. 74in. outside the main frames. 
These are connected with the inside frames by the 
buffer plates, and by two plate stays, placed one 
hetween the driving and trailing wheels and the other 
in a line with the plate stay carrying the ends of the 
motion bars. The frames are 29 ft. 64 in. long, and a 
wooden buffer beam, 17 in. deep and 5} in. thick, is 
placed outside each buffer plate, which is of the same 
depth as the beam, and 3 in. thick. The drag hooks 
are furnished with springs composed of George Spencer 
ana Co.’s india rubber cones. 

The bogie frames consist of plates, 9 in. deep by 3 in. 
thick, forming the side frames and hornplates, these 
being connected near the centre by two ™ irons, 8 in. 
deep by 4 in., placed at a distance of 83 in. apart ; and 
at each end by a T iron, 6in. by 3in. The ends of 


the — irons are bent over and bolted to the side 
frames, and the JT irons are connected to the 
side frames by corner knees, LOin. by 10in. 


The distance transversely between the side plates of 
the bogie frames is 6 ft. 6 in., and the length of the 
frames between the end T irons is 9ft. 4in. The 
bogie pin is secured to the bottom plate of the smoke- 
box, and is also supported by the cylinder castings. The 
bogie pin, which is Gin, in diameter, works in a bush 
sliding between the two ™ irons of the bogie frame, 
these ™ irons being faced with steel on the upper side. 
‘The bush just mentioned has a lateral traverse allowed 
it of 44 in. each way, so that the bogie can readily adapt 
itself to curves. Both the bogie pin and bush are fur- 
nished with broad flanges, and between these is placed 
a thick india-rubber ring, through which the weight of 
the front part of the engine is transmitted to the bogie. 
A bolt, 24 in. in diameter, with a nut and washer at its 
lower end, passes through the bogie pin and a hole in 
a plate placed below the ~ irons: this bolt prevents 
the engme from being displaced from the bogie, whilst 
sufficient space is left between the washer and the 


plate just mentioned to allow the india-rubber spring 
to play. 

The axles of the bogie wheels are of steel, and are 
5 in. in diameter between the wheels. The wheel seats 
are 54in. in diameter by 53 in. long, and the bearings, 
which are outside the wheels, are Sin. long, 4in. in 
diameter, and 5 ft. 114 in. from centre to centre. The 
driving and trailing axles, which are also of steel, have 
wheel seats 7 in. in diameter by 7} in. long, and bearings 
of the same length and diameter, the distance from 
centre to centre of bearings being 3ft.10+in. The 
diameter of the axles between the wheels is 7 in., and 
the driving crank axle has crank bearing 7 in. in 
diameter and 4 in. long, the sides of the cranks being 
34in. thick by 10in. broad. The bogies have a single 
reversed spring of 6 ft. span on each side, the ends of 
this resting on the axleboxes. The centre of the spring 
is connected with the bogie frame by a bolt forged 
on the spring-box, which passes down through a casting 
fixed on the inside of the side frame, between the ™ 
irons, and is secured below by a nut and washer, the 
latter resting upon an india-rubber ring interposed 
between it and the under side of the frame. These 
springs are each composed of sixteen plates, 6 in. wide 
and 4in. thick, except the bottom plate, which is 
thicker. The springs for the driving and trailing 
wheels are arranged below the axles. They have a 
span of 3 ft. 3in., and each consists of eleven plates, 
5in. wide by }in. thick. Compensating beams with 
equal arms are placed between them. The leading 
axle boxes are of cast iron, with brass bearings, and 
the driving and trailing axle boxes are of brass, with 
cast-iron keeps. 

The boiler-shell is double rivetted throughout, 
and is composed of }in. plates. The barrel is 4 ft. 
lin. in diameter inside at the smallest part, and 11 ft. 
8 in. long., whilst the centre line is 6 ft. 8 in. above 
rail level. The firebox casing is 5 ft. 2 in. long, and 
4 ft. 0} in. wide at the bottom; the top is flush with 
the boiler barrel, and the bottom is 4ft. 9 in. below 
the centre line of boiler. The inside firebox is 4 ft. 
54 in. long inside at the top, and 4 ft. 8 in. at the 
bottom, the total height inside being 5 ft. 6 in., or 5 ft. 
lin. above the firebars, and the width 4 ft. 6} in. at 
the top and 4 ft. 7 in. at the bottom. The back 
and side and top plates of the inside firebox are } in. 
thick, whilst the tube-plate is Zin. thick at the upper 
part, and }in. thick ‘om the tubes. The roof of the 
firebox is stayed by eight longitudinal roof stays, each, 
except the two outside ones, composed of two plates 
? in. thick and 6in. deep. The rem of the outside 
stays are but 5 in. deep, the thickness being the same 
as In the others, A space of 1}in. is left between the 
roof stays and the crown of the firebox, and eight sling 
stays, 2} in. by lin., are introduced between the roof 
stays and the top of the firebox casing. The back plate 
of the firebox casing is flanged over to join the side 
and top plates, and the front plate is also flanged to 
join the barrel of the boiler. The smokebox tube plate, 
which is } in. thick, is united to the barrel by a ring of 
44 in, by 4in. by } in. angle iron, and is flanged forward 
for attachment to the smokebox plates. The lower 
part of the tube plate is carried down between the 
frames, and is united to them by 3 in. angle iron. The 
smokebox is 2 ft. 5 in. long at the top, and 2 ft. 8 in. at 
the level of the foot-plate, the extreme width being 
4ft. 10in. inside. It is made of ;4in. plates. The 
chimney, which is made of } in. plates, is { ft. 33 in. in 
diameter at the bottom, and 1 ft. 3 in. at the top, the 
height above the level of the rails being 13 ft. 4 in. 
The bottom projects 2} in. below the top of the smoke- 
box. The boiler contains 120 brass tubes, 24 in. in 
diameter for the main part of their length, and 11 ft. 
11§ in. long between tube plates. The tubes are No. 
10 wire gauge thick at the firebox end, and No. 12 at 
the smokebox end, and at the latter end their diameter 
is increased to 27, in. They are placed at a distance of 
in. apart. The external tube-heating surface amounts 
to 846 square feet, and the firebox surface to 112 square 
feet, making a total surface of 958 square feet. The fire 
grate area is 16} square feet. 

The back plate of the firebox casing and the smoke- 
box tube plate are stayed together by four longitudinal 
stays 1} in. in diameter. A dome, 1 ft. 9 in. in diameter 
and 2 ft. 22in. high inside, is placed on the barrel of 
the boiler, at a distance of 7 ft. 7 in. from the back of 
the firebox casing. The dome ring on the boiler is of 
brass, and is 54 in. high, whilst the upper part of the 
dome is composed of a wrought-iron plate , in. thick. 
The top of the dome is fitted with a cast-iron cover. The 
flanges for connecting the dome to the ring and to the 
cover are formed, the former byan external and the latter 
by an internal ring of 53 in. by 33 in. by } in. angle iron. 





A man-hole, 1 ft. 3in. in diameter, furnished with a 








brass ring and cast-iron cover, is placed on the top of 
the firebox casing, the cover carrying a pair of Rams. 
bottom’s patent safety-valves, each 3 in. in diameter. 
The regulator is placed within the dome, and consists 
of a “ butterfly ” valve, worked by a double arm on 
the regulator rod. The copper pipe leading from it to 
the smokebox is 44 in. in psa and No. 9 wire 
gauge thick. 

The cylinders, which, as we have already stated, are 
inside, are 17 in. in diameter, with a stroke of 2 ft. ; 
they are placed at a distance apart of 2 ft. 4 in. from 
centre to centre. The steam ports are 144 in. by 1} in,, 
and the exhaust ports 143 in. by 3} in. ; the bars being 
lin. wide, and the total length of the face 1 ft. 1 in, 
The steam pipe from the boiler is 4} in. in diameter, 
and the blast pipe is 7? in. in diameter at the bottom 
and 6in. at the top, the nozzle being further con- 
tracted to a diameter of 4fin. The top of the nozzle 
is about 13 in. below the bottom of the chimney. The 
cylinders are made with loose covers at both ends, and 
these covers are furnished with air spaces to check 
radiation. The cylinders are firmly secured to the frame 
by flanges above and below them, and a plate 1 in. thick 
is placed beneath them, and connected to the frames 
ad tubeplate by angle irons. The distance from the 
centre of the driving axle to the centre of the exhaust 
ports is 11 ft. 2 in., and the cylinders are set at an in- 
clination of 1 in 18. The pistons are of cast iron with 
brass packing rings. The piston rods are of steel, 
and are 28 in. in diameter. The enlarged part 
of each rod which enters the piston is tapered from 
3in. to 23 in. in diameter in a length of 3,4 in, 
and the rods are secured by nuts on the front 
side of the piston. The rods are cottered into the 
crossheads. The crossheads are fitted to double slide 
bars 4 in. wide, the crosshead blocks being 14 in. 
long. The crosshead pins are 2 in. in diameter where 
they enter the blocks, and 24in. between them. The 
slide bars are of steel. The connecting rods are 
7 ft. lin. long from centre to centre, the crank bearing 
being 7 in. in diameter and 4 in. long, and the cross- 
head bearings 2} in. in diameter with a length of 24 in. 
The crank pins, which are of steel, taper from 44 in. 
to 4%; in. in diameter in the wheel bosses, the coupling- 
rod bearings being 4in. in diameter and 3+ in. long. 
The coupling rods are 3} in. deep and 1} in. thick, and 
are forged solid in one piece of Bessemer steel. In- 
stead of the end being fitted with brasses in the usual 
way, they have iron bushes lined with white metal 
forced into them and secured by screws and cotters. 
These bushes fit the crank pins accurately, and are re- 
moved and relined when they become worn. 

The valve motion is of the shifting link kind, and a 
great portion of it is made of steel. The larger part 
of each eccentric is of cast iron, and the smaller part 
of wrought iron. The eccentric straps are of wrought 
iron forged solid with the rods, and furnished with 
brass liners; the eccentric rods are 5 ft. 7} in. long 
from centre to centre. The expansion links are open 
links, and are supported by their upper ends, the 
weighbar being below the motion. The valve spindles 
are of steel, 1} in. in diameter, and placed ata distance 
apart of 33in. from centre to centre: they are con- 
nected with the blocks of the expansion links by links 
2 ft. 112 in. long. 

The water is carried in a pair of wing tanks, 14 ft. 
Gin. long, 4 ft. 3in. deep, 1 ft. 6 in. wide at the bottom 
and 2ft. 3in. at the top, where they curve over to fit 
the boiler: they hold, together, 1100 gallons. The 
width over the tank from outside to outside is 7 ft. 7}1., 
and the front ends of them are 6 ft. in front of the centre 
line of the driving wheels. Recesses are formed in the 
tanks to clear the driving and trailing wheels, and they 
are filled through manholes at the top, 14 in. in diameter. 
The two tanks are connected by a copper pipe, 97 
by 4}in., passing under the barrel of the boiler. The 
boiler is fed by a pair of Giffard’s injectors fixed to the 
back of the tanks, the water being led into the barrel 
of the boiler near the front end, 6 in. below the centre 
line. The coal space is 3 ft. high, 2 ft. 34 in. long, am 
7 ft. 7} in. wide, a space of 4 ft. 4 in. being left between 
it and the back of the firebox casing. Within the c0a 
space are placed two sandboxes, each 1 ft. 10m. long by 
12 in. wide by 1 ft. Sin. deep. These are for use 
when the engine is going backwards, and another 
sandbox, about 1 ft. 9 in. in diameter and 1 ft. $m. high, 
is placed on the top of the boiler for use when ms 
engine is going forward, this last sandbox being = 
with pipes leading to each side of the engine. All the 
sandboxes have conical valves fitted to the mouths of 
the sandpipes ; these valves are furnished with levers 
by which they can be raised, and as the = 
used is all carefully dried and sifted, a regular supp 
is thus delivered upon the rails. ‘The engines are tte 
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with ordinary brakes acting upon all the coupled 
wheels. The smoke-burning arrangement consists of 
a “scoop” or deflector placed inside the firedoor, and 
a transverse brick arch placed at the front of the fire- 
box below the tubes. This arch is slightly inclined, 
and the inner corners are cut away so that any coal or 
ashes which may get upon the top of the arch can fall 
through; the arch is carried upon studs screwed into 
the sides of the firebox. The firedoor is of the Midland 
pattern, consisting of two halves which slide laterally, 
and are connected by links and levers so that they move 
simultaneously. The ashpan, which is formed of 53; in. 
plates, is 9} in. deep below the bottom of the firebox, 
and is furnished with a damper at each end. 

The drawings, from which the above particulars were 
obtained, were kindly furnished us by Mr. Adams some 
months ago, before this journal was started, and we at 
first intended to prepare an illustration from them. We 
were convinced, however, that it would be impossible 
within the space at our disposal to do justice to the sub- 
ject by a wood engraving, and we therefore preferred to 
describe the engmes, as has been done in the present 
notice. The engines weigh, in working order, about 
42 tons, and of this weight 30 tons rest on the coupled 
and 12 tons on the bogie wheels. They are worked at 
a pressure of 160 lbs. per square inch. The passenger 
trains worked by these engines consist of twelve car- 
riages, each weighing, empty, about 74 tons. The 
first-class carriages, which were described in this journal 
a short time ago (March 16, page 165), hold 32 pas- 
sengers, and the second-class carriages 50 passengers. 
The engines also work goods trains consisting of about 
45 loaded waggons, the gross weight of the engine and 
train being in this case from 380 to 400 tons. The 
engines do their work well, and are admirably adapted 
to the traflic for which they were designed. 








BROADSIDE AND MONITOR IRON- 
CLADS. 


To tHe Epitor or ENGINEERING. 


Sir,—lI should like to see a discussion in your pages 
as to the comparative powers of resistance and destruc- 
tion pe cabin by a broadside vessel and a monitor of 
equal size. If, for example, we take as the type of 
broadside vessel the Bellerophon, the strongest and 
most perfect of our sented and if as the type of 
monitor we take the Puritan or Dictator, we shall find 
that while the guns of the broadside vessel are power- 
less against the iron tower or low and thick sides of 
the monitor, the guns of the monitor will be able to 
pierce the thin armour of the broadside vessel with as 
much ease as if it were pasteboard. The Bellerophon 
carries five guns on each side, of 10}in. bore. The 
Dictator carries two guns of 15 in. bore, and the 
Puritan two guns of 20in. bore. The thickness of the 
armour of the Bellerophon is 6in. The thickness of 
the turret of the Dictator is 15 in.; but the Dictator is 
the smaller vessel, and if her displacement were made 
equal to that of the Bellerophon, the turret might be 
made 24 in. thick, and other parts increased in similar 
proportion. I have constructed a diagram to show at 
What angle the guns of the Bellerophon could fire down 
on the deck of the Dictator, and I find the greatest 
possible angle to be 10°, and with such an angle I do 
not see how the recoil is to be taken up; but at such 
an angle the shot would not penetrate, but would glance 
off. xperiments were made in America on targets 
weaker than fhe Dictator’s deck, inclined at an angle 
of 15° with the horizon, and fired at from an 11-inch 
gun, and in no case did the shot pass through. The 
monitors, though so low in the water, are perfectly sea- 
worthy, by reason of the precaution taken to make the 
openings in the deck proceed through high towers or 
turrets which the waves cannot overtop; and monitor 
vessels have passed with safety through the severest 
storms, while they are known to be the healthiest 
vessels in the American navy. Why, then, have we 
not got monitors ? and what should our predicament 
be if such vessels were suddenly to confront us? I 
fear we have followed the lead of France too much in 
this matter, whereas we are certainly more capable than 
France is of determining what arrangement is best.— 
Yours, &c., Joun Bourne. 








Pic Irox.—The Barrow-in-Furness Hematite Company— 
the purchasers of Messrs. Schneider, Hannay and Co’s turnaces 
—are understood to have orders upon their books for upwards of 
100,000 tons of pigs. 

fur T EES BREAKWATER.—Dnuring the year ending Oct. 31st., 
1865, the Tees breakwater was extended 600 ft., b tipping 
+64,780 tons, chiefly of furnace slag, at a cost of 61220. The 
Tees conservancy board dredged 63,000 tons of material at an 


average cost of 6d. per ton. The total rev is- 
sioners for the last ——— 


SMOKE PREVENTION. 
To THE Eprtor or ENGINEERING. 

Srr,—I believe you have hit upon the solution of the 
problem of smoke prevention in the most general form, 
im recommending the preliminary conversion of fuel 
into combustible gas, prior to the formal admixture of 
air for combustion. The experience that has been 
gained with the gas furnaces attached to the regenera- 
tive system of Mr. Siemens, has proved that fuel can be 
completely burnt without discharging smoke, and also 
that it can be done with the greatest degree of economy. 
As Mr. Fairbairn very truly says, you must. have a high 
temperature, air must be wimitted above or beyond the 
fuel, it must be thoroughly mixed with the gases to be 
consumed, and the draught must be sufficient. These 
conditions are united in the greatest perfection in the 
gas furnace. 

There is plenty of evidence, it is true, that smoke 
may be consumed with an economical result in ordi- 
nary furnaces; but under what circumstances? Care- 
fully studied firing, easy combustion, abundant boiler 
power, and no stress on the fuel. I do not now point 
to slow any more than to rapid combustion. A Cornish 
boiler burns only 4 1b. of coal per hour on each square 
foot of firegrate, and an express locomotive engine 
burns twenty times as much; and they can both be 
made, with equal facility, to consume their smoke, and 
economically too. But, where boilers are short of 
steam, or, in other words, where more work is taken 
out of them than they are adapted for, the fire must be 
perpetually urged and the coals turned over, large 
volumes of combustible gases escape unconsumed, un- 
less the firedoor is opened and plenty of air admitted: 
but then the pressure falls, and the engine loses speed. 
There are multitudes of plans for smoke-consump- 
tion ; but the proprietors of furnaces are sick of them, 
by reason of the great expenses in most cases attend- 
ing the application of them, their want of durability, 
the want of care of management, and the want of 
efficiency. Ihave seen hundreds of furnaces cured, 
but in the majority of instances no economy has been 
effected, except incidentally by enabling the proprietor 
to burn a cheaper class of fuel; and there can be no 
doubt that the professions of saving—in many cases 
25 to 50 per cent—made by nine out of ten smoke 
doctors, are utterly unsupported by experience. 

In the use of the gas lamas for industrial purposes, 
introduced into this country by Mr. Siemens, the French 
have set us a lesson. The fuel being, in the first place, 
converted into gas, increased facility is afforded for 
reducing the loss of heat by surplus air to the lowest 
practicable limit, and at the same time effecting that 
intimate mixture of the elements which is essential for 
complete combustion; thus, not only is the appearance 
of smoke prevented, but a decided saving of fuel is 
realised as against the ordinary system of burning un- 
converted coal on the common grate. 

Juckes’s furnace, by the way, is very efficient—pro- 
bably as good as the Cornish boiler stoked in the 
Cornish style. But they both require plenty of room; 
moreover, you cannot by either method get up the 
high temperatures required in many situations.—I am, 
yours, obediently, D. K. Crarx. 

London, March 22, 1866. 








THE FOURNEYRON-BOYDEN TURBINE. 

Mr. J. B. Francis, the engineer to the Locks and Canals 
Company of Lowell, U.S., is well known by reputation to man 
of our readers as the author of a valuable work upon hydraulic 
experiments, conducted under circumstances which probably se- 
cured them ina greater degree aguinst the chance of error than was 
the case with the experiments of the French engineers, D’Aubuis- 
son, Poncelet and Lesbros, and others. Mr. Francis’s book is best 
known, perhaps, from its very minute description of the large Four- 
neyron turbines worked at Lowell, and made upon the designs and 
with the improvements of Mr. Uriah A. Boyden, of Boston, U.S. 
With the knowledge imparted by Mr. Boyden under his agreement 
with the Locks and Canals Company (who control 9000 horse 
power of waterfall at Lowell), Mr. Francis has himself designed 
several large turbines which are now at work. One of these, of 
which two were made for the Merrimack Manufacturing Com- 
pany (the same company have besides many of the same class 
of turbines of somewhat different dimensions at work), forms 
the subject of the illustration on the next pa We engrave it 
from working tracings, for which we are indebted to the kind- 
ness of Captain J. C. Hoadley, C.E., of New Bedford, U.S. 

The waterfall of the river Merrimack at Lowellis 365 ft., and 
about 1500 horse power are obtained upon the full fall of 33 ft. 
(2 ft. being lost in the inclination of a long canal), while about 
7500 horse power are worked upon the same fall, divided in two 
descents of 14 ft. and 19 ft. respectively. The wheel which we 
engrave works upon the full fall of 33 ft. The stationary disc 
is 7 ft. 132 in. in diameter, and the revolving wheel is 8 ft. 83 in. 
in diameter. The water is gradually brought to rest in a 
fixed ‘‘ diffuser,” a feature patented by Mr. Boyden, and 
which (made of wood in this case, as it is always under water) 
is 16 ft.in diameter. There are 83 fixed guides, with a clear 
distance of 232 in. between their ends; and there are 60 buckets 





scal year was 12,0711. 


them of 15 in., the least depth of the buckets between the crowns 








in the revolving wheel, with a clear minimum distance between | an 
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— 9:in. Mr. Francis’s rules for proportioning turbines 
would give about 66 revolutions per minute for such a wheel on 


a 33 ft. fall, and it should discharge about 220 cubic feet of water 
per second, and give out about 620 actual horse power, assuming 
the useful effect to be but 75 per cent. of the theoretical power, 
which, in this case, would be 825 horse power. The same class 
of wheels have, however, been tested by Mr. Francis with an 
ascertained efficiency of 88 per cent. It appears, moreover, that 
this wheel makes 72} revolutions per minute. 

We shall, in a further article, give the rules for setting out 
the guides and buckets of these wheels, as well as a notice of the 
special features designed by Mr. Boyden, and adopted by Mr. 
Francis in his own practice. We shall confine ourselves at 
present, therefore, to giving some of the dimensions of the wheel 
we have illustrated. 

The flume at the point on the extreme left of our engraving is 
8 ft. in internal diameter, regularly diminishing to 7 ft. at the 
first joint which encircles the shaft, and to 6 ft. 9% in. at the top 
of the portion which is more rapidly contracted to 6 ft. 5g in. at 
the bottom of the ‘‘ garniture,” or (say) the upper edges of the 
fixed guides. The gate is a cylindrical ring or pipe 1 in. thick, 
rising and falling between the outer ends of the guides and the 
inner ends of the buckets. 
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The wheel is suspended from seven collars at the top of the 
shaft, the bottom of which is steadied only by adjustable bearings 
or blocks supporting no weight. Taking the parts in which the 
collars above and the steady pin below are formed as part of the 
shaft, its whole length is 82 ft. 7 in.; its diameter is 9} ins. 
enlarged to 10;% in. where the wheel is fastened on by three 
keys, the boss of the wheel, 17} in. in diameter, being also 
encircled by eight hoops of wrought iron, each 2 in. wide and 
1 in. thick, oul tightly shrunk on. The length of the boss is 
21in. The thickness of the revolving disc next the boss is 
2¢in., and 1} in. next the lower crown. Its weight is 4385 lb. 
The fixed disc, upon which the guides are mounted, is 2} in. 
thick, and weighs 4975 lb. The disc pipe is 2in. thick, and 
154in. outside diameter, ‘The disc pipe passes through a cir- 
cular opening, 22 in. in diameter, in the flume, and the 30 in. 
flange around this opening, and the flange, of the same dia- 
meter, on the top of the disc pipe, are made water tight by a 
hoop closely fitting about them, and packed with india-rubber. 

A screw wheel 8 ft. 10 in. in diameter, and having six square 
threads around its circumference, is employed to raise the gate, 
the screw wheel being revolved, by hand gear and internal teeth, 
around a fixed bearing above the top of the dise pipe. The gate 
is balanced in part by the upward pressure of water, and for the 
rest by a balance weight of 600 lb. hung on the end of a lever, 
having arms in the ratio of three to two, and thus supporting 
the gate with a force of 900lb. The weight of the gate is 
8180 lb., exclusive of hoisting gear. Taking the area of the 
lower edge of the gate as 264 square inches, the upward pres- 
sure of a head of 33 ft. of water would be about 3700 lb. 

The bevel gears, through which the power is taken off, are each 
made in halves bolted together. ‘The wheel on the turbine shaft 
has fifty-six teeth, 9 jn. long and of 5 in. ae on the outer pitch 
line, which is 7 ft. 4 in. in diameter, the other wheel having 
forty-five teeth on an outer pitch line 5 ft. 11§in. in diameter, 
the regulation speed of the horizontal shaft, 94 in. in diameter, 
being 90 revolutions per minute. 

We cannot be quite sure of the power of this wheel, but we 
can estimate it nearly. ‘The collective area of the narrowest 
sections of the buckets is 6.18 square feet. ‘The theoretical ve- 
locity of the water, due to a 33 ft. tall, is 46 ft. per second, and 
at this rate 2844 cubic feet per second would pass the wheel. 
But the real velocity is much less than the theoretical velocity, 
and Mr, Francis found it to be but 0.624 of the theoretical ve- 
locity in his experiments upon the Tremont turbine, This 
would give a discharge of 1774 cubic feet per second. This, on 
a 88 ft. fall, and taking 75 per cent. of the theoretical efficiency, 
would give almost exactly 500 horse power. For this power the 
shafting appears somewhat light, unless we compare it with the 
shafting of screw steamers, We may say that were we to apply 
Mr. Fairbairn’s rule for the safe-working strain of wrought-iron 
shafts to the Agincourt’s shaft, it should have been 30 in, instead 
of 20 in. in diameter in the late full-power trials; and the shaft 
of the turbine in questior is in about the same proportion to the 
power. The gearing, however, appears hardly in proportion to 
the shaft, the pressure on each tooth at 72 revolutions of the 
turbine, and working to 500 horse power, being 10,400 Ib. 

The steady pin at the bottom is of cast steel, and so are the 
collars which carry the weight of the wheel at the top. These 
collers run in Babbett metal, which is the same, we tang as 
that so largely introduced into this country by the late Mr. Dew- 
rance. The cone bearing of seven collars is suspended upon a 
framing, which is adjustable in all directions, so that the wheel 
shaft may hang perfectly plumb while supported evenly on the 
collars, and it is then that the steady pin is adjusted by the 
blocks below. The shaft, it will be seen, is furthermore steadied 
by adjustable bearings, one on each side of the main bevel wheel, 

id the bearing of the longitudinal shaft has a collar to prevent 
end thrust from the action of the bevel wheels. 
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PUBLISHER’S ANNOUNCEMENT. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

All letters connected with the business department of 
this paper to be addressed to Mr. Charles Gilbert, the 
Publisher, 37, Bedford-street, Strand, London, W.C. All 
other letters to be addressed, there, “‘ To the Editor.” 

ENGINEERING is published punctually at 1 p.m. every 
Friday, and most of the large London newsagents are sup- 
plied between two and three o'clock. This is stated because 
constant complaints are being received of the difficulty of 
getting the paper in the Country. 


Cheques and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 


ENGINEERING is registered for transmission abroad, 


The publisher of Tuk ENGINEER newspaper, who, it need 
hardly be said, can know but little of the business affairs of this 
journal, has just issued a circular, which has reached us, in 
which he has taken upon himself to describe the larger portion 
of the large average circulation of ENGINEERING as gratuitous. 

We have to state, therefore, for the information of our adver- 
tisers, that of the first edition of this journal upwards of 61,000 
copies were paid for in cash, and it is further within our know- 
ledge that they reached the most influential classes in Great 
Britain. Whether any of these copies were delivered gratuitously 
or no is a matter with which we have nothing todo. We may 
add that it is well known that the conductor of this journal was 
for nearly six years the sole editor of Tuk ENGINEER newspaper, 
and that he, therefore, does possess a full knowledge of the posi- 
tion of that journal for that time. He may state, therefore, that 
irrespective of the extraordinary sale of the first number of 
ENGINEERING, and which is likely to be repeated in the case 
of future numbers, the current weekly number of copies printed 
is already the same as were printed of THE ENGINEER in 
October, 1858, when Mr. Colburn assumed its editorial manage- 
ment, and when it had nearly completed the third year of its 
existence. As an answer to constant idle rumours which reach 
us, it may further be added that this journal is not owned nor in 
any way controlled by any manufacturer or firm of engineers, 
nor by any railway company, nor any newsagent. 





Tue InstITuTION OF CrviL ENGINEERS will not meet on April 3rd, 
that day being Easter Tuesday. 
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ANGLO-AUSTRIAN TREATY OF 
COMMERCE. 


Tue treaty of commerce recently concluded between 
this country and the empire of Austria will probably 
have a considerable effect upon many branches of the 
industry of both countries, but above all, and with a 
greater certainty than anything else, it will produce a 
remarkable change in the iron trade between them. 

There is no other country in Europe which up to 
the present moment has so jealously attempted to 
protect its iron manufacturers from foreign competition 
as Austria. The import duties on many articles in this 
branch came up to the full market price in this country, 
so as to double the prices in Vienna, independently of 
freights, which, owing to the limited exchange of goods 
between the two countries were very high ; yet with all 
this amount of protection, and with the great natural 
facilities for the production of the finest iron and steel, 
no country ever so signally failed in developing its 
home industry and manufactures by a high protective 
tariff. The prices of railway materials, bar iron and 
steel, and of many kinds of machinery, are so high, that 
it 1s onlythe limited demand which prevents such articles 
from being agen to Austria from this country to 
any considera le extent. ‘Lhe prices of pig iron in 
Styria and Carinthia, up toa very recent p24 ranged 
between 6/. to 7/. per ton, delivered at: the blast-furnace, 
and common rails were not to be had under 144. to 15/. 
per ton at any of the Austrian rolling mills, while for 
the steel-headed rails the works in Moravia and Carin- 
thia were accustomed to charge from 18/. to 20/. per 
ton. Now, in order to keep out English competition, 
the protective duty on rails was maintained at 5/. per 
ton, which, with a freight averaging 3/. under very 
favourable circumstances, brought up the price of 
common Welsh rails to about the same mark, delivered 
m Austria, as the home produce commanded there. 





Even at the present moment the duty upon English 
iron rails in Austria is 3/. per ton, or fully 40 per cent. 
of their value in England, while on Bessemer steel or 
puddled steel rails the present duty is 5/. per ton, 
which is in about the same proportion to their original 
value. Railway tyres pay a duty of 5/. per ton, yet 
there is not a single rolling mill m Austria that could 
produce a weldless steel tyre,* and almost all the = 
quantities of that material consumed by the rolling 
stock of the railways in Austria is produced in Rhenish 
Prussia, by the establishments of Krupp,.the Bochum 
Company, and a few others of less importance. This 
strange circumstance is due to a commercial treaty 
concluded between Austria and the Zollverein some 
twelve years ago, by which the German States had an 
exemptional tariff in Austria, which allowed their pro- 
duce to be imported at considerably reduced figures. 
The Prussian iron works paid only about one-third of 
the duties imposed upon like English goods, and, having, 
besides this, the advantage of lower freights, entirely 
monopolised the Austrian market. 

The main condition of the Anglo-Austrian treaty of 
commerce is that there shall be in future no import 
duty exceeding 25 per cent. upon the original value of 
the articles lapented from England. This original value 
is to be determined by adding to the market price of 
the article in England the cost of freight to Austria, 
and a surplus of five per cent. is supposed to represent 
the agents’ profits. Taking, for instance, rails at 77. per 
ton, and estimating the freight to Trieste at 2/., the 
original value ell be accepted as 9/. 9s., and the 
highest duty that can be imposed by the new tariff is 
2/. 7s. 3d. per ton. Three years later a further reduc- 
tion to 20 per cent. of the original value is to take 
place. This, according to the spirit of the treaty, is 
to be the extreme limit ; but it is not to be supposed that 
duties which at present are lower than 25 per cent. 
should be raised to that extent. There is a commission 
now sitting in Vienna for working out a new tariff, 
and it is to be expected that the same views which in- 
duced the Austrian government to conclude the treaty 
will lead the commission in carrying it out. Under 
such conditions, and taking into consideration the vast 
system of railways about to be constructed in Austria 
within the next ten years, it is obvious that an extensive 
trade in railway material, and in other products of 
English iron works will be carried on with that country 
for the future. The articles most likely to be — 
exported are foundry pig iron, iron rails and common 
bar iron rails, and tyres of Bessemer steel, and boiler- 

lates. 
m In trading with a country so poor as Austria, it is 
obvious that it will be necessary to take goods in ex- 
change for the articles sent there, and it will surprise 
many of our readers to learn that the article which 
has the greatest probability of being imported to this 
country from Austria is iron. 

There are, in, fact, already the first specimens of 
Austrian pig iron in the hands of steel manufacturers 
in this country, intended to replace the Danemora pig 
iron in the production of the higher asm a steel. 
It has always been known that the charcoal iron pro- 
duced in Styria and Carinthia from the pure spathic 
ore of those provinces, is equal and sometimes even 
superior to the highest marks of Swedish pig iron for 
steel manufacture, only at the prices hitherto in 
Austria it was impossible to get Styrian iron in Sheffield 
under 10/. per ton. All this is changed at present. 
Austrian pig iron of the highest and most celebrated 
mark is now sold in Liverpool at prices below those 
which are paid for Danemora pigs. The demand for 

ig iron of a high quality in England is increasing day 
. day. The manufacture of Bessemer steel, as this 
important industry is situated at present, entirely de- 
pends upon the use of the purest and best kinds of pig 
iron. ‘The British hematite iron, although capable of 
producing very good Bessemer steel if alloyed with 
spiegel iron from Siegen, is not sufficiently good by itself 
for the manufacture of the higher qualities of that metal, 
such as are used for boiler-plates, crank-shafts, &e. ; 
and it is the general practice in steel works which lay 
great value upon the high quality of their produce, to mix 
a considerable proportion of charcoal pig iron with the 
hematite iron used for the Bessemer process. In this 
rapidly growing branch of English manufacture the 
Austrian pig iron will find an excellent and regular 
market, particularly since the increased traffic between 
the two countries will soon lower the freights, and the 
increased production of the Austrian blast furnaces, 
which will, follow the extension of the demand, will 
place the ironmasters upon a more advantageous and 





* The first rolling mill for the ‘ preerey of Bessemer steel tyres 
in Austria is now in course of erection in the steel works at 
Gratz, belonging to the Southern Railway Company. 








economical scale of manufacture, and lessen the prime 
cost of pig iron in Austria, and consequently its selling 
price when brought into this country. 

The store of the purest spathic iron ore in Austria 
is virtually inexhaustible, and the enormous forests of 
that country will supply a sufficiency of charcoal for 
centuries to come. Te is, therefore, more than pro- 
bable that England, which had begun to look out for 

ig iron in Canada, in Russia, and even in India, will 
find it an advantage to take a great part of its supply 
from Austria, in exchange for goods which will find an 
open market in a country that has been, up to the 
present, surrounded by impassable walls in the shape of 
a prohibitive tariff. 








ON THE STRENGTH OF RIVETTED 
JOINTS IN SHIPBUILDING. 

THE comparatively recent application of iron to 
shipbuilding, and the fact that the application has 
been directed almost exclusively by men whose ex- 
perience in their profession had been gained in the use 
of wood, will account for the want of principle and of 
uniformity of practice apparent in iron shipbuilding. 

It has not yet been settled whether the ribs of these 
floating structures shall cross from side to side like the 
timbers of a wooden ship, or shall run from end to end 
like the girders of a bridge; whether, for economy of 
material and labour considered jointly, the plating of 
the hull shall be in length and breadth large or small; 
whether the butts in the several strakes of plating 
should have one, two, three, or four plates between 
them; whether the plates should be united at their 
butts by single, double, treble, or quadruple rivetting; 
or whether the edges lapping over each other shall be 
united by one or two rows of rivets. 

The Great Eastern may be said to have. no transverse 
ribs, her transverse strength being obtained entirely 
from her bulkheads. Her plating is arranged so that 
the butts in alternate strakes are immediately over each 
other, and the outside plating of bottom is connected 
at the butts and at the edges by single rows of rivets 
This ship represents the matured views of her builder ; 
but the surveyors of Lloyd’s Committee, who practically 
direct the construction of our entire mercantile marine, 
do not recognise such a system of framing and fasten- 
ing. They direct that there shall be transverse ribs in 
every ship not more than 24in. apart; that all vessels 
shall have the horizontal joints of outside plating double 
rivetted from the keel to the height of upper part of 
bilges ; that vessels of 700 tons and above, intended for 
the highest grade, are to have all such joints double 
rivetted throughout the ship; and that all butt joints 
of outside plates shall be double rivetted in all vessels. 

The large iron ships of war, built by and for the Ad- 
miralty, have all horizontal joints double rivetted, in 
accordance with this rule, but with a variation in some 
of them from ordinary usage in the arrangement of these 
rivets, which are not zigzagged, but placed with the 
rivets in the back row immediately behind those in 
the front. The butts of the bottom plates have also 
been connected by treble rows of rivets in some of the 
latest constructions. In the Bellerophon, the butts 
of the outer bottom are treble rivetted throughout. 
Mr. Fairbairn, who is regarded by shipbuilders as 
the great authority in these matters, is not satisfied 
even with treble rivetting, and says that all butts 
and transverse joints should be united by four rows of 
rivets on each side of the joint. This diversity of 
practice certainly points to wide spread unsoundness 
of judgment in the application of iron to shipbuilding, 
and a closer acquaintance with the practice of ship- 
builders will show a still more remarkable want of 
engineering skill. 

in uniting plates, for example, designed to give 
longitudinal strength, it is no uncommon thing to find 
the plates 50 or even 100 per cent. stronger or weaker 
than the rivets or the straps by which they are united ; 
and we think we may stateconfidently that no systematic 
attempt is made by -shipbuilders to proportion the 
strength of plates, straps, and rivets. - One cause of this 
is, undoubtedly, the fact that the strains to which the 
several parts of such structures will be subjected cannot 
be estimated by the builders.: In this respect they are 
much less favourably placed than the civil engineer. 
He knows, as a rule, both the amount and the direc- 
tion of the greatest strains to which his constructions 
will be liable; he knows, also, what is their average 
amount ; and he can so proportion his material as to 
secure the requisite efficiency: in’ other words, he 
provides that the ultimate strength of the plates’ and 
angles in tension and compression, of the rivets in 
tension and against shearing, and of the bearing’ sur- 
faces of the plates around the rivets; shall be equal to 
four times the average working load. ' 
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There can be no doubt that although the shipbuilder 
is unable to ascertain the average work which his 
structure will have to perform, he may and ought to 
provide, no less carefully, that plates and angles, 
straps and rivets, are so proportioned that no part of 
the strength of any one of the elements of the structure 
should be thrown away. 

‘This consideration alone ought to be sufficient to in- 
duce men whose primary object is to economise material, 
and secure buoyancy, to give the most careful atten- 
tion to these points ; but there is a further considera- 
tion which we should like to impress on the minds of 
shipbuilders, because it shows that a great danger may 
result from mere excess of strength. 

We will illustrate this consideration by reference to 
a fact familiar to all mechanics—viz., that a bolt having 
a screw cut on the end to receive a nut will, if sub- 
jected to tension, break always at the first thread in 
the nut, and will break there from the effect of a sud- 
den jar much more readily than an unwounded bar of 
the area of the broken section. 

From recent experiments which have been made on 
such bars, in Chatham yard, by Mr. Barnaby, the 
following results have been obtained : 

1. That iron bolts, of good quality and of uniform 
diameter, subjected to a steadily increasing strain, 
elongate before breaking about one-fifth of their 
original length. : 

2. If the diameter is not uniform, but is decreased 
through a portion of the length, then the reduced part 
elongates about one-fifth of its length, before breaking, 
and the larger portion scarcely stretches at all. 

3. If this reduced part is very short, as in the 
thread of a screw, the strain required to break the 
bolt is the same per square inch of the unstretched 
section as in the previous cases, but there is scarcely 
any elongation before rupture. 

t. If the whole length of the bolt is made to the 
reduced diameter of the screw-thread, so that the 
thread projects from the bolt, the gradually applied 
breaking strain is the same as before; but as the bolt 
will stretch one-fifth of its length before breaking, it 
hecomes thereby less liable to rupture by a sudden 
blow. 

This reduced liability to rupture has received forcible 
illustration lately, in the suecess of screwed armour 
bolts prepared under the directions of Major Palliser, 
and employed in targets at Shoeburyness. These bolts, 
without india-rubber washers under the nuts, were 
found to stand as well under the blows of shot as the 
ordinary bolts having large washers under them. 

In order to enable us to understand the peculiarity 
of the phenomena, it is perhaps desirable to show in 
detail the results of some of the experiments referred 
to above. Four bolts were taken, all made of best 
selected scrap iron, for the purpose of the experiment, 
and all of the same diameter—viz., 2}in. Screw 
threads were cut on the ends of these, and nuts fitted. 
The other ends were formed with heads leaving a 
length of 21 in. between the heads and the nuts. The 
four bolts being thus as nearly alike in every respect 
as they could be made, two of them were reduced 
down on the anvil for a length of 44$in. in the middle 
of their length to a diameter of 14 1n., which was the 
same as that of the iron remaining within the screw 
threads, the other two bolts retained the full diameter 
throughout. They were broken in the hydraulic press, 
with the following results : 
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In these cases, although the elongation is so different, 
the breaking force is about the same, the mean strains 
for the reduced and for the unreduced bolts respectively 
being within 1} ton of each other. It is also worthy 
of note, in passing, that the cutting through of the 
skin of the'iron at the threads does not appear to have 
caused any injury to it; for it was stronger than at the 
reduced section, where the skin of the iron had been 
carefully preserved, or perhaps improved by the “swag- 
ing ” down. 











But the main point to be observed is that the in- 
creased amount of stretching before breaking does not 
represent any increased resistance tothe force required to 
destroy the cohesionof a givennumberof particles of iron. 
But it does this—it increases the distance through which 
the breaking force has to be applied in order to pro- 
duce rupture, and therefore increases the work to be 
done in producing rupture nearly in proportion to the 
recede elongation. 

Applying these principles to the combination of 
materials in any parts of a ship, girder, or other struc- 
ture subject to tension, we may fairly conclude that if, 
for example, the butt strap connecting two plates is 
weaker through its breaking-line of rivet hee then 
the plates are through their breaking-lines, and weaker 
also than the rivets connecting the two, then, on sub- 
jecting the combination or structure to any strain, 
neither the plates nor the rivets will stretch, but the 
whole of the extension will be thrown on the section 
of the strap through the breaking-line of holes, and 
the resistance to rupture by a sudden strain will be far 
less than it would be if the plates and rivets were 
weaker. 

In this view of the matter it would of course be 
most desirable to have stringers, and all plating which 
is put in tension, made of uniform eee throughout. 
This may be approximated to with care, but so long as 
the connexion is made by means of rivets, the approxi- 
mation can never be very close. One thing at least 
should be done, i.e., the breaking-lines of the plates 
and of the butt straps, and the size and number of the 
rivets, should be so proportioned as to make them all 
equally strong. 

In the paper read by Mr. Barnaby, Assistant Con- 
structor of the Navy, at the meeting of the Institution 
of Naval Architects on Thursday last, these considera- 
tions were pointed out with special reference to iron 
decks in ships, and the economical use of the material 
employed in them. 

He showed that, as thematerial was generally disposed 
at present, the plates were perforated in the lines of the 
beams, not only by the holes required for the rivets to 
attach the plating to the beams, but by the deck bolts 
which secure the wooden deck lying on the iron plating. 
He showed that from the loss of the iron punched out, 
and the weakening of that which remained, there was, 
on the whole, a reduction of between 30 and 40 per 
cent. from the original strength of the plates. These 
lines of weakness occur at intervals of about 3 ft. 6 in., 
and between them the plate has its full strength. The 
consequence of this is, he considers, that when the 
deck is put in tension, the stretching is confined to 
these weak places, and the amount of work which the 
whole combination is capable of doing before rupture 
is extremely limited. In order to remedy this state of 
things, he first removes:all the wooden deck fastening 
from the weak places, and puts it on either side of, and 
near, the beam. He also reduces the number of rivets 
usually employed for attaching the plating to the beams. 
By this means he obtains a strength of plating across 
the lines of holes of about three-fourths of the full 
strength of the plates. The next thing to be done is 
to reduce the strength of the plating between the 
beams to the same amount. This might be done 
by cutting holes in the plates; but, instead of this, 
Mr. Barnaby proposes to omit the butt straps, and 
to arrange the plates so that in each of these spaces 
there shall be a continuous series of butts and 
plates in the proportion of one butt for every three 
plates. He finds that not only may the butt strap be 
omitted, but an opening of about one-third the distance 
between the beams may be left between the butts of the 
plates, a short piece of edge strip being placed on the 
under side of the joint, from the butt to the beam, so 
as to get twice the shearing value of the rivets in these 
short distances, and thus obtain power equal to the 
strength of the perforated plate along the line of beam 
rivets. 

The advantages of the proposed system over the ordi- 
nary one are as follows : 

1. In the ordinary system, one-fifth or one-sixth of 
the iron is punched away ; by that proposed, only one- 
ninth or one-tenth is punched out. There is from this 
cause a gain in direct tensile strength, to which must 
be added an increase of strength in the iron between 
the holes. These are together equal to about 12 per 
cent. 

2. The strength of an iron deck under compression is 
limited, not by the area of section, but by its resistance 
to buckling between the beams. According to the 
ordinary mode, this is very small, since it is quite free 
to bend downwards between the beams ; but by spacing 
the deck fastening at intervals of 2 ft. instead of 
3 ft. 6in., the tendency to buckling would be reduced. 








The wooden deck would thus, both by its own direct 
resistance to compression and by the support it gives 
to the plates, play a most useful part in compression, 
although it is powerless as against extension when in 
connexion with iron. It may therefore be concluded 
that no loss of compressive strength is incurred by the 
proposed holes in the plates. 

3. All the holes for receiving the deck fastening may 
be punched, whereas, if the fastening is in the beam 
flanges, the holes for them must be drilled either in the 
plates or in the beams. 

4. The expense of cutting, fitting, punching, and 
rivetting butt straps is avoided. Where the material 
employed is steel, the gain is more considerable, as all 
the holes in the butts of the plates and in the straps 
have to be drilled, to retain anything like the full 
strength of the material. 

5. The weight of the material omitted at these 
butts amounts to one-seventh of the whole material 
employed. 

6. There is a gain in strength against injury and 
rupture by the action of sudden forces, the amount of 
which is not susceptible of calculation, but which, being 
in proportion to the extent of the spaces of uniform 
strength introduced, is very considerable. 

The applicability of these same principles to the 
bottom flanges of girders, &c., was referred to ; but the 
main object of the paper was to effect such an economy 
in iron decks, as might lead to their more general 
adoption, at least in a partial form. Mr. Barnab 
pointed out, that, although every one is familiar with 
the idea of an iron ship as a girder, a large number of 
iron ships had no top to the girder, or only a wooden 
one, while the bottom was immensely strong. 

Lloyd’s surveyors, he stated, insisted now on some 
sort of top, but it is only a medley of stringers and tie 
plates, some of them running fore and aft, and some 
across the ship; but they make no mention in their 
rules of iron decks, either complete or partial. 

It is to be hoped that, taking advantage of the 
economical principles we have here considered, we shall 
see a general attempt made to make a top to these 
floating girders, more nearly proportioned in strength 
to that of the bottoms. 








SUBMARINE TELEGRAPHS. 

Tue manufacture of submarine cables in this country 
appears at last to be taking the form of a steady and 
healthy business. We say at last, because, after the 
success of the first cables laid, the business offered 
every chance of a steady increase, but was unfor- 
tunately checked by the reckless manner in which the 
public entrusted their money to adventurers, company- 
mongers, and contractors, without any experienced 
telegraphic engineers to watch over the shareholders’ 
interest. Immense lengths of submarine telegraphs 
were schemed, and hasty contracts made for paying out 
slender cables, made to sell and not to last. A con- 
cession and a cable were. sold at high prices, and finally 
the shareholders were sold. Thus, we heard of some 
large submarine telegraphic company in its various 
stages from the puff as to certain permanance, if the 
cable could only be laid successfully, down to .its de- 
eline and death. Then a pause, during which the cable 
machinery remained inactive, and workmen were 
thrown out of employ, until time had been allowed for 
the public to recover their credulity, when some other 
large scheme was brought forward with renewed pro- 
mises and like success, and rose to fall as its prede- 
cessors, until at last these repeated failures caused the 
public to draw the purse-strings tight, and it was ln- 
possible to float a submarine telegraph company at all. 
‘The trade was spoilt. The hen that laid the golden 
eggs had been killed, or, at any rate, stunned. 

Then came the joint committee appointed by the 
Board of Trade and Atlantic Telegraph Company to 
inquire into submarine telegraphs, and the evidence 
then brought forward showed clearly how all the expe- 
rience gained on the first cables had been ignored on 
these larger schemes for the instruction of a few engi- 
neers, or for the benefit of adventurers and conces- 
sionnaires. 

The public having naturally lost all confidence, and 
condemned submarine telegraphs altogether, it seemed 
probable that all progress in this novel department of 
engineering would have been checked for many years, 
had not Government taken the matter up, and col- 
structed first the Malta and Alexandria telegraph, and 
afterwards the Persian Gulf cable. The first of these 
works exhibits in its seanty ungalvanised sheathing of 
unprotected wire a remnant of the old mismanagement. 
The Persian Gulf cable, protected with more —_ 
galvanised, and further protected with a serving © 
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hemp and pitch from oxidation, and with all the proper 
arrangements of staff, machinery, ship, and spare cable 
for repair and maintenance, bids fair to be a permanent 
and successful work ; and we hope that if the next 
Atlantic cable attempt should prove a failure, the public 
and the Government will have discrimination enough 
not to confound shoal-water submarine cables, which 
can be laid and safely maintained without any risk, 
with the more hazardous schemes for crossing the 
ocean. 

That the public, and foreign governments, as_ well 
as our own, do begin to see this difference, and that 
confidence in submarine telegraphs, when constructed 
under proper and honest management, is being gradually 
restored, is evinced by the number of moderate lengths 
of cable which have been of late constructed for various 
parts of the world. 

The following will show what has been done, or is 
doing, in one factory alone, namely, Mr. Henley’s at 
North Woolwich. 

On the 28rd, the ship Weymouth left Woolwich, 
and sails in a day or two for New Zealand, with 46 
miles of cable to be laid across Cook’s Strait. This 
cable has three conductors, insulated with gutta percha 
served with hemp in the usual way, and protected with 
twelve No. 1 galvanised iron wires covered with Bright 
and Clark’s patented serving and compound, and weighs 
10 tons to the nautical mile. Mr. Henley has con- 
tracted to lay this cable, and guarantees to keep it in 
perfect order for twelve months, and for this purpose 
he has sent out a staff under the charge of Mr. Dono- 
van, Who was engaged on the Persian Gulf cable. 
The cable is all in one iron tank, 48 ft. long, which is 
kept full of water, and is decked over. This cable is 
of substantial proportions, and we see no reason, if laid 
on a proper route, why it should not last for a con- 
siderable time. 

The ship Egmont, of 750 tons, has just finished load- 
ing with eable and machinery for crossing the sea near 
Behring’s Straits, on the line of the Western Union 
Telegraph Company of America. ‘This cable consists 
of 500 miles of cable, having a single-strand conductor 
insulated with gutta percha to No. 1 gauge,and protected 
with fourteen No. 12 galvanised iron wires, weighing 
altogether barely a ton and a half per nautical mile. 
There are also 25 miles of heavy shore ends, weighing 54 
tons per mile. Mr. Henley also sends out a break, 
constructed also for “ picking up,” and all other neces- 
sary machinery of buoys, &e. We fear, however, that 
the Americans are about to go through the same les- 
sons in submarine telegraph engineering as those that 
have been paid for so dearly in England. Evidently 
no engineer experienced in the maintenance of cables has 
been employed to advise in the matter, or such a light 
cable would not be used, and none has been engaged to 
superintend the laying of the cable. This operation is 
to be under the superintendence of Colonel Bulkley, of 
the United States Engineers, whose experience, gained 
in laying a few pieces of cable across some of the rivers 
in America, is deemed sufficient to enable him to un- 
dertake the laying of 500 miles of cable at sea. It is 
quite possible that, after a deal of bungling and mis- 
haps (of which we may never hear the details), the cable 
may be laid ; but, considering its scanty proportions and 
unprotected iron wires, if it lasts any longer than any 
other unprotected cable of about its weight we shall be 
astonished. If ever laid, we give it a year or two at 
the most. Mr. Henley is also making a cable for the 
River Plate Telegraph Company (a Seotch company 
for constructing a telegraph from Monte Video to 
Buenos Ayres). The cable is for crossing the River 
Plate. It has three conductors, each insulated to No. ] 
gauge with gutta percha, protected with fourteen No. 
§ galvanised iron wires. A coating of yarn covers this 
iron, and forms a bed for twelve strands, each composed 
of three No. 6 galvanised iron wire, which forms the final 
protection. ‘The weight is 15 tons per nautical mile, 
and the cable is 24 miles long. 

The plan of placing strands of iron wire round a wire 
covered in the ordinary manner was first suggested by 
Mr. G. Preece, to obviate the danger caused by.ships? 
anchors breaking and “rucking up” the large single-wire 
covering of the cable then in use by the Electrie and 
International Telegraph Company, from Zandvoort to 
Dunwich. The pattern was first actually adopted on 
the Lowestoft-Holland cable of that company. 

_Mr. Henley has also sheathed with iron wire 45 miles 
of wire insulated with india rubber by Mr. Hooper, of 
Mitcham. This core, which consists partly of vnlean- 
ised and partly of pure india rubber, separated by what 
Mr. Hooper in his patent calls the separator, forms one 
of o most promising features in submarine tele- 
grap 1). 
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dielectric thus produced are both higher than those of 
gutta percha, while the material will stand a much 
higher degree of heat than gutta percha without dete 
rioration. Gutta percha is soft at about 95° or 100- 
Fahrenheit, while Benadt india rubber is cured by 
steam at a pressure of about 30 Ib., or a temperature 
of 274° Fahrenheit. It is capable, therefore, of re- 
maining uninjured at temperatures at which gutta 
percha would become a mere fluid. This 45 miles of 
sable, constructed with Hooper’s core, consists of 
35 miles covered with twelve No. 6, and 10 miles 
covered with twelve No. 4 galvanised iron wires. Both 
patterns are further protected from rust by Bright and 
Clark’s patent, and the whole has been manufactured 
under the superintendence of Mr. Lat. Clark for the 
Indian Government, and is destined for crossing rivers 
in India, where the heat would effectually destroy 
gutta percha when left uncovered for any time in the 
sun. An experimental length of this core, sent out to 
India with the Persian Gulf cable, gave such favour- 
able results, that the Government have wisely deter- 
mined to extend this experiment by the trial of this 
45 miles; and we feel assured that, if fairly brought 
forward, we shall soon hear of success on still longer 
lengths with this material. 

A cable, 25 miles long, is about to be commenced by 
Mr. Henley for the Norwegian Government, for a very 
novel purpose. It appears that the Fins at times sud- 
denly cross the frontier, invading Norway, and carrying 
off the Norwegian deer; and the cable is for the 
purpose of telegraphing to the nearest military station 
for ie. 

Altogether, including several short pieces for the re- 
pairs of the submarine cables round England, and other 
works which we have not space to mention, Mr. 
Henley, since last November, has manufactured nearly 
one thousand miles of telegraph cable. 

It will be seen that amongst the works we have 
mentioned, although none are of great magnitude, there 
isa fair amount of work for one factory during the year, 
and that the manufacture of submarine cables promises 
to be at last a really steady trade. 








GASWORKS. 

A WELL-KNOWN gas engineer and contractor has 
lately issued a pamphlet, in which a certain amount 
and quality of professional information is blended with 
the recommendation and advertisement of his own 
patents. There is nothing, however, to complain of in 
this, for the author is very frank, and no one who reads 
him can remain ignorant that he writes with a regard 
to his own interest, supporting his case by such reason- 
ing as he can command. There is, indeed, a good deal of 
information given upon the general mode of setting and 
working retorts, and upon other apparatus employed 
in gasworks, which is disinterested and probably worthy 
of consideration. 

To show the importance of proper retort-setting, the 
cost of gas is first given as follows :—Of the whole cost, 
that of coal is 41 per cent., retorts 4 per cent., fuel 8 
per cent., labour 8 per cent., wear and tear of works 
4 per cent., purifying material 1 per cent., distribution 
expenses 4 per cent., maintenance of plant 2 per cent., 
directors and salaried officers 6 per cent., and interest 
on capital 22 per cent., the first five items, relating to 
the retorts and their working, forming 61 per cent: of 
the whole. ‘This apportionment of the cost of gas 
cannot, of course, apply generally, as some companies, 
with many fixed expenses equal to those of the London 
gasworks, obtain their coal at 5s. per ton. Indeed, the 
elements of cost are hardly alike m any two situations. 
But we will let the division pass without further ques- 
tion, recommending each gas engineer to compare with 
it his own cost of production in detail. 

There can be no doubt of what the author says, that, 
in order to heat retorts economically, they should 
occupy as little floor space as possible, because more or 
less Pat (the writer says, a “ vast quantity”) is con- 
ducted away by the ground. It appears that he once 
had occasion to make a drain 16 ft. under the floor of 
a retort-house, and 6 ft. in front of the retorts, and yet 
the water in the drain was kept warm by the retorts. 
Thorough drainage is important, especially where the 
works are near tidal water; but, so _ as the water 
is actually kept out, we believe that a bottom of con- 
crete, with a floor of firebricks over it, will prevent any 
great amount of conduction downwards. The author 
is for having as few openings as possible in the retort- 
house, at a lower level than a foot or two below the 
tops of the retort benches. He is “ satisfied that con- 
“ duction of heat into the earth, and radiation from 
“ the surface of the retort benches, have not received 
“the attention they require.” Possibly not. But 
every well-informed gas engineer is, we think, by this 





time aware, even if he do not actually apply this know- 
ledge in his own practice, that one of the most impor- 
tant means by which the former large consumption of 
coke has been economised has been in increasing the 
thickness of the brickwork about the retorts. here 
should be no heat on the top of a bench that would 
warp the leather of the shoes in standing upon it. The 
double-end or long retorts, of course, save heat by 
giving less surface for radiation in proportion to their 
capacity. 

The writer to whom we refer has a leaning to iron 
retorts when set so as to take the heat after it has 
passed over one or more clay retorts. He will have it 
that the latter require more coke for heating them in 
proportion to the coal carbonised. That they take 
more time and more fuel in first getting up the heat 
there is no doubt; but no evidence is given, nor do we 
think any could be produced, to show that the 
continuous heating of clay retorts requires more coke 
than that of iron retorts. Small country works may 
prefer iron because clay retorts require an exhauster, 
which, especially with an engine, adds to the expense. 
But we have enough experience now to show that the 
increased cost of working iron retorts, say, for two or 
three years, would, if capitalised, more than pay for an 
engine and exhauster. 

Among other arrangements shown, is a setting of 
three arches of retorts, with six clay retorts in each of the 
two outer arches, and two clay and six cast-iron retorts 
in the middle arch. Only the outer arches have 
furnaces, the middle arch receiving its heat from each 
side, being the heat which has already passed over the 
clay retorts. It appears that this mode of setting was 
adopted, some years ago, at Clonmel, in Ireland, there 
being there three arches of six retorts each, the whole 
being heated by one coke and one tar fire. In car- 
bonising 1537 tons of coal, and making the same 
number of chaldrons of coke, 1276 chaldrons of 
coke were sold, and 261 were burnt. ‘There were 
also burnt 13,922 gallons of tar, and taking this at 1d. 
per gallon, and taking coke at 12s., this would be 
equal to 96 chaldrons of coke; so that the whole 
quantity of fuel burnt was equal to 357 chaldrons, or 
234 per cent. of that made. The works had previously 
burnt more than twice this proportionate quantity. 
But we believe that some of the London companies, 
using clay retorts exclusively, have done their work 
with as little as 18 per cent. of the coke made. The 
Phenix we believe to be one of these. So fully has 
the oueny of clay retorts been settled, that hardly 
anything is left for discussion. 








THE INSTITUTION OF NAVAL ARCHITECTS. 
On the morning meeting of the Institution on Friday, 
March 23rd, Mr. E. J. Reed, the Chief Constructor of the Navy, 
read a paper, of which the following is an abstract: ‘ On some 
recent Cases of apparent Negative Slip in Screw Propellers.” 

In the recent trials of several vessels belonging to the Royal 
Navy, certain instances of what is known as negative slip had 
occurred under circumstances which gave interest and value to 
them as examples of a phenomenon of much scientific interest. 

Before adverting to shen in detail, it was mentioned that in- 
stances of this nature were not by any means of recent occur- 
rence alone. In 1849 H.M.S. Archer steamed on the Thames 
at a speed somewhat in excess of the advancing velocity of her 
screw due toits rotary motion, the rate of the screw’s advance 
being 5.431 knots, while that of the ship was6.891 knots. Two 
days later, when the screw’s rate of advance was increased to 
5.582 knots, the ship’s speed fell off to 6.151 knots, the screw 
having in the mean time been reduced in diameter from 12 ft. 6 in. 
to1lft.7in. In 1849 the Arrogant, steam frigate, ran the 
measured mile in Stoke's Bay at a speed of 8.295 knots, when 
the screw’s rate of advance was 8.211 knots. In 1860 the gun 
vessel Cygnet steamed at Stoke’s Bay at a speed of 10.827 knots, 
when her screw was advancing at the rate of 10.771 knots. 
II.M. sloop Flying Fish, on one occasion, in 1856, attained a 
speed of 9.731 knots, when her screw advanced at a rate of 
9.174 knots only. The line-of-battle ship Hannibal on one oc- 
casion steamed at 8.6 knots, with her screw going at the rate of 
barely 8 knots. In 1853 the Miranda steamed 104 knots, with 
a rate of screw’s advance of less than 10 knots. The Plumper 
on many occasions gave an —— negative slip on the 
measured mile, the amount of it being as high as 18.43 per cent. 
on one occasion. The Simoom on one occasion steamed 8.747 
knots, with a speed of screw of 8.545 knots. 

It might be interesting and valuable to place on record at this 
point the diameters, pitches, and revolutions of the screws on 
these occasions. ‘They were: 


























Pa Diameter of ; Pitch of No, of 
Ship's Wome. Screw. | Screw. Revolutions. 
| 
Soe ft. in. 
Archer 2.00 .ccc0 12 6 7 9 71 
” 11.2 7 9 78 
Arrogant ....+.00 15 6 |} 16 0 55.5 
CYQZnet seocresereee 9 0 | 10 6 104 
Flying Fish . 13 14 | 15 0 62 
Hannibal .... 17 0 | 12 6 64.87 
Miranda ..... 12 0 ll 6h mop 
Plumper .......+ 8 9 | 4 136. 
Sanson csccccecceee] 16 iif | 16 6 52.5 
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During the last year or two a novel form of screw, having 
four blades, each formed with two distinct pitches, had been 
introduced, having previously been used satisfactorily in the 
French navy. On the 28th of April, 1864, a screw of this 
description, 24 ft. 6 in. in diameter, was tried in the Achilles, set 
at a mean pitch of 29ft. 7in., the forward half of the blade 
having a pitch of 27ft. 11 in., and the following half a pitch of 31ft. 
Zin. The revolutions at full power were 46.667, and at half 

wer 87.5, giving a mean speed of screw of 13.624 knots in the 
‘ormer case, and of 10.947 knots in the latter, the corresponding 
speeds of the ship being 14.358 knots and 11.879 knots. In 
other words, at full power the ship’s speed exceeds that of the 
screw by about jths of a knot, and at half power by nearly a 
knot. In December of the same year, and again in March of 
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Four-bladed screw, 15 ft. in diameter. 


No. 1 blade. | No. 2 blade. 











of 14.161 knots, the ship’s speed being 15.433 knots, thus ex~ 
ceeding the speed of the screw to the same extent as the Bellero- 
phon, viz., 14 knot. In November, 1855, the Lord Clyde was 
tried, with a like form of screw, 23 ft. in diameter, set to a pitch 
of 22 ft.6in. She made 56% revolutions, giving an advance of 
screw of 12.513 knots, and a speed of ship of 13.534 knots—a 
difference of a little more than a knot. The same ship was tried 
again last month, with the pitch reduced to 21 ft., the engines 
making 58 revolutions, giving a speed of screw of 12.020 knots, 
and a speed of ship of 13.312 knots, the difference being in this 
case more than a knot and a quarter. 

Mr. Reed next cited the case of the Amazon, a wooden sloop 
of about 1000 tons, which was also fitted with a similar screw in 
the first instance, and with which some curious and interesting 
results were obtained. Her 
four-bladed screw was of 
15 ft. diameter, and set in 
the first instance to a mean 
pitch of 15 ft. Yin. The 
diagram shows the measure- 
ments. ‘They were taken at 
three points on each half 
blade, the mean of the three 
measurements being the first 
mean. A mean of these 
means was then taken for the 
two halves of each separate 
blade, and thus a mean pitch 
for each blade is obtained. 
The mean of all these pitches 
for the four blades was lastly 
taken, and this was what 
was meant by the mean 

itch of the entire screw. 
n the case of the Amazon 
and of the other vessels 
mentioned, these measure- 
ments were taken with the 
greatest possible care by an 
officer sent from the Steam 
Branch of the Controller of 
the Navy’s Offices on this 
special duty. On the first 
trial the Amazon’s engines 
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Griffith's Screw, 15 ft. 0} in. in diameter and 2 ft. 6} in. 
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the following year, further trials of the same screw set at 
different pitehes were made, and gave similar results, The 
following is a summary of them: 
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It would be observed that in the fifth trial the speed of the 
ship and of the following half of the screw was precisely alike 
(to the second place of decimals), while in the second, fourth, 
sixth, and seventh trials the speed of the ship actually exceeded 
that ot the following half of the blade. 

A similar screw was fitted to the Minotaur, and on trying her 
in September of last year it was found that with a rate of screw 
of 14} knots, the speed of the ship was 14} knots; the diame- 
ter of the screw being 24 ft., the mean pitch 26 ft. 2 in., and the 
revolutions 574. A few days later, in tue same month, the 
Bellerophon was taken to the Nore for a preliminary trial of her 
engines, and gave, with a similar screw, 23 ft. 6 in. in diameter, 
a still more extraordinary result; for with 57.83 revolutions, 
and a mean pitch of 21 ft. 8tin., giving a speed of screw of 
12.387 knots only, the ship advanced at the speed of 13.645 knots, 
thus overrunning the screw, so to speak, to the extent of 1} knot 
per hour. In the following month the Agincourt was tried, with 


a double pitched four bladed screw of 24 ft. 6 in. in diameter, set 
to a pitch of 24ft. This screw was turned through 55# revolu- 
tions per minute, giving a rate of advance of 13.161 knots per 
hour, the ship's speed being 13.879 knots, or nearly three-fourths 
of a knot in excess. The same ship was tried again in Decem- 
ber, with the same screw, set to a slightly reduced pitch, viz., 
23 ft. 4in., which, with 614 revolutions, gave a rate of advance 


long on the line of keel: would find this very re- 


markable result, viz. that, 


No. 2 Blade. although the speed of the 


ft. Qin. | 14 ft. 1} in. screw decreased nearly half 
o Me 138, Bw a knot, that of the ship in- 
eo Sw 13 ,, 32 ,, creased by fully that amount. 
» aa 13 ,, 8f As the speed ot both screw 


13 ft. 9, in, 


and ship were still un- 
satisfactory, a  two-bladed 
Griffith’s screw was fitted, and set to a pitch of 15 ft., being also 
of that diameter. With this screw the revolutions rose to 88? 
and the speed of the ship to 12.171, that of the screw being 
13.125, thus giving nearly a knot of positive slip. As the 
engines were, however, still below their designed number of re- 
volutions, the pitch of the new screw was reduced to 13 ft. 9,'; in. 
(the pitch measurements being shown on the second diagram), 
at which pitch the revolutions were 944, the speed of the screw 
12.804, and that of the ship 12.396, the slip still remaining 
positive, but not amounting to half a knot. 

In the cases of the Bellerophon, Pallas, and Amazon, it was 
feared that the use of the new or French screw, which had an- 
swered extremely well in previous ships, was attended by some 
anxiety and inconvenience to the makers of the engines no less 
than to the Admiralty and to Mr. Reed, because in all these 
4 engines had been fitted to work expansively and at very 
high speed for the sake of economising fuel; and it was found 
that the new screw was very much averse to those conditions 
and acted as a drag upon the engines. In the case of the Belle- 
rophon, the indicated power was singularly deficient upon the 
first trial from this cause ; but the engines of that ship had since 
accomplished an excellent performance, which they were quite 
| capable, no doubt, of maintaining, and which had enhanced even 
| the great reputation of Messrs. Penn and Son. In the case of 

the Pallas, Mr. Humphrys, who was the first to encounter the 
opposition of the new screw, so to speak, and who consequently 

had to furnish experience to those who followed, succeeded in 
| developing a very near approach to his full indicated power in the 
first instance, and would, it was believed, surpass it now that the 
ship was fitted with a suitable screw. In the Amazon, also, 
Messrs. Ravenhill had found the great advantage of the two- 
bladed Griffith’s set at a low pitch. 

The question now arose, in what manner were we to account 
for the many examples of apparent negative slip with screw 
steamers. Let us first see what was meant by slip. Let us 
suppose a screw ship to be dragged through the water by some 
wholly external force, or let her be propelled by sails. It would 
be obvious that if the screw be held at rest relatively to the 
ship, or, in other words, was not allowed to turn round, the water 
would press upon the fore side of the screw blades, as the ship 
advanced, with a pressure due to her speed. If, while the ship 
continued to move, the screw was now turned slowly ahead, the 
pressure on its fore side would be diminished proportionately. 
And, according to the popular view, we might say that by in- 
creasiug the revolutions of the screw we might go on diminishing 











the pressure until it was got rid of altogether, and that this 
would be the case when the speed of the screw in advance was 
equal to the speed of the ship. There would then be no 
pressure whatever on either side of the screw, supposing the 
water to remain at rest. If we now desired to abandon the 
external force, and propel the ship at a uniform speed by means 
of the screw, the screw must obviously be driven faster, and 
thus press upon the water behind it, until the momentum which 
it impresses upon that water astern is equal to the whole 
momentum which the ship impresses upon the water in the 
forward direction. It was this extra speed of the screw in the 
backward direction that was know as s/ip, or, in other words, 
the difference between the ship’s speed forward and the screw’s 
speed backward. 

In his great work on ‘‘ The Modern System of Naval Archi- 
tecture,” a copy of which the author had so handsomely pre~ 
sented to the institution, Mr. Scott Russell says, “ It is im= 
“ portant never to lose sight of the fact that the slip of the 
“ propeller backwards and the slip of the ship forwards, are boti 
“equally work done by the propelling power of the steam 
“ engine; that these two take place with equal force in opposite 
“ directions; that the slip of the propeller 1s the price paid for 
“ the progress of the ship,” &c. Mr. Reed quoted these words 
because they evidently pointed the true idea of slip, although he 
thought that the word “slip” itself was used somewhat unfor- 
tunately in the first clause of the sentence. We could not 
‘* speak of the slip of the ship forwards,” if we used the word in 
its technical sense ; nor could we equate the motion of the ship 
forward with the “slip of the screw backwards,” using the word 
in that.sense. Mr. Reed fancied the phrase must be a slip of the 
author’s pen. The chapter from which it was taken was, how- 
ever, an exceedingly interesting and valuable one, and Mr. Reed 
entirely concurred with the author when he says, ‘* Many clever 
** men have fancied they could invent a page Became without 
“ slip, a screw without slip, propellers of a thousand shapes 
“ without slip; and others, less sanguine, have been satisfied 
“ that their propellers would save 10 per cent., and 20 per cent., 
“ and 33 per cent., and 66 per cent., and some 90 per cent. of 
“slip. But all these are only so many per centages of folly. 
“ Slip is the purchase of resistance, the measure of resistance. 
“ With no slip there would be no propelling.” In another place he 
says, “ No slip is nonsense.” What, then, it will be asked, must 
negative slip be? 

One of the common modes of accounting for apparent negative 
slip was that of assuming that the propeller blades bend and 
alter their pitch, and that the slip was really always positive. 
Mr. Reed dismissed this explanation, however, as wholly insuffi- 
cient to account for all the diversified examples he had adduced, 
as special pains were taken in most of them to make the blades 
abundantly strong. The other mode was that of assuming the 
existence of a following current. This view of the matter was 
well put forward many years ago by Mr, Rawson and by others, 
and had recently been clearly and elegantly stated in the work 
from which Mr. Reed had just quoted, and in which Mr. Scott 
Russell not only explained the undoubted existence of a column 
of following water in the wake of the ship, but showed that there 
must also be layers of water dragged forward by virtue of the 
adhesion of the water to the skin, and that a screw placed in the 
dead wood of the ship must, in the act of propelling, sweep 
through a part, if not the whole, of the layers of water thus set 
in forward motion by the ship. Mr. Scott Russell says: “* My 
“ attention was first called to the important part which this 
“ phenomenon might play on the slip and propelling power of 
“* the screw by Mr. Fronde. On explaining to him the phenomena 
“ of skin resistance, which I had observed, he suggested, that if 
‘* we could conceive a perfect screw to take the entire moving 
“ force out of the water sticking to the skin, we should be able 
“ to get back again the whole force we had lost; and there can 
“ be no doubt we actually do get back a considerable part of it. 
“(he two great elements, therefore, of diminished slip and 
*- aegative slip are the following stream of the wake and the 
“ Jayer adhering to the skin.” 

Mr. Reed was willing to admit that the phenomena here men- 
tioned were well worthy of consideration, but it appeared to him 
inconsistent with what we know of mechanies to suppose, even 
for a moment, that the presence of these two combived columns of 
water, following in the wake of the slip, could account for the large 
amounts of,apparent negative slip under notice, or indeed account 
at all for the phenomenon of negative slip. If we could suppose 
the whole of the water which was set in forward motion by the 
ship, however and wherever that motion was communicated to 
it, to be gathered, as suggested by Mr. Russell, into the follow- 
ing stream, and then supposed the propeller to act so as exactly 
to stop this stream and reduce the velocity of its every particle 
to nothing, then, indeed, the ship would be propelled without slip 
of propeller. Such a propeller would be perfect in its economy. 
But even in this case negative slip would be impossible. 

We might divide the teowesll momentum impressed by the 
moving vessel upon the water round her into two parts: Ist 
the momentum generated in the water which she drives before 
her; and, 2nd, the momentum generated in the water which 
follows her. ‘The whole resistance to the ship’s motion was 
measured by the sum of these two. Now if we supposed the 
screw to work in the following stream with negative slip, it 
could only act on part of that stream, and could only destroy 
part of its velocity. The momentum communicated to the 
water which followed the ship must, therefore, be less than the 
forward momentum which the water would have constantly 
communicated to it if the ship were propelled by sails. But the 
resistance of the ship was measured by the whole momentum, 
which was being continually supplied to the following stream, 
added to the momentum generated at the bows. The reaction 
on the screw, therefore, when the slip was negative, supposing 
it to act in partly stopping the water which was following the 
ship, must of necessity be less than the resistance opposed to the 
vessel's motion. 

Or, viewing the question dynamically, suppose the ship to go 
V knots and to be of such a form that if she were propelled by 
Sails at that rate a stream of water would follow in her wake 
with a resultant forward velocity of Y knots. Imagine a screw 
to work in this stream going at the rate of U knots with regard 
to the ship. What would be the dynamical result? This—that 
all the water affected by the motion of the ship would havea 
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THE WARRIOR, MINOTAUR, BELLEROPHON, LORD WARDEN, AND HERCULES TARGETS, 
(Referred to in Mr, Reed’s Paper, published in our last Number.) 
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A. The Hercules Target. Armour plates, 8 in. and 9 in. thick; wood backing, 12 in. thick. ’ 
B. The Minotaur Target. Frames, 10 in. deep; side wey fin. thick; timber backing, 9 in. ; and armonr plating, 5} in. thick. 
Cc ates, 3% in.; external longitudinal stringer, 10 in. deep; wood i 


}. The Warrior Target. Frames, 10 in. deep; side p 
armour plating, 4} in. 


=o 


. The Lord Warden Target. Wood backing: inner strakes, 12} in., outer strakes, 10 in. thick ; armour P 
. The Bellerophon Target. Frames, 10 in. deep ; side plates, double, each 3 in.; longitudinal stringers, 10 in. deep by 4 in. thick; wood backing, 10 in.; armour plating, 6 in. thick. 








lating, 43 in. 


g (East India teak), inner strakes, 10 in., outer strakes, 8 in. thick ; 





forward momentum even after the action of the screw had taken 


place. The unbalanced resistance acting to retard the motion of 


the —' would consist of : 
‘The momentum impressed upon the water at the bows; 
2. The momentum of the part of the stern stream not affected 
by the screw at V knots; 
. . The momentum of the remainder of stern stream at (V—U) 
Kno 85 
and we had really nothing whatever to put upon the opposite 
side as the cause or equivalent of these ! . a — 
Mr. Reed’s impression was, after giving much consideration to 
the subject, that the cause of negative slip must be further 
Sought in quite another direction, and that it was really to be 
found in the elasticity of the fluid combined with the following 
sm, It was Mr. Reed's friend and assistant, Mr. Cross- 
and, who first suggested this theory to him, and one’s observa- 








tion and experience furnished many corroborations of the view. 
It was impossible to pour water from one vessel into another, or 
to watch the rain pattering upon the pavement, or to see a stone 
splash in a pond, or a shot ricochet from the sea’s surface, 
without observing the great elasticity of water. But probably 
the most impressive and 4 illustration might be found 
in the hurrying wave that hastens off from the bow of a bluff- 
formed ship steaming at a high speed, and which is composed of 
water driven off the bow by virtue of its elasticity. This was a 
clear case of elasticity resulting in augmented velocity, and it 
was scarcely possible to reflect upon it without believing that an 
analogous effect might most reasonably be expected to result 
from the continuous action of the screw blades upon the water. 
In fact, when the screw was imperfectly imm we often saw 
the very phenomenon in question itself, and observed the water 
bounding from the screw with a velocity much greater than that 





which the screw itself . This was, Mr. Reed believed, 
the true cause of negative slip. 

Mr. Frederick K. Barnes, Assistant Constructor of the Navy, 
and Member of Council, then read a paper, of which the follow- 
ing is an abstract: ‘ On the Position of the Centres of Gravity of 
three of the ironclad iron Ships in Her Majesty’s Navy.” 

The method of ascertaining, by experiment, the position in a 
vertical direction of the centre of gravity ofa ship had already been 
fully described and discussed at the meetings of the institution. 
Admiral Robinson, the Controller of the Navy, feeling a 
the necessity of obtaining some practical solution of the difficult 
question, the rolling of ships, had, among other steps taken by 
him for this purpose, obtained the sanction of the Board of 
Admiralty to continue, as opportunities might offer, the experi- 
ments commenced by Mr. , Chief Constructor of the Navy, 
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for obtaining the positions of the centres of gravity of our iron- 
clad fleet, 

The account of the experiments made by Mr. Reed on the 
Prince Consort and Research was recorded in the Transactions 
of the institution for the year 1864. 

An account of the experiment on the Achilles, conducted by 
Mr. Barnaby, was contained in the volume of the Transactions 
for last year. 

The results contained in the present paper related to the 
Valiant, Minotaur, and Warrior, and, along with those already 
recorded in the Transactions of the institution, would furnish the 
exact stability of six of the ironclad ships of our navy, and, with 
slight moditications only, the information was applicable to no 
less than eleven ironclad ships. 

All the ships experimented upon were more or less incomplete. 
The Valiant was the most complete of the three, and the 
Warrior the least. In all cases, however, the hulls were com- 
plete, the masts in place, and the ships rigged. The weights 
remaining to go on board were of that character that, with 
ordinary care, the weights themselves and the positions of their 
centres of gravity could be obtained sufficiently near for all 
practical purposes to insure the position of the centre of gravity 
of the ship when fully equipped, as calculated from the data 
furnished by the experiment, being exceedingly close to that of 
the actual centre of gravity. 


VALIANT. 

The Valiant was inclined in the steam basin, at Portsmouth, 
on Friday, 28th Jaly, 1865. 

Wind.—Slight breeze blowing in the direction of the fore-and- 
aft axis of the ship. 

The ship had bee masts and topmasts on end, was rigged 
completely, had lower yards in place, gaffs in place, topsail 
yards on the caps, top gallant mast struck, one top gallant yard 
was lashed up the lower rigging, and the other against inside 
berthing above upper deck, spare spars on deck, spare screw 
on — deck forward (weight 35 tons), anchors stowed, chain 
in lockers and gangers in place, guns run out on main and 
upper decks, shot stowed round hatchways, not any in lockers, 
boom boats stowed, the other boats not on board, sails not on 
board, bowsprit in place, and jibboom run in. 

Ballast for experiment.— 100 tons of iron pig ballast was placed 
on the upper deck, 50 tons on each side; stowed from the fore 
side of the after capstan to the fore side of the funnel. 

Men on board during experiment.—60 labourers to move the 
ballast, &c., and 47 artificers at various parts of the ship, also 
11 men of the ship’s company. 

Coals on board during experiment.—Coals in fore bunkers 
stowed up to deck, in atter bunkers up to deck nearly in one 
corner; total weight, about 120 tons. 

Draught of water during experiment—Forward 22 ft. 7} in. 

« Aft 24 ft. 92 in. 

" Mean 23 ft. 84 in. 
Displacement 6019.6 tons. 
In the first experiment, the ship was inclined by moving 50 

tons of ballast through 39 ft. 6 in. from starboard to port, which 

gave an iuclination in 25 ft. of 254in. by fore plumb, and 

25} in. by after one. The ship plumbed well, when the ballast 

was restored to its original position. 

In the second experiment, the ship was inclined by moving 
50 tons of ballast through 39 ft. 6 in. from the port side to star- 
board. Inclination in 25 ft. was 25} in. by fore plumb, 25 in 
by after one. R 

Taking the mean of the inclinations as taken from the two 
plumbs in each experiment, and making use of the formula 
which has been adopted by Mr, Reed, Mr. Barnaby, and Mr. 
Barnes in former papers in the Transactions of the institution, we 
have G M, or the distance of the centre of gravity of the ship 
below the Metacentre 


” ” ” 


” ” ” ’ 


Pe 
=W. tan 0 
50 x 39.5 
GOL9.6 x (254 + 25% + 247 + 25) 
4x 25 X12 
or G M = 3.917 ft. 

The ship, as was before stated, was not completely equipped 
at the time of the experiment, and also had ballast, &c., on board, 
which had to be removed. On making the necessary detailed 
calculations, it was found that, when completely equipped for 
sea, the condition of the Valiant would be as follows:— 


Mean draught of water eee occ eee 25 ft. 
Displacement in tons eve ove eee 6487 
Centre of buoyancy below low water line ... 9.94 
Metacentre above centre of buoyancy ove 12.66 
Centre of gravity of ship below low water 

line ese eee ese eee eve 1.89 
Centre of gravity below metacentre ove 4.61 


Relative stability or displacement multiplied 
by the distance between metacentre and 


centre of gravity ose ove ove 29905 
Moment of sails about the centre of lateral 

resistance ove eee ose one 176,7645 
Comparative stiffness under canvas or mo- 

ment of stability divided by the moment 

of sail... soe eee coe one 01692 


MINOTAUR. 

The Minotaur was inclined in the stean basin at Portsmouth 
on the 29th of August. The wind was blowing rather fresh ; 
but to avoid any bad result in the experiments, the ship was 
placed with her fore and aft axis in the direction of the wind. 

The ship was completely fitted and rigged, had topgallant 

masts, lower yards, cap-topsail yards and gaffs in place, topsail 
— just above caps. No sails bent, not any on board, 
‘unnels down. Screw propeller in place; but the spare blade 
not on board. Bower anchors catted, but not fished. Sheet 
anchors stowed, Two launches, a pinnace, and spare spars 
stowed on deck. No water in boilers. Ship perfectly dry. No 
water tanks nor provisions of any kind on board; 69 ‘tons of 
coals in the lower part of the bunkers. 

For the purpose of inclining the ship, 120 tons of iron pig 
ballast was placed on the upper deck, 60 tons on each side, 





stowed from the fore side of the after capstan to about 6 ft. 
before the centre of the second mast. 

There were also 82 labourers on the upper deck for moving 
the ballast, 66 artificers employed in various parts of the ship, 
and 20 of the ship’s company on board. 

In this condition the draught of water was: 


ft. in. 
Forward oan en we coe 22 5h 
Aft one eco ene ese aw 2 6 
Mean... on wi Ee ae 


Corresponding displacement ... 8578.5 tons. 

In first experiment the ship was inclined by removing 56 tons 
of ballast from the starboard to the port side of the ship through 
a distance of 45ft., thereby producing an inclination at both 
plumb boards of 37{ in. in 25 ft. . 

The ballast was again restored to its original position, when it 
was found that the plumb-line was nearly } inch to the starboard 
side of the original mark. 

In the second experiment, the inclination was produced by 
moving 56 tons ot ballast from the port side to the starboard side. 
The inclination in 25 ft. was found to be 39 in., measuring from 
the original upright mark. 

Making use of the usual formulae for finding the distance of 
the centre of gravity of the ship below the metacentre, we have: 


Pxe 
W tan 0 
56x 45 


G M= 


For the second experiment we have: 
56x 45 
G M=Sx® 


oY 
3578.5 > a 
8078.0 X 12x 2 
= 2.259 
The mean of these results will give G M=2.293 ft. 
The other usual particulars respecting the centre of gravity, 
&c., are as follows: 


Centre of buoyancy below water line we 9,807 
Metacentre above centre of buoyancy ee 14.090 
Centre of gravity above water line ... oe —:2,490 


On making the necessary calculations from the above data for 
ascertaining the condition of the ship when she was completely 
equipped for sea in every respect, the following results were ob- 
tained, viz. ; 


ft. in. 
Mean draught of water... tas acs 26 5% 
Displacement eve eee an eve 10,311 
Centre of buoyancy below load water line 10,732 
Metecentre above centre of buoyancy... 12.612 
Centre of gravity below load water line ... 1.999 
Centre of gravity below metacentre oe 3.879 
Relative stability or displacement multiplied 
into the distance between metacentre and 
centre of gravity coe ase dae 39,996 
Moment of the sail about the centre of 
lateral resistance oe wes ee» 2,980,126 
Comparative stiffness under canvas, or 
moment of stability divided by the 
moment of the sail eve eae eos 01322 


WARRIOR. 

The Warrior was inclined in the steam basin, at Portsmouth, 
on the 5th January, 1866. There was scarcely any wind, and 
the water in the basin was perfectly smooth. 

The ship, in this case, had just come out of dry dock, and had 
undergone a thorough overhaul. She was complete in her 
fittings, except pivots and raidus plates for new main-deck 
guns (the estimated weight of these fittings is 5 tons); engines 
and boilers complete, except the funnels, which were not on 
board, and 34 tons of gear connected with shafting, which was 
stowed temporarily on the main deck. 

The ship had standing rigging fitted, and was rattled down, 
no running rigging on board, topgallant and royal yards hung 
up in lower rigging, spare topmast on deck, all gaffs in place, 
no boom on board, topsail and lower yards not on board, screw 
propeller and frame not on board, the spare blade was stowed, 
one bower anchor only on board, was stowed in place, no boats 
on board, one bower cable only on board; half of it on the main 
deck and the other half in the locker, not any provisions, stores, 
water, guns, or coals on board. 

Men on board at the time of the experiment—89 labourers on 
the upper deck, for the removal of the ballast, and 78 artificers 
at work in all parts of the ship. 

One hundred and twenty tous of iron pig ballast on the upper 
_ amidships, for parpose of producing the necessary inclina- 

ion. 

In the above condition the draught of water was: 


ft. in. 
Forward ain = sii a maz 
Att one ose es ee 22 113 
Mean ... oe 22 OF 


The corresponding displacement ... 6954 tons, 

In the first experiment, the ship was inclined by moving 
60 tons of ballast from the starboard to the port side, through a 
distance of 42 ft., thereby producing an inclination of the ship in 
25 ft. of 243 in. 

On restoring the ballast to its original position, the ship was 
found to plumb well. 

In the second experiment the ship was inclined by moving 
60 tons of ballast from the port to the starboard side, thereby 
producing an inclination in 20 ft. of 24} in. 

Making use of the usual form, we find that the centre of 
gravity of the ship, at the time of the experiment, below the 


, »*<e 60x 42 
corresponding metacentre or G M= : —€ x , 
W. tan. @ 6904x245 
25x 12 


: = 4.449 ft. 
taking the mean deflection of the plumb line from the upright 
in 20 it. 





The other usual particulars respecting the ship at the time of 
the experiment were as follows, viz. : 


Centre of buoyancy below water line 
Metacentre above centre of buoyancy 
Centre of gravity above water line oe =. 88 
Performing the necessary detailed calculations, and making 
use of the above data, it is found that when the ship is complete 
in every respect for sea with, her new armament, the following 
particulars will hold, viz. : 
Mean draught of water ‘ ie 
Displacement eee eee 
Centre of buoyancy below low water line 
Metacentre above the centre of buoyancy 
Centre of gravity below low water line ... 
Do. below metacentre ove eee 
Relative stability or displacement multi- 
plied by the distance between the meta- 








centre and centre of gravity a 42,265 
Moment of sail about the centre of lateral 
resistances. “ 267,203 


Comparative stiffness under canvas, or 
moment of stability divided by the mo- 
ment of the sail ese ose 01582 
Collecting all the results obtained by Mr. Reed, Mr. Barnaby, 
and Mr. Barnes, in one table, a glance at it would be sufficient to 
show the great variation in the stability in the several classes of 
ironclads in her Majesty’s service upon which experiments had 
been made. For convenience in comparing the results from the 
three ships, Mr. Barnes had collected them in 4 single table, 
with a few additional particulars to these results, and to the 
same for the ironclad ships Prince Consort, Research, and 
Achilles. 
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In the absence of Professor Rankine, the Secretary read his 
paper “On Finding the most Economical Rates of Expansion in 
Steam Engines.” In April, 1851, the author read to the Royal 
Society of Edinburgh a paper containing the solution of the 
following problem: “ Given, ina steam engine, the ratio of back- 
pressure to absolute initial pressure, and the ratiolof the expense 
which varies with the capacity of the cylinder to the expense 
which varies with the quantity of steam used; to find the rate 
of expansion which will produce a given quantity of work at 
the least expense.” The paper referred to was published in the 
“Transactions of the Royal Society of Edinburgh,” vol. xx., 
pp. 191 to 204. The solution of the problem was arrived at by 
graphic construction, with the help of an engraved diagram 
containing a curve whose ordinates represent the comparative 
quantities of work done by a given quantity of steam at different 
rates of expansion. The present paper gave a solution of the 
same problem according to the same fundamental principles; but 
the diagram employed was altered, so asto be much more 
compact in its form, and more simple and convenient in its 
construction and use. 

It was to be understood that, in order that the solution might 
be applicable, the accumulation of liquid water in the cylinder 
must be prevented by some efficient means, such as jacketing or 
superheating. It was now well known that, unless that were 
done, the economy properly due to any considerable rate of 
expansion could not be realised. 

The diagram to be employed was constructed as follows: 
Draw a base line A B, to represent the capacity of the cylinder. 
Divide it into equal intervals (say 100 in number) to represent 
different grades of cut-off. Let AC=B D, perpendicular to A 
B, represent the absolute pressure at which the steam is to be 
admitted. Set up ordinates at a series of points in A B, to 
represent the mean absolute pressure corresponding to different 
grades of cut-off, in fractions of the initial absolute pressure— 


AK 
for example, when the steam is cut off at the fraction 773 the 


capacity of the cylinder, let 4~G represent the ratio borne by 
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the mean absolute pressure to the initial absolute pressure. 
Through the heads of the ordinatesdraw a curveAHD, The 
values of the ordinates of this curve may be found by means of 
formule, or of tables, which are given in books on the steam 


engine,* 
Estimate the proportion borne by the back pressure to the 


absolute initial pressure; and lay off AE, so that 7G shall 


represent that proportion. Draw E F parallel to AB. Then 
om K represents the point of cut-off, and K H the mean 
absolute pressure, L H will represent the mean effective pres- 
sure, to which the indicated work when the piston sweeps 
through a given space is proportional, 

Calculate the expense in some definite time (such as a year, 
a month, or a day) of an engine of the class intended, so far as 
that expense depends on the capacity of the cylinder. This will 
consist mainly of interest, of cost of engine, depreciation, repairs, 
and value of stowage-room occupied by engine, also pay and 
other expenses of engineers; and it may be called briefly—cost 
of engine. Calculate also the expense of supplying the same 
engine, working at its intended speed, with full steam at the 
intended initial pressure. This will consist mainly of interest of 
cost of boilers, depreciation and repairs of boilers, expense of fuel, 
and value of stowage room occupied by boilers and fuel, also 
wages and other expenses of firemen; and it may be called 
briefly—cost of full steam. 

The cost of full steam will be very nearly proportional to the 
weight of steam which would be expended in running at full 
steam for the given time; and that weight may be roughly 
calculated, with accuracy sufficient for the present purpose, as 
follows: multiply together the area of piston in square inches, 
the distance run by the piston in feet, and the absolute initial 
pressure of the steam in a on the square inch; and 
divide the product by 55,000, This will give roughly the 
number of pounds of steam which would be required for full 
steam, from which may be estimated the cost of full steam. 

Produce F E to G, laying off EG according to the following 
proportion: As the cost of full steam: is to the cost of engine, ; : 
soisEF=AB:;toEG. Then at any given cut-off K, EL = 
AK represents the cost of steam on the same scale on which 
EF=AB represents the cost of full steam, and E G the cost 
of engine; also GL = EG-+-EL represeuts on the same scale 
the total cost of “ee. and steam at the given cut-off. 

From G draw G H, a tangent to the curve A D; and from 
the point of contact H, let fall H K perpendicular to A B, Then 


K represents the most economical cut-off; and the most 


economical rate of expansion; being the solution of the problem. 

The reason is, that at any given cut-off, such as K, the indi- 
cated work is eapestionsl to the ordinate (such as L H), 
measured from the back pressure line E F to the curve; while 
the cost is proportional to the distance G L of that ordinate from 
G; therefore the work is greatest in comparison with the cost, 
and the cost least in comparison with the work, when the slope 
G . is steepest; that is, when GH is a tangent to the curve 
A 


The f Howing are some examples, obtained by the aid of the 
engraved diagram: 














Ratio of | 
Back | 
Pressure to Ratio of Cost of Engine to Cost of Full 
Initial Steam ; 
Pressure ; 
AE nF 
AC 
0.05 0.10 0.15 0,20 0.25 
Most economical cut-off 
0.0 | 016 022 027 080 0.83 
010 =| 020 025 030 083 0.87 | 
0.15 | 0.24 0.29 0.33 0.37 0.40 
0,20 0.28 0.33 0.37 0,40 0.44 


| 





The cost of full steam may be estimated from a practical 
example of the performance and cost of an existing engine, 
working expansively, as follows: ascertain the actial cost of 
steam, and multiply it by the rate of expansion: the product 
will be the cost of fall steam. 

Minute accuracy in solving the problem of this paper is un- 
necessary; for it is only by great deviations from the most 
economical rate of expansion that a serious falling off in economy 
18 incurred. 

In order to make any use of the rules given in this paper, it is 
necessary to have data as to the various items of the actual cost 
of working existing engines of different sorts. Ample informa- 
tion on those points can no doubt be furnished from the expe- 
rience of many of the members of this institution. 

t. Napier explained the paper. 

Mr. Scott Russell said that the value of the paper consisted in 
the fact that, whereas the abstract working of steam expansion 
Was a thing very easily calculated, and it turned out from that 
colealation that the more they cut-off the more economically 
; y worked, yet it turned out in practice that this was not the 

fact, for the reason that there were many sources of loss of power 

which did not at all according to the quantity of steam 
used, Professor Rankine had now given them, for the first 
time, a rule which embodied the loss of power by constant 
quantities along with the development of power by cutting-off. 





* The author has caused such a di 

2 agram as that above de- 
— to be engraved; and he sends along with this paper a 
hg the engraving for the library of the institution, Mat he 


Mr. W. W. Rundell, the secretary to the Liverpool Com- 
pass Committee, read a paper, of which the following is an 
abstract, on Compass Equipment in Iron Ships, and Govern- 
ment op ge 

It had been urged, he said, that the great divergence of 
opinion which at one time existed on the subject was passing 
away, that the acknowledged authorities on the magnetism of iron 
ships were assimilating very much in their views, and that the 
Institution of Naval Architects might do good service in assist- 
ing to decide what were the essentials to a good compass outfit, 
and what description of compass and kind of compensation were 
best adapted for iron vessels, 

Recently the Royal Society had addressed the Board of Trade 
with the object of obtaining Government inspection of compasses, 
so far, at least, as passenger steamers were concerned, and 
evidently with an ulterior view to still further supervision. 
The manner in which the Royal Society had pressed its con- 
sideration upon the Board proved that the council of the society 
attach much importance to the subject. 

In confirmation of the growing uniformity which had been 
alieged, Mr. Rundell quoted the introduction of magnetic com- 
sensation, as originally recommended by the Astronomer Royal, 
into several of the ships of the royal navy by the present 
energetic superintendent of the Admiralty Compass Depart- 
ment; and the Astronomer Royal, in his lectures to the students 
of naval architecture, at South Kensington, had also advocated 
the introduction of a vertical iron bar in connexion with 
permanent magnets, in compensating steering per sses when 
placed near the stern in iron a Mr. Rundell had been led 
to suppose that the Astronomer Royal, the Admiralty, and their 
talented adviser, Mr. Archibald Smith, the Royal Society, as 
represented by that veteran in magnetic science, General 
Sabine, and the Liverpool Compass Committee, representing, as 
it did, so large a section of the mercantile marine, would have 
little difficulty in agreeing as to what should constitute a 
necessary compass outfit for an iron ship, meaning by this the 
minimnm outfit required for satisfactory navigation, and with- 
out which an iron ship, whether sailing vessel or steamer, ought 
not to be considered seaworthy. They would, no doubt, also 
agree as to the most suitable kind of compass ; and, as regards the 
steering compass, the best mode of compensation. Any decision 
on these points arrived at in this way migt undoubtedly be termed 
authoritative, and would not, he imagined, be seriously disputed. 

The mode suggested for getting this authoritative decision 

adopted was, in fact, already in operation, The Liverpool 
Underwriters’ Registry for Iron Vessels required that all ships 
classed by them should be furnished with at least “ one steering 
compass (compensated) and one standard azimuth compass, 
placed so as to command the horizon over the weather side when 
the ship is heeling.” To this rule a short note was appended, 
directing attention to some of the mechanical arrangements re- 
quired to secure good compass action. The London shipowners 
and underwriters had the same interest in this subject as those 
of Liverpool, and if it were properly put before them, they would 
probably adopt a similar rule, or such improvement upon it as 
might be suggested by the authorities already named. 
t was thought there would be no difficulty in getting suitable 
public bodies in all the large ports to undertake to test compasses. 
A small fee would probably cover all expenses, The Royal Ob- 
servatory at Greenwich, the Admiralty Compass Observatory at 
Woolwich, the Mersey Docks and Harbour Board at Liverpool, 
would be sutiable establishments. The first and last already 
tested chronometers with great advantage to the mercantile 
marine ; to test compasses would be a step in the same direction. 
The necessity for an establishment of this kind had, it was 
understood, been discussed in connexion with the other arrange- 
ments proposed for the new observatory now building for the port 
of Liverpool. 

Mr. Rundell would not say that, as regards compass manage- 
ment, iron ships were skilfully aovlenel that proper care had 
been taken to reduce to a minimum the magnetic errors which 
— the commanders of iron vessels, but that success had 
en attained by constant watchfulness and extreme caution. 
These remarks led the speaker to two other topics, viz. the 
Supervision of Compass Adjusters, and the Education and Exa- 
mination in Magnetism of the Masters and Mates of Iron Vessels. 
It would scarcely be disputed that compass .djusters ought to 
understand the theory of magnetism on which their practice was 
founded ; that they should be able to analyse a table of deviation, 
and show numerically how much of the deviation was due to the 
ship’s fore-and-aft magnetism, how mucli to transverse attrac- 
tion, and how much to horizontal induction; that in cases 
where it was only possible to make good observations for deviation 
on a few points of the compass, they should be able to give the 
poet deviations on the remaining points; that they should 

able by vibration, or other suitable experiments taken in one 
position of the ship, to ascertain approximately the amount and 
direction of the ship’s magnetism, construct from this a table of 
deviations, and estimate the probable error from heeling; that 
they should be acquainted with the effect which a ship’s position, 
while building, had upon her magnetic character, and how this 
was influenced by — of geographical position and otherwise. 
Adjusters so accomplished would be able to give most valuable 
advice to the masters of iron ships, adapted to the particular 
ship in which they might be engaged. They might show the 
use of the Admiralty chart of variation, and direct attention to 
the exceedingly useful azimuth tables now in course of’ publica- 
tion by the Admiralty. 

The improvement of compass adjusters was, however, a 
matter of small importance compared with the instruction of the 
masters and mates of iron ships in the elements of magnetism 
and the practice of compass adjustment. In fact, masters were 
now sometimes called upon to perform at sea or in foreign ports, 
and under difficulties, what the compass adjuster did quietly in 
port. A vessel might sail with a cargo of machinery, and return 
with a cargo of cotton. Whether her compass be corrected with 
magnets or by means of a carefully observed table of errors when 
she first left port, of what use was either on the return voyage, 
or to takean East India voyage? and between two and three 
hundred iron ships of more than 1000 tons each made this voyage 
yearly. An adjuster had compensated the steering compass in 
the ordinary way, and the standard compass was either corrected 





to make it public in any further manner. 





by her master. By this the dangers of the English Channel or 
the Irish Sea were avoided, and it might be that no compass 
errors of importance were observed until the ship was well south, 
say “ running down her easting,” in latitude 38° to 40° S. Here 
six or seven points of error were observed in the steering com- 
pass. This would be a little awkward, but probably three 
points were cancelled out by variation, and the master might 
only have to steer S.E. to make a true east course. But the 
man at the wheel would complain that the card was not steady, 
or that it rested in any direction—the compass had no directive 
power. The master would be compelled to do something, and 
would try ‘shifting his magnets.” It would be useless to say 
that the commanders of iron vessels ought not to alter the posi- 
tion of the magnets which had been fixed by the adjuster, as 
they constantly did so, and were forced to it. The true remedy 
was to instruct them how to do it effectively. This much of 
the practice of adjustment was absolutely necessary to their 
position, and there seemed no valid reason why they should not 
be instructed in the process, and their ability in this respect be 
endorsed upon their ordinary certificates, 

The Liverpool Compass Committee were so convinced of tle 
necessity for instructing masters and mates in the elements of 
magnetism, that in February, 1861, they addressed the Board of 
Trade on the subject, and twelve months after this again wrote 
tothe Board, In September of the following year, 1863, the 
Local Marine Board of Liverpool, and it was presumed the other 
Local Marine Boards of the kingdom, were informed that the 
Board of Trade had published * Practical Information on the 
Deviation of the Compass, for the use of Masters and Mates ot 
Iron Ships, by John Thomas Towson, F.R.G.S., &e., &e.” 
They were also requested to instruct their examiners to explain 
to the candidates for examination, and more especially to the 
masters and mates of iron vessels, the value of this work, and 
the probability that in a short time the subject of the treatise 
would form part of their regular examination, 

This expectation had not yet been realised, There appeared 
to have been some bar to the attainment of this very desirable 
end, for it was not found that anything had been done by the 
Board of Trade in this direction since. 





Mr. H. P. D. Cunningham, from whom a paper on the work- 
ing of heavy guns had been announced, was prevented by illness 
from attending; but he sent a letter which was read, and of 
which the following is a et . 

Srr,—In consequence of illness preventing me preparing a 
complete paper on my system of working guns, I trust the 
following brief notice of facts relating thereto will in part fill up 
the blank, and be interesting to the members of the Institution. 

I must preface my memorandum with the remark that the 

reat object I have kept in view in carrying out my designs has 
a simplicity. I have endeavoured to provide sufficient means 
for traversing yey J guns, and for running heavy guns in and 
out, possessing the least possible amount of mechanism, and at 
the same time with power and speed sufficiently for the purpose. 
And I feel very confident, in making the assertion, that my 
system has hitherto proved itself to be powerful, rapid, and 
simple, as the following striking facts will show proof of: 


Training or Traversing, 


My method of traversing a gun by means of a continuous 
chain, reciprocated by passing over a cogged or toothed barrel, 
has been in use on board the Excellent, applied to the 123 ton gun 
since August, 1865, and subsequently has been applied to one of 
the 12 ton guns on board the Minotaur. The 12 ton gun can, 
and has been, traversed from extremes, say over 54°, by two 
men, in 9 seconds, a rapidity of movement which permits a 
broadside gun to measure favourably with the turret gun, and 
exceeds anything that has been done previously. The traversing 
gear was fitted to the gun on board the Excellent, and the gun 
actually traversed by it in less than one hour, and this simplicity 
admits of the gear being promptly shifted with a gun, in the 
event of a gun being shifted to another port or another ship, a 
qualification which t cannot help believing to be most desirable 
with a naval gun. 

Lever stoppers are provided in the gear to control the gun by 
compressing the train chains when working in a heavy sea. Ly 


“proper attention to these stoppers, a gun can be kept under the 


most thorough control in the heaviest weather. 
No fittings are required about the carriage or slide. 


senprss A in and out Gear. 

This also is very simple. It consists of a toothed grooved 
barrel attached to a power wheel worked by a pinion, and the 
whole carried upon a bracket or block, which is attached to the 
carriage by simple drop bolts. A chain extends along the slide 
on each side, and is secured to the ends. ‘The chain is lifted in 
and out of the groove by hand, so as to save as much mechanism 
as possible, When it is required to run the gun in or out, the 
chain is put isto the groove. When the gun is fired the chain 
is lifted out of the groove, and the gun is then free to run in. 

My running in and out gear is fitted to one of the 12} ton 
guns on board of the Minotaur, and the following are the results 
of its working: 

The gun was run in to a taut breeching by four men in fifteen 
seconds. It has been run in by two men, and with an iron slide 
I believe it could be always run in by twomen, It may be 
observed that my gear is fitted to the wooden carriage and slide, 
which is not favourable to its working in competition. 

The gun was run out by two men in ten seconds, 

The roll of the ship when at sea frequently stopped the gun 
from coming in to its full extent, when my gear always acted 
pomety in bringing the gun in to a taut breeching, and the 

oading of the gun was never delayed in quick firing. 

The manufacture of the gear of the Minotaur gun was only 
commenced in London on Wednesday, the 83rd January, and on 
the following Monday it was delivered on board, and a few days 
afterwards the gun was being worked by it. 

In consequence of the gear not being placed sufficiently far 
upon the carriage, the breeching having given out, and the com- 
presser not acting efficiently, the power wheel was struck several 
times with great force against the rear stanchion bolt, and was 
broken. A spare wheel being on board, the armourer, who had 
only a few common tools on board, shifted the wheel in a few 





by magnets or by a table of errors, or both, as might be required 





minutes. The stanchion bolt itself was at last broken, when, in 
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consequence of there being no spare one on board, the damage 
could not be made good ; but if there had been one it could have 
been shifted in less than a minute. This proves the rapidity 
with which the gear can be replaced in the event of damage. 

The whole gear can be entirely taken off the carriage and re- 
placed in less than a minute. [t has been done in forty-three 
seconds. 

On one oceasion the gear had been taken off the carriage, and 
was found by me in the lee scuppers, under a heap of wet swabs, 
where it had been, I believe, for two days, yet it suffered no 
injury, and was put upon the gun and forthwith worked. y 

Another important department of working guns is the service 
of the powder and shot. I cannot contemplate the passage of 
cartridges, containing nearly half a cwt. of powder, about the 
deck in action without anxiety, as, in the event of so large a 
quantity of powder being scattered about the deck by the rupture 
of the cartridge through being struck by a shot or splinter, great 
danger is to be apprehended. The management, of modern pro- 
jectiles in action must be viewed as a difficult service, and calls 
for improved means for providing for its execution, As regards 
the powder, | propose, instead of the cartridges being carried 
along the fighting deck, that the whole of this service be con- 
ducted on the deck below, and that carefully closing recesses be 
fitted to the rear of each gun to contain the cartridge placed in 
it from the deck below, and only to be produced on the fighting 
deck at the moment it may be required to be put into the gun. 

As regards the service of the shot I provide what I 
denominate overhead railways formed of angle and T iron bent 
to curves round the fronts of the guns upon the railways. 
Suitable carriages with rollers are applied, from which the 
projectile is suspended. Thus the projectile can be lifted and 
conveyed direct to the gun. 

I provide also a shot lifter to facilitate the travelling of the 
yrajectile, and which has lifted a given projectile on board the 
Excellent with great facility. 

I regret that I have not been able to prepare diagrams, and 
attend in person, but I still trust that this notice of what I have 
actually done in this great and important question of works on 
modern navy guns will be interesting. 

On the preceding day, Thursday, Mr. John Macgregor read the 
following paper upon a canoe in which he had travelled all alone for 
about three months last summer, on lakes, rivers, and canals in 
Europe, with some excursions in the open sea, As this was the 
first voyage of the kind which has been accomplished, the plan 
of the boat and its equipment had to be devised with special 
reference to the unusual requirements of the trip, and as the 
adventure was completely successful and most enjoyable, and is 
about to be followed by other canoists, a description of the little 
bout may have its share of interest, even among the huge vessels 
with which our Institute is more concerned. 

The Rob Roy canoe was safely navigated without a single 
upset or serious breakage for more than a thousand miles, upon 
the following rivers avd lakes:—The Thames, Sambre, Meuse, 
Rhine, Naha, Main, Danube, Reuss, Aar, Ill, Moselle, Meurthe, 
Marne, and Seine; the lakes Titisee, Constance, Unter See, 
Zurich, Zuy and Lucerne, and six canals mn Belgium and France. 

Part of the voyage was in places where no other boat could 
go, and for hundreds of miles the route led through rapids, 
shallows, trees, whirlpools, sunk rocks, weeds, mill races, weirs, 
narrows and snags. The canoe had also to withstand dangers 
on shore of another kind, when it was transported from one 
river to another by steamers, railways, horses, bullock carts, 
hand barrows or men, or was dragged over rocks, walls, hedges 
and fields, or carried round waterfalls, over mountains, through 
woods, up ladders, and by windows into houses. 

It is not intended now to allude further to the varied and 
amusing adventures which this novel mode of boating entailed, 
for these would be out of place here, and an account of them has 
already been published,* but I shall proceed at ence to give the 
dimensions of the boat which, after experience and close observa- 
tion, seem to be the best for an expedition of this kind. 

The canoe ought to be made of the best oak, and covered fore 
and aft with well-seasoned cedar; the best dimensions appear 
to be: length 13 ft. [15],¢ beam 26 in, [28], depth outside, 
from keel to deck. 9 in., camber 2 in., keel 1 in., with a strip of 
iron, } in. broad, carefully secured all the way below, and with 
a copper strip up the stern and stern-posts, and round the top 
of each of them, ‘The opening in the deck should be 4 ft. long 
[4 ft. 6 in. ] at most, and 20 in. wide, with a strong combing all 
round, but not more than 1 in. [3] high. ‘This opening should 
be semi-circular at the ends, both for appearance sake, and 
for strength and convenience, so as to avoid corners. The 
Mackintosh sheet to cover this must be strong to resist constant 
wear, light coloured, for the sun’s heat, and so attached as to be 
readily loosened and made fast again, say twenty times a day, 
and so as to break of itself when you have suddenly to jump 
out to avoid an upset or a decided smash, A_ water-tight 
compartment in the hull is a mistake; its partition prevents 
access to breakages within, and arrests the circulation of air, and 
it cannot be kept long perfectly staunch. There should be extra 
timbers near the seat. The canoe must be so constructed as to 
endure without injury: (1) to be lifted by any part whatever ; 
(2) to be rested on any part; (3) to be sat upon while aground, 
on any part of the deck, the combing, and the interior. 

Wheels for transport have often been suggested, but they 
would be useless. On plain ground or grass you can readily do 
without them. On cube and »ough ground, or over ditches 
and through hedges, wheels could not be employed, or would be 
in the way. Bilge pieces are not required; strength must be 
had without them, and their projection seriously complicates 
the difficulties of pushing the boat over a pointed rock, both 
when afloat and when ashore. 

The paddle should be 7 ft. long (not more), strong, with both 


* See “A Thousand Miles in the Rob Roy Canoe, on Lakes and 
Rivers of Europe,” (second edition), by J. Macgregor, M.A., 
Trinity College, Cambridge ; Low, Marston and Co. ; with twenty 
illustrations, 330 pp., boards, price 5s, [The author's profits are 
given to the Royal National Liieboat Institution, and the Ship- 
wrecked Mariners’ Society.] 

t The dimensions in brackets are those of the Rob}Roy as it was 
actually used when they differ from those given as improved 
dimensions. 





ends rounded, thick, light and banded with copper. There should 
be conical cups to catch the dribbling water, and, if ible, 
some plan (not yet devised) for preventing or arresting the drops 
from the paddle ends, which fail on the deck when you work 
slowly, and when there is not enough centrifugal force to throw 
this water away from the boat. The painter should be a piece 
of the best flexible rope, not tarred, well able to bear 200 pounds 
weight; more than 20 ft. of this rope is a constant incumbrance, 
The ends can be secured through one hole in the stern-post and 
another in the stern-post, so that either or both can be readily 
cast off, and the slack may be coiled on deck behind you. 

There should be a back support of two wooden slips, each 
15 in. by 3in., placed like the side strokes of the letter H, and 
an inch apart, but laced together with cord. Rest them against 
the edge of the combing, and so as to be free to yield to the 
motion of the back at each stroke, without hurting tke spine. 
If made fast so as always to project, they are much in the way 
of the painter in critical times. They may therefore be hinged 
below, so as to fold down as you get out. 

The mast should be 5 ft. long, strong enough to stand gales 
without stays, stepped just forward of the stretcher, and so as 
to be struck without your rising when in a squall, or when near- 
ing trees, or a bridge, a barrier, ferry rope, bank, or waterfall, or 
when going aground, 

The suil, ifa lug, should have a fore leach of 4 ft. in a head of 
3 ft. 6in., and a foot of 4 ft. 6in.: the yard and boom being of 
bamboo. The boat can well stand more sail than this at sea, 
or in lakes and broad channels, but the foregoing size for a lug 
is quite enough to manage in stiff breezes and in narrow, rocky, 
tortuous rivers. A sprit-sail, on the whole, would be better, as 
enabling more canvas to be carried, while it can be reduced at 
once to a “ leg-of-mutton” sail by dropping the sprit in a gale. 

The material of the sail should be strong cotton, in one piece, 
without any eyelet or hole whatever, but with a broad hem, en- 
closing well stretched cord all round. A jib is of little use as a 
sail. It is apt to get aback in sudden turns. Besides you must 
land to set it, or else to take in its outhaul, so as to be quite 
snug, or it gets wet on deck. The jib does well to tie on the 
shoulders as a shawl when they are turned to a fierce sun. The 
sails (with the booms or yards) should be rolled up round the 
mast compactly, to be stowed away forward, so that the end of 
the mast resting on the stretcher, will keep the roll of sails out 
of the wet. The flag and its staff when not fast at the mast- 
head should fit into the mast-step, and should be light, so as not 
to sink if it falls overboard as one of mine did. 

The floor boards should be strong, and easily detachable, so 
that one of them can be at once used as a paddle if that falls 
overbourd. 

The stretcher should have only one length, and ‘let this be 
carefully determined after trial before starting. The two sides 
of its footboard should be high and broad, while the middle 
may be cut down to let the hand get tothe mast. The stretcher 
should, of course, be moveable, in order that you may lie down 
with the legs at full length for repose. A knife basket, holding 
a waterproof coat, made a very good and cool seat. 

One brass cleat for belaying the halyard should be on deck, 
about the middle, and on the right-hand side. A stud on the 
other side, and this cleat will do to make fast the sheet by one 
turn round it on either tack. 

The luggage for three months was carried in a black leather 
bag, one foot square and five inches deep, placed on the floor 
between my knees, and containing clothes, books, tools, nails , 
medicine, and a host of little et ceteras. 

In such a boat, and so provided, a happy healthful voyage can 
be made by land and water, where pleasant scenes are found 
amid studies of life and character. 








STEEL FOR SHIPBUILDING. 

Ox the occasion of the discussion of Mr. Rochussen’s paper, 
at the Institution of Naval Architects, on Thursday week, 
Mr. Reed suid he should like to mention one or two of the causes 
which prevented steel being very extensively adopted at the 
present moment. He wished that Mr. Samuda had been present, 
inasmuch as that gentleman had recently taken a public part in 
urging the construction of a certain class of vessels, one of the 
main features of which was that they were to be made through- 
out, or nearly throughout, of steel—at least, 80 or 90 per cent. of 
the ship was to be formed of steel. He (Mr. Reed) had taken great 
omy to ascertain the real nature of steel, and of that particular 

ind of steel which was recommended for ship-construction, and he 
had found some very singular facts. He was very much struck 
with the remarks of the reader of the paper as to the desirability 
of selecting steel with a view to the purpose for which it was to 
be used and the duty which it had to perform. In connexion 
with the steel which he was about to mention they had taken 
every precaution to describe the kind of service they wanted it 
for, and he believed that the makers of the steel were quite sa+ 
tisfied that what they supplied was the right kind of material. 
When testing the steel they found that, although when it was 
broken through the solid plate it gave an extremely satisfactory 
strength and possessing a tensile strain varying up to 40 tons, 
yet over and over again the steel broke away from the rivet 
hole, and, taking it in that way, the breaking strain was re- 
duced to 22 tons to the inch, so that in putting steel into a 
structure like a ship, which was subject to ull kinds of strains, in- 
stead of there being an enormous increase of per-centage of 
strength, there was actually an enormous decrease. The steel 
tried was of a superior quality, and they had not found in it that 
amount of uniformity which was generally supposed to exist in 
steel. They had tested puddled steel, crucible steel, and Bes- 
semer steel, but had not yet obtained results which would at all 
justify them in a wholesale use of steel in the construction of ships. 
In order to test the matter as fairly as possible they had the rivet 
holes both drilled and punched, and they obtained a much more 
satisfactory result when the holes were drilled than they did when 
they were punched. Another objection to the indiscriminate and 
too hasty use of steel was that they had to ascertain, not merel 
the tensile strain, but also the compressive foree of the metal. 
No doubt tensile strength was a very important matter, but 
when they considered that the bulkheads and sides of a ship 
were subjected to all kinds of compressive force, it became ex- 


that compressive force. He hoped it would not be understood 
that he considered the experiments which had been made as 
final; but he was sure that every gentleman present would agree 
that, until they had obtained more satisfactory results, it would 
not be a judicious thing to build ships largely of that material. 
He thought it would be exceedingly unfortunate if a vessel built 
as Mr. Samuda suggested, with a turret and armour, should be 
made of steel. When they considered the number of openings 
in such a ship, it beeame a most momentous question whether 
the material of which the ship was built was likely or not to 
prove treacherous. He stated these views without the slightest 
attempt to discourage the use of steel beyond what was fair and 
just. He had gone over the works in Prussia, alluded to by the 
paper, and certainly nothing could be more admirable than the 
pains which were taken to produce an excellent material. [He 
only wished to lay before the institution the grounds on which 
they had gone warily to work in the adoption of steel, and to 
justify what some people had regarded as an indisposition to 
make progress. 

Mr. Grantham said he would offer no opinion at all as to the 
desirability of building steel vessels, but would give some of his 
own experience with regard to steel. About four years ago he 
was requested to construct a vessel for service in the river Trent, 
in a part where the river diminished very rapidly. The owners 
possessed four or five other vessels, but they wanted one of less 
draught, and he told them that the only resort, under the 
circumstances, was to venture upon a steel vessel. He had no 
experience at that time of such ry but he designed ‘a long 
fine vessel, and Messrs. Penn and Son made the engines. She 
drew about a foot less water than the former vessels, and 
answered the purpose remarkably well. He watched the vessel 
closely —_ her construction, and was informed by the 
builder—and his own observation confirmed the fact—that in no 
single case was a rivet hole cracked, nor did any of the rivets 
when bent show any sign of cracking. ‘They were most ductile, 
and the men spoke of the steel in the most favourable way. 
Shortly after that he was applied to for a screw vessel, and 
though the party had several iron vessels, they determined, after 
what he had told them, to try a steel ship. He made thema 
steel ship which; went to sea, and was at sea at the present 
time, and had encountered all the bad weather of this year. 
She was now three years old. When she was about one year 
old he heard that she was filled with water in the harbour in 
which she was accustomed to lie. He immediately apprehended 
that some treacherous place had been found in her which had 
cracked and let the water in. Upon inquiry, however, he found 
that the parties who built the berth in which she was lying had 
carelessly let some stones from the pier fall down into the berth, 
upon which she had sat down, and, as might be supposed, the 
consequence was that a hole had been made in her bottom. 
This was soon repaired, and the foreman afterwards told him 
that he had never in his life seen iron drawn so much under the 
circumstances before it broke, and that there were several indents 
caused by the stones which could not have existed in an iron 
vessel without fracture. He also gave a most favourable 
account of the ductile state of the vessel. Shortly afterwards 
the parties who had the first ship wanted another, and so well 
satisfied were they that they had it made of steel, and, as far as 
his own observation had gone, he had no doubt at all that they 
had made « judicious choice. 

Mr. Reed asked if the rivets were tested properly. 

Mr. Grantham replied that they were, A omy he did not see 
them, but there was no evidence whatever of their having broken 
in the way Mr. Reed had described. The first vessels of which 
he had spoken were built of puddle steel, in contradistinction to 
Bessemer steel. This was all the experience which he had had 
in the matter, excepting that he had seen a great many works 
where steel was made. He gave no recommendation on the sub- 
ject, but thought it was well that facts like those he had men- 
tioned should be recorded. 

Mr. Reed, in answer to a question, stated that they most 
certainly did find that when steel did break through the rivet 
holes, it was at a much less tensile strain; and knowing this, 
they could not have much confidence in it. 

Mr. Scott Russell was one of those who had the greatest hopes 
of steel, but who had been brought, by burning fis fingers, to 
use some caution in the application of it to ships. They could 
get steel of a quality which would stand a tensile strain on the 
square inch of 100 tons, but that would be a steel possessing no 
other good qualities than extreme hardness and extreme tensile 
strength. e was led, when he was a great deal younger than 
row, to buy one or two vessels with steel plates. From what he 
was told, he believed that when he had got plates that would 


the thickness of an iron one, and that it would be as strong. He 
tested the steel, perhaps they would say, in an unfair manner, 
but it was a manner which suited bis particular purpose. He 
wanted a very small boat, with a very small draught of water, 
with very great power; but he wanted to have all that power at 
the aft end, and of course he had to load her in the fore part, s0 
as to get an even keel, and the effect was, that the vessel gave 
way entirely by breaking down. Under ordinary circumstances, 
however, he thought there was no fear for a steel boat, but he 
would ask steel manufacturers to give their greatest attention to 
the amount of crippling strain which steel would bear, and then 
no one would more heartily encourage the building of steel ships 
upon a large scale than he should, because he believed that steel 
was to be the iron of the future, and he believed this because he 
had marked the astounding reduction which had been made in 
its price. He heard two iron manufacturers talking ry oe the 
other day, and one accused the other of being a fool for selling 
steel at 132. a ton, but the other replied that he was much better 
off to sell 2000 tons of steel at 132. than to sell 1000 tons at 
16/. Tie conclusion he drew was, to even at 131, there wed 
jolly big profit, and he had no doubt that the price wou 
ultimately come down to 107. 

Mr. Allen said that in building a steel bridge for the London 
and North Western Railway, they adopted a of steel a8 
the proper proportion. As to the cost of steel, he could — 
Mr. Scott Ruseell that it could not be produced at their works 
under 13/. as the actual cost price. 2 b 

Mr. Grantham said that in the vessels he had mentioned the 





ceedirgly important that the structure should beone able to bear 





proportions adopted were two-thirds of steel to one of iron. 


stand 40 tons to the inch, he had only to build a steel boat half 
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Mr. Rochussen briefly replied, and said that the best uality 
steel for shipbnilding purposes ought to bear a strain of 33 tons 
to the square inch, and be capable of 20 per cent. of elongatio" 
and 12} of contraction. 


On Thursday Mr. Merrifield read a paper, by Professor Rankine, 
“Qn a Balanced Rudder for Screw Steamers ;” to which Mr. 
R. Napier added some remarks. ; a; 

Mr. Phipps entered into a comparison between Mr. Rigg’s 
rudder and the one proposed by Professor Rankine. é 

Mr. Scott Russell thought that this rudder was an element in a 
very complicated and difficult question. The rudder itself was evi- 
dently a very simple mechanical arrangement. Perhaps the ques- 
tion was whether the water did not impinge on the fore part of an 
ordinary balance rudder in an awkward and ineffectual way. 
Then whatever the amount of this awkwardness, it might 

sible to remove it by putting that fore part at the same angle 
to the bottom slope at which they wished the straight part to be 
to the ordinary moving water. It might be applicable to one 
speed, but would it betoall? He thought there were difficulties 
in the way of receiving Professor Rankine’s proposal, but he 
had no doubt that that gentleman had convincing reasons for 
bringing it forward. i ; 

Mr. Reed thought that the experiment was one which was 
very well worth trying. He had given some consideration to the 
proposal, which they must admit was a very beautiful scientific 
one; but there was no doubt that there would be considerable 
difficulty in carrying out a trial satisfactorily. But he believed 
that there were, both in the private and in the public service, 
some small screw vessels which might be experimented upon. 

Mr. Napier said there was no doubt that the objection raised 
by Mr. Scott Russell as to the different speeds was a serious one, 
but he believed that both at slower and faster speeds the present 
rudder was in a better position than the ordinary one. He be- 
lieved that the proposal was a step in the right direction. 


PHOSPHORUS IN IRON. 

PxosPHoRus is, perhaps, one of the most ineradica- 
ble impurities in iron. But for their phosphorus and 
sulphur, our common English irons would be capable 
of cheap conversion, by the Bessemer process, into 
good if not excellent steel. Chemists have tried hard 
to separate phosphorus from iron. In Dr. Perey’s 
book “On Iron and Steel,” page 67, he gives the re- 
sult of an experiment by Mr. Hochstatter, who en- 
deavoured to separate phosphorus from phosphorised 
iron by means of the fluoride of calcium. An intimate 
mixture of the two substances was strongly heated in 
a clay crucible for an hour. The crucible was much 
corroded, and the button remaining after fusion was 
found to be nearly as foul with phosphorus as before. 

Mr. (or Herr) Wintzer, a well-known Hanoverian 
ironmaster, has lodged a provisional specification which 
first became public on Wednesday last, and from which 
some hopes have been formed as to the removal of 
phosphorus from iron. He proposes to apply chlorine 
gas with the blast, or chloride of calcium with the 
charge, to drive off the phosphorus. The exact 
chemical reaction is not stated, and we may feel some 
hesitation in accepting the new proposal with hope. 
Chlorine gas, as a simple element, does not decompose, 
and its combination in chloride of calcium is the only one 
which resists decomposition under the Co: tor cee: 
maintained inmetallurgical operations. Chlorideof mag- 
nesium decomposes at the boiling point of water,andchlo- 
ride of sodium (common salt) as proposed by Professor 
Crace Calvert, becomes volatile at a comparatively 
low temperature. Mr. Wintzer proposes to use the 
gas or the chloride either in the blast furnace, the 
puddling furnace, or in any melting or refining fur- 
nace. Poor Heath patented the application of car- 
buret of manganese in the manufacture of steel, and 
while he was practising his discovery at Messrs. Mar- 
riott and Atkinson’s works, Sheffield, other converters 
rolled up balls of black oxide of manganese in coal 
tar, and defied Heath in saying they did not use car- 
buret of manganese at all, pan they employed 
the same chemical elements with the same results. So 
Mr. Wintzer does not confine himself either to chlorine 
gas or to chloride of calcium alone, but patents also the 
simultaneous application of lime and hydrochloric acid, 
thus forming chloride of calcium. Where the chloride 
is to be used in the blast furnace, from five to twenty- 
five parts by weight (a wide range) are to be added to 
the charge for each part of phosphorus contained in 
the iron ore; and the smelting is then to be conducted 
in the ordinary manner. If chlorine gas be used, from 
three to fifteen times the weight of the phosphorus is 
to be blown in, either in the blast or separately. In 
conclusion, the patentee asserts that phosphorus may 
thus be removed from any metal to which a red heat 
may be applied; but the treatment is more especially 
intended for iron and copper. 














Larce Drepcixc Macuine.—Messrs. W. Simons and Co., 
of the London Works, Renfrew, have launched an iron dredging 
machine, which is estimated to be capable of raising 1800 tons 
of material per day. Its length is 120 ft., breadth 25 ft., and 
depth 10 ft. The engines, made by the same firm, are horizontal 
condensing, with 3 ft. — and 3 ft. stroke. The machine 


THE NON-RECOIL GUN. 























In 1841, Mr. Josiah Parkes related at the Institution of Civil 
Engineers how Mr. Greener, of Newcastle-on-Tyne, had burst a 
gun-barrel open at both ends, by putting in a charge of powder 
and leaving an air-space between it and the ball. Mr. G. P. 
Harding, now so well known, in connexion with Mr. Hawks- 
worth, from his introduction of the hydraulic process of drawing 
steel tubes in the cold state, has for some considerable time been 
experimenting with gun tubes open from end to end, and in 
which the gun cotton, which he prefers to gunpowder, reacts 
only against an elastic column of air. We shall say nothing at 
present of the results actually attained by this gun, of which we 
give a section above, further than that’ Mr. Harding expresses 
himself satisfied, from the results of his experiments, that the 
initial velocity of the projectile, and therefore its penetrative 
power, are greater when fired upon his plan than from a gun 
closed at the breech. He has made many trials, concluding 
with a series last Saturday at Chiswick. 

In the section, A is the bullet, B the charge of gun cotton, D an 
air-space with a felt or millboard wad at each end, the outer 
wad being supported slightly by the diaphragm F. The vent is 
placed just at the rear of the charge of gun cotton. Mr. Harding 
states that the results of experiments have shown: “1. That 
fraction of the force of an explosive compound which expels the 
bullet from a gun, is distinct and separable from that which 
causes the recoil—the latter being exerted in a direction 
diametrically opposed to that of the former. 2. If the latter 
portion of the force could be annulled, it would not impair or 
diminish in the slightest degree that other portion of the force 
which propels the bullet. 3. If the gases produced by the 
explosion be confined in the gun until the ball is expelled, they 
may then be allowed to escape with impunity. 

“ On firing, the action of the explosion upon the shot is in- 
stantaneous, as in xn ordinary gun; it is equally instantaneous 
upon the first wad, forcing it back on the column of air, and 
causing the latter to drive out the second wad. The air, how- 
ever, being an elastic fluid, resists a sudden and violent blow, 
having to be compressed to the requisite tension before it can 
overcome the resistance of the second wad and the diaphragm 
behind it. In effecting this compression a minute fraction of 
time is consumed, of sufficient duration to allow the ball to be 
projected with due velocity. 

“The whole action is of course rapid in the extreme, but the 
escape of the gases has been delayed aang ee and conse- 

uently the ball has left the gun before the wad is expelled. 
The gun itself, being an open tube, offers no resistance to the 
gases longitudinally, and as its momentum or inertia is greater 
than the force which the resistance of the wads offer to the 
escape of the gases, there is consequently no recoil, 

“The gun is reduced to its simplest form, viz., a tube, or 
series of concentric tubes, and thus all the complicated and costly 
arrangements for guns loading at:the breech, as well as the 
heavy breech pieces of muzzle-loading guns, are avoided. 

“The gases which escape at the rear cau be diverted by a 
shield, or if on ship-board by a flue, with ease and security. 
“‘Gun cotton is used in preference to powder, because of its 
eater rapidity of action, but a quick powder can also be used. 
he peculiar construction of this gun, hewever, admits of the 
safe employment of more violent explosive agents, and the result 
is that a steel guu of a given calibre on this principle charged 
with gun cotton will have the following advan : 1. It will 
be one-third lighter. ~2,-It will cost one-third less. 3. It will 
give one-fourth greater penetration than the present guns. 4. 
It will be without recoil, and, 5. It will be without smoke. 


. 








WATER SUPPLY FOR SMALL TOWNS. 
To THE Eprror or ENGINEERING. 


Srr,—It is well sometimes to turn from the greater works of 
the day, from the engineering wonders of the age, from the 
monster vessels, the mighty bridges, the almost spanless roofs, 
the tunnelled railroads, and the aérial viaducts, and see what 
science is doing for the health and comfort of the people in the 
quieter corners of our country. . 
Most of your readers will remember the pretty town of Berk- 
hamstead, in Hertfordshire, in the long wooded valley running 
north from Boxmoor to Tring. The London and North- 
Western Railway passes close by, Berkhamstead station itself 
standing almost on the ruins of the old Anglo-Saxon castle, 
where Norman William came after the battle of Hastings, to 
meet the Saxon nobles there resting to offer him allegiance and 
the crown. 
In Berkhamstead Henry the Second often held his court; 
Edward the Third lived there some years, and it was he who 
ave to his eldest’ son, the famous Black Prince, as Duke of 
‘ornwall, the castle, manor, and town of Berkhamstead, to have 
and to hold for his life, and after him tothe eldest sons of the Kin 
of England and the Dukes of the said place for ever. In this 
manor lies the common so notorious of late from its enclosure by 
Earl Brownlow, and the midnight raid upon the fences thereof 
by Mr. Smith and his “‘ merrie men.” 
So much for old Berkhamstead, which, by-the-by, confers the 
title of Marquis on the present King of Hanover. It was a merry 
place in the past, with its hunting grounds and bright gravelly 
streams, with fishing in Edward’s time worth 20s. a year; but 
long before Cromwell came the castle had passed away, and a 
few generations saw the town void of its gaiety, its prestige almost 
forgotten, sinking gradyally into the place for which nature 
intended it—a simple market town, where the neighbouring 
farmers came to buy and sell once every week in the year. 

But all this time Berkhamstead boasted a sweet little-river of 
pure water, enough to drive the mills to weg the corn for all 
the country round; and many is the speckled trout and long- 
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nosed pike I, as a boy, have watched in the clear stream and 
shady shallows. 

The railway, however came, and Berkhamstead grew; its 
sewerage was and the river got less bright and fresh every 
year; the fish departed ; some of the wells under the gravel gave 
water not pleasant to drink, and fever would now and then visit 
the town in the hot summer time. 

Now, I take it, this is the case with the water supply of many 
districts in England. Several towns I know run, not a portion, 
but all their sewerage into the rivers, for the reason that th ey 
can do nothing else with it. 

There are only two hundred towns in the United Kingdom 
supplied with pure water from reservoirs and artesian wells, and 
not forty out of these are by high pressure from deep borings. 
All the rest are dependent either on the rivers or comparatively 
shallow wells for their supply. We know how easily many of 
the weaker branches of animal life are destroyed by impure 
water ; is it not reasonable, therefore, to question ote Bo many 
of the low types of disease that affect both man and beast spring 
from the same source ? 

But this by the way; the water was not good, and Berkham- 
stead determined to have pure water. 

A Limited Company was formed, and works erected in the 
town with a triple object. They comprised waterworks, baths, 
and washhouses, with all appliances for drying, ironing, and 
airing linen. 

The depth bored is 200 ft. in the solid chalk, and a supply of 
the most beautiful water seems inexhaustible. 

The engine is simply horizontal direct acting, with cylinder 
16 in. in diameter, 3 ft. stroke, and the usual arrangement of 
pumps; size of main 6 in. The area to be covered is 4 miles by 
3 miles; the vertical lift, 260 ft., is sufficient to serve the houses 
on the hills above the ‘town. ‘The baths and bath rooms are 
well appointed and of good workmanship, and comprise cold, 
hot, tepid, shower, douche, and vapour baths. ‘The laundries, 
&c., are well arranged, and are open to the householders and 
neighbouring gentry, ‘They seem to be appreciated, for many 
women were busily engaged therein at the time I was there. 
~— can be made either by the year or by the bath, &c. 

‘hese works were opened last summer, phe f already the water 
is laid on to many of the houses in and around the town; it is 
to be taken to Askridge (Earl Brownlow’s residence), a distance 
of three miles, and pipes will likewise be carried to most of the 
farms within the power of the works: All this has been 
achieved at the cost of only 47001, and the returns of the first 
six months show a satisfactory interest on the capital invested, 
although the population of Berkhamstead is certainly not more 
than 4000. Now, sir, it is to that fact I would specially draw 
your attention. We all know one of the most difficult problems 
of the day is the disposal of sewera This, for all I can see, 
must stand over, at all events, until sucha time as science and 
investigation may throw more light upon the matter; but is 
there not, therefore, the greater reason to get better or, at least, 
unpolluted water for the people? und why should: not every 
town or even village of 3000 inhabitants in the kingdom possess 
its water-works? Where eee | could not be raised by a joint- 
stock company, the adoption of the Local Government Act would 
make all provision. 

In the years 1859, 1860, and 1861, I rode some 12,000 miles 
through the Australias to look into their agricultural capacity 
and prospects, and in none other of the British dependencies in 
the Southern Hemisphere is the surface water generally so bad. 
In Victoria especially there are many towns to which such 
small works would be an inestimable blessing, and, with some 
few exceptions, beautiful water can be vbtained either on the 
plains or in the undulating country at a ~_ of under 200 ft. I 
must apologise for the length of this letter; but I seud it because I 
feel the great question of public health underlies the ‘whole 
matter, and I gather from your journal a notion that no form of 
engineering is either too feeble ‘or simple for you to embrace, 
providing any ultimate practical good is to be advanced 
thereby. I am, sir, your obedient servant, 

MontaGuE BEALE. 
9, Great Winchester-street, Old Broad-street, E.C. 








Borer Exproston.—A violent boiler’ explosion, which, 
although it has not as yet caused the death of any person, was 
attended with injuries to about twenty workpeople, occurred on 
Tuesday, at the mill of Mr. Shand, Dewsbury-road, Leeds. 
The boiler burst at the moment of starting the engine. 
BesseMER RaiLs.—We hear of quotations of Bessemer rails 
as low as 11. 10s. per ton, although the leading makers insist 
pa rails of good quality cannot be made at that price with any 
rofit. 
. Tu Lenore Gas Encine.—The patent right, &c., appertain- 
ing to the Lenoir gas engine, for England ve the colonies, has 
now been purchased by the Gas Engine Company (Limited) 
having offices at 20, Cannon-street, E.C. 
Tur Moscow Gasworks.—Mr. Leslie, the engineer to the 
Crystal Palace District Gasworks, received the appointment, 
some little time since, of engineer to the Moscow gasworks, at 
the handsome salary, we understand, of 3000/..per annum. 
Traction Eneines.—On Thursday week, one of Messrs. 
Aveling and Porter’s 12-horse traction engines, drew from Lord 
Dudley’s Coneygree ironworks to the Round Oak works, belong- 
ing to the same nobleman, a truck loaded with a large anvil 
block, the united weight of the truck and block being 40 tons. 
The distance was five miles, and in addition to the roads being 
in a bad state from snow and wet, inclines of 1 in 14 were en- 
countered and overcome. Upon these the total effort of traction 
could have been hardly less than 13,600 lb., equal to rather more 
than one-half the; weight upon the driving wheels, and corres- 





ponding, at say one mile an hour, to 36 effective horse. power. 
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WEEKLY LIST OF ORIGINAL ARTICLES 
Published in Recent Numbers of the Chief Scientific Foreign 
Periodicals or Reviews, and which may be consulted at the 
Free Library of the Patent Office, Southampton-buildings. 
I. Dingler’s Polytechnisches Journal. 
(1866. Part IV.) 
G. Delabar. On the farther improvements in caloric engines. 
Otto Dingler. Universal coupling (with plates). 
Prof. Toepler. Mode of extracting roots by means of Thomas’s 
calculating machine. 

Water-raising machine built by the Ocean Dockyard Company 
(with plates). na ‘ 
Perrigault. Flour mill ventilator (report by Tresca) (with plates). 
H. Romanowsky. Self-revolving boring tool with a free fall 

(with plates). 
P. Tunner. Spit or chip test in the Bessemer process (with 
plates). , , 
W. Weyl. On the estimation of carbon in steel (with plates). 
Dr. G. C. Wittshein. On the cause of the gradual decrease in 
the weight of platina ereucibles in a red-hot grate. 
H. St. Claire Deville. On the hydraulic property of magnesia. 
L. Dauckwerth. On the behaviour of metals in apparatus iu 
which sebacie acids are distilled. 
J. Nicklas. On a new means of distinguishing cane sugar from 
grape sugar. 
Dr. Carl Lermer. Analysis of the ashes of beer coolers.—Pre- 
cipitating beer by means of chloride of iron. 
S. Marcus. Apparatus for illuminating by means of atmospheric 
air carbonised by petroleum. 
Dr. J. Schnauss. Sensitizing agent for photographs. 
Professor Bottger. Composition for obtaining casts of coins and 
medals. 
Em. Monnier. On the estimation of organic substances in un- 
wholesome water. 
Il. Polyte chnisches Centralblatt. 
(1866. Part IV.) 
O. Beylich. On cogwheel apparatus as joints of arbors, and on 
universal wheels (with plates). 
After-test of old steam boilers in France. 
F. Reulcaux. Slide reversing gear (with plates). 
E. Kopp. On the theory of the manufacture of soda. 
Rivier. Apparatus for filtering water (with plates). 
Salomon, Magnesium lamp (with plates). 
Fr. Riidorff. On the estimation of carbonic acid in gas (with 
plates). ; 
Dr. W. Hallwachs. On the estimation of tannic acid in tannic 
substances. 
Seiler. Apparatus for raising and lowering weights, by means 
of atmospheric air and water pressure. 
Apparatus for lessening the heat of gas-lights. 
J. Wothly. Wax lustre or varnish for photographs. 
Niepce de Saint-Victor. On the reduction of black in the helio- 
chromic process. 
E. Baudrimout. On white phosphorus. 
H. Reinsch. On Fleitmann’s manufacture of oxygen. 
Th. Haas. On the gilding of steel. 
Dr. A. Vogel. On the detection of nitric acid in English sul- 
phurie acid. 
Sh. Welly. Bronze of titanium. 
R. Bottger. On the dyeing of linen and cotton tissues by means 
of aniline colours. 
H. Kichlin. On a certain blue generated by means of the reduc. 
tion of chloroxynaphthalic acid. 
E. Carchon. Green dye tor straw. 
Dr. Artus. On the amount of feeula contained in potatoes, 
Fr. Kick. On the manufacture of pressed yeast. 


XXX. Deutsche Industrie-Zeitung. 
(1866. Nos. 7, 8.) : 
Projected permanent Exhibition of Industry at Hamburg. 
On the fulling of tissues. 
A. Dinse. Utilizing superheated steam in steam engines. 
Krauss. Patent injector (with plates). 
F. Beeks. Joints of plates in zinc roofs (with plates). 
Co ppering cast iron. 
L. Ph. Hemmer. Cylinder fulling-mill with a self-acting dis- 
engaging gear. 
Max Vogel. On naphtha, brown. 
Thos. Nagel. Sawing machine. 
On the composition of silicic acid. 
On the construction of lightning-rods. 
Carey. On the resources of the United States. 
A. Daelen. Fire-place (with plates). 
Schiffer and Budenberg. Regulator of steam pressure (with 
plates). 
J. A. Bremen. Etching metals. 
Utilization of dead horses. 
C. Puscher. Glue of glycerine. 


XXVIII. Berg-und [Hittenminnische Zeitung. 
(1866. Nos. 1—8.) 
B. Cotta. Copper and silver ore beds of the Matra Mountains, in 
Hungary. 
Dr. H. Credner, Mineral beds in the United States. 
Siegel. On the saving of timber in the mines of the Upper Harz, 
especially with respect to the new mode of walling 
shafts with iron, 
Rittinger. Buddle with a continuous action. 
E. F. Diirre. Aphorisms on casting. 
J. L. Kleinschmidt. Reduction of fallow ores at the Stephon’s 
Works, in Upper Hungary. 
E. Heberle. On wire-rope transmissions. 
Rachetti’s lead furnace at the Ems Works. 
Transactions of the Freiberg Mining Association (meetings of the 
10th and 24th October, 21st November, 1865; 2nd 
January, 1866), 
Albert Vahlkampf. On the French manufacture of rod iron. 
Oa the invention of Hundt’s rotary buddle. 
L. J. Igelstrém. On the presence of native lead in the beds of 
jron, and manganic ores at Pajsberg, in Wermland, 
Sweden. 





ENGINEERING. 





30, 1866. 


{[Marcnr 











Dr. H. Wedding. The Frederick Leadworks, near Tarnowitz, in 
Jpper Silesia. es 
Blasting a cast-iron cylinder by means of Nobel’s blasting-oil at 
Rothehiitle, on the Upper Harz. ‘ 

Dr. B. Drassdo. On the geognosy of the new beds of ores in the 
neighbourhood of Lbbenbiiren. 

Aug. Breithaupt. Mineralogical studies. 

New stone-cutting machines, 

C. Albert. The Schénebeck Saltworks. 

A. Sjogren. Swedish mode of walling mines (with plates). 
Combined English and Swedish Bessemer furnace on the Ural 
(with plates). 

Utilisation of sulphurous acid (with plates). ; 

H. Stihler. Experiments on the treatment of a heap of poor 
ore containing fallow ore and pyrites of copper by means 
of Hundt’s buddling apparatus. 


VII. Comptes Rendus. 

(1866. No. 10.) 
Reports on prizes (mathematics, astronomy, mechanics, sta- 
tistics, optics, mechanics of heat, physics, physiology, 
medicine and surgery, insalubrious trades, electric 
brakes, cholera, absorption in plants, chemistry, botany, 
general organs) awarded or postponed in 186d. 
L. st of prizes (mathematics and physics) to be competed for in 
1566, 1867, 1869, and 1870. 


XXV. Génie /ndustriel. 
(1866. Vol. xxi.) 
. C. A. Chenot. Manufacture of iron and steel in blast fur- 
naces by a direct process (with plates). 
Ch. Lombard. Turbines with a vertical annular shuttle. 
Armengaud, Essays on the construction of engines. Studies on 
their elements (continuation). 
Tresca. Studies on the flow of solid bodies. 
Ed. Antonissen. Force and lift pump (with plates). 
Clément. Hydraulic counter for measuring the flow of liquids 
(with plates). 
A.C. Joly de Marval. Heating baking ovens and other apparatus 
(with plates). 
J. Pelouze. On aventarine with a base of chrome. 
Official report on the state of France at the end of 1865 
C. Maurand. Putting formes into printing presses. 
1). Chiado. Pyro-hydrogenic furnace (with plates). 
Dollpes-Mieg and Co. Treatment of common guarancine of com- 
merce (with plates). 
Lugand and Bassére. Apparatus for purifying the feed-water of 
steam boilers (with plates). 
Gugnon. Process of neutralising wine. 
Blanquet. Shearing velvet stuffs. 
Monnin-Japy. Heating glass furnaces. 
Frédureau. Parachute and climbing apparatus for mines. 
On the inerustation of boilers. 
Le Gugenheim. Breaking up large pieces of cast iron. 


XXIX. Rerne Maritime et Coloniale. 
(1866. March. Vol. xvi.) 

Extract from the Government report on the state of the French 
Empire, laid before the Senate and the Legislative 
Body on the 27th January, 1866, 

Extract from the report of the Secretary of the Navy of the 
United States, laid before Congress on the Ist Decem- 
ber, 1860. 

General report on the administration of maritime justice during 
the years 1859, 1860, and 1861. 

On the culture and production of cacao in the colonies, 

The French colonies: New Caledonia (continuation ). 

Judicial organisation ¢f Java (continuation ). 

On the commerce and navigation of China in 1864. 

A summary of the laws, decrees, orders, and decisions relating to 
the navy and colonies issued during the year 1865. 

Monturiol. Submarine navigation. 

Doret. Obituary. 

Maritime forces of Peru and Chili. 

L. de Decken. Expedition in the eastern parts of Africa. 

Galibert. Respiratory apparatus. 

Exhibition of fishery and agriculture at Areachon. 

Bibliographical bulletin of the navy and the colonies. 


XXXII. Bulletin du Musée de I’ Industrie. 
(1866. Vol. ixl. No. 1.) 
E. Buxtorf. Knitting frames (with plates). 
Chr. P. Thal. Modifications in Bessemer’s apparatus (with 
plates). 
Palazot. Sinoke-consuming apparatus. 
On tanning and tawing. 
L. Cailletet. On the guses contained in pig ron and steel in a 
state of fusion. 
Subterraneous galleries for gaspipes. 
Adolphe Sax. ‘Tar vaporizer. 
lar vaporizer. 
Simonin. Observations on the pressure and temperature of air 
in certain mines, 
Manufacture of beetroot sugar. 
Paul Gélibert. Perspectometer. 
Gohin, Process of mineralizing teasels for preparing woollen 
stufts. 
C. Jeunet. On the clarifying action of alum on muddy water. 
S. Cloez. Experiments and observations on fat vegetable sub- 
stances. 
Otte. Coppering and tinning iron wire. 
Miller. Composition of cold enamel applicable on stones, metal, 
wood, &c. 
Bethel. Process of preserving timber. 
L. Gruner. On the conglomeration of mineral fuel. 


XXUI. Muster Zeitung fir Farberei, Druckerei, Bleicherei, 
Appretur. 
(1866. Vol. xv. Nos..1—4.) 
Tarlatane dyed by means of aniline blue (pattern). 
Calico printed by means of three colours (pattern ). 
Fashionable English yarn (pattern). 
Machines for printing yarns (with plates). 
Alfred Paraf. Aniline black. 


— — — ———. 





On rough dressing. 
Tarlatane dyed by means of aniline violet (pattern). 

Enxlish woollen yarn dyed by means of silver grey (pattern). 
Zephyr yarn dyed by means of cherry brown (pattern). 

C. Horstmann. Machine for tentering fabrics in drying-rooms 
(with plates). 

On the use of leucaniline for calico printing. 

Orleans dyed by means of chestnut brown (pattern). 

Calico for furniture printed by means of steam colours (pattern). 
Poppy colour of cochineal, acid of sugar, and stannate on zephyr 
yarn (pattern). 

Efficient receipts for dyeing mixed woollen and cotton fabrics, 
Orleans wool and cotton dyed by means of Havannah colours 
(pattern). 

Woollen yarn dyed by means of Hoffmann’s aniline violet 
(pattern). 

Black dye for vicuna (pattern): 

Apparatus for dyeing silk (with plates). 

Brown dye for half-woollen stuffs. 

Joh. Carl Leuchs. Obtaining genuine indigo blue dyes without 


vats. 
Dr. Buchner. On a new red colouring substance from the bark 
of alder buckthorn. 
On aniline black. 
Process for obtaining a new fine colour of copper green. 
On creosote colours, 
Dr. P. Bolley. The Soga-Zoga, or coua bark, as a dyeing sub- 
stance. 


Waterworks RkEseRvorrs.—With all the formalities of 
parliamentary debate, Mr. Ferrand had a private conversation, 
the other evening, with the President of the Board of Trade, these 
honourable members then forming a house of two. Mr. Ferrand 
called attention to the state of the law with regard to waterworks 
reservoirs. During the last twelve years 400 lives had been 
sacrificed, and property to the amount of a million in value had 
been destroyed, in consequence of the neglect of proper precau- 
tions for the public safety; but though the right hon. baronet 
(Sir G, Grey) promised three years ago to bring in a stringent 
measure, the Bill introduced by him last session was credibly re- 
ported to have been drawn by one of the counsel of the Sheffield 
Waterworks Company, and was, as might be expected, very un- 
satisfactory, and the committee to whom it was referred reported 
that large reservoirs were always dangerous. The right hon. 
gentleman had brought in a Bill this session which was equally 
inadequate. At this point in the hon. member’s speech, the 
House, which had been dwindling down for some time previously, 
consisted of Mr. Ferrand himself and Mr. Milner Gibson. 
About a dozen members stogd outside the glass door, and the 
sight of the long tiers of empty benches seemed to afford these 
hon. gentlemen considerable amusement. ‘The President of the 
Board of Trade appeared to “ accept the situation” with resigned 
equanimity; but Mr. Ferrand, stopping short in his arguments, 
said, “ As I find it is the intention of the right hon. gentleman 
opposite to avoid a full discussion of this important subject to- 
night—as he and the Government along with him have treated 
this serious question in a manner which is oppressive to me, 
and insulting to the numerous persons whose lives and properties 
are jeopardised by the state of these reservoirs—I will not pro- 
ceed further. I move, sir, that this House be counted.” Mr, 
Brand, who had entered the House during the short peroration of 
the hon. member, instantly rushed out again to give the alarm, 
and a rather tumultuous influx took place from the dining-rooms, 
the library, and the smoking-room. Several hon. gentlemen 
entered without their hats, and the anxiety was great to prevent 
the count being successful; as, if it were, the House must have 
met next day in order to carry the adjournment over Easter. 
Considerably over forty members were present when the Deputy- 
Speaker began to tell the numbers; but the instant he had > 
clared that the required forty were present, there was a corre- 
sponding eagerness on the part of the hon. gentlemen to return 
to the places whence they had come. But Mr. Milner Gibson 
made reply. He said he thought that the hon. gentleman 
opposite (Mr. Ferrand) was not justified in using the language 
with which he had concluded his speech. He had not the 
slightest intention to be disrespectful to the hon. member. He 
had himself sat and listened to him, but it was not in his power 
to command the attendance of other hon. members. In reply to 
the observations of the hon. gentleman, he begged to state that 
the Government were as much alive to the importance of the 
question as he could be, but it was admitted on all sides that 
considerable difficulties existed in framing clauses in an Act 
which should be applicable in all cases. They had, however, in- 
troduced a Bill referring all existing reservoirs in which power 
was given to the Board of Trade to cause inspection to take 
place either with or without complaint being made, and to order 
— when necessary. The Bill also contained other provisions 
which it was believed would render the reservoirs of the country 
more secure than they now were. The best course would be for 
the hon. member to allow the Bill to be read a second time, and 
then to introduce in committee any clauses further required. 
New River Company.—The {adlowing is an abstract of the 
receipts and expenditure of this company for the past year. 
Receipts: Water rents for houses, trades, watering streets, and 
water sold in bulk, 225,013/. 4s. 8d. ; ground rents and rents for 
land, &c., 8772. 8s. 6d. ; miscellaneous receipts, 59217. 10s. 2d. ; 
appropriation from money borrowed on bonds, &c., for new 
works, extensions, &c., under the company’s Act, 27,5020. 14s. 2d. 
Total, 267,209/. 17s. 6d. Expenditure: Ordinary expenses ol 
repairing and maintaining the works and of collection of revenue, 
106,303/. 4s. 8d.; interest on money borrowed, 38,5921. 6s. 9d. ; 
dividends to proprietors, 82,800/. ; amount carried to contingency 
fund, by way of reserve, 12,0117. 11s. L1d.; purchase of lands, 
&ec., for new works, improvements on river, pipe laying an 
other outlay, 27,502/. 14s. 2d. Total, 267,209/. 17s. 6d. The 
capital, as settled by the Act of 1852, is stated at 1,519, 9986. 5 
additions, 1865 inclusive, 976,5992 17s. 7d. Total capital, 
2,496,5572. 17s. 7d. . 
Warerworks at Lerpsic.—Some very extensive water- 
works are now in course of completion at Leipsic, the pumping 
engines, which are of the “ Bull” pattern, being constructed in 
Germany. Mr. J. Glynn represents Mr. Grissell at the 








Production of minerals in the Zolyerein during the year 1865. 
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THE PORT OF CALCUTTA AND RIVER 
HOOGHLY. 
(Concluded from page 195.) 

Tue several shoals and narrow channels alternatel 
occurring in the bed of the Hooghly river, and which 
were enumerated in a former article, do not by any 
means constitute the only dangers a vessel has to pass 
in going from the sandheads to Caleutta, and vice 
versd; any variation in the tides or in the freshwater 
supply having a tendency to cause the shoals to shift, 
and consequently to effect a change in the position of 
the navigable channels. Besides this, it has long been 
a disputed question whether the Hooghly is not de- 
teriorating as a navigable river. In 1854, Government 
appointed a commission to investigate the matter, 
which, after being occupied for forty-seven days hear- 
ing evidence, tomniasted their sittings by giving diffe- 
rent opinions, two of the commissioners thinking that 
the river had deteriorated, the third thinking that it 
had not: a similar difference of opinion also existed 
among the twenty-six witnesses examined. The fact 
of there being grounds for such a difference of opinion 
leads to the assumption that the deterioration cannot 
be very great, 2s, if it were, there could be no doubt 
about it. 

The earliest useful documents (the Bankshall 
Records) relating to the state of the river date only 
from 1765, although annual surveys had been made of 
it from about thirty years prior to that date. In 1795, 
a second survey in the same year appears to have been 
considered necessary, and thenceforward the two half- 
yearly surveys, coupled with the pilots’ reports, appear 
to have been thougtit sufficient to ascertain any varia- 
tion or impediment in the channels, from which it 
would seem that their character must have been far 
less changeable at that time than it has since become. 
The mode in which those surveys were executed was 
as follows : Three or more English pilot sloops, aecom- 
panied by the Dutch, proceeded down the river abreast, 
sounding as they went; after the day’s work was over 
they anchored, and the pilots compared notes. A joint 
report was then drawn up and forwarded to the Master 
Attendant, who published it to the rest of the pilots 
for their guidance ; and these reports of surveys, made 
in so primitive a style, coupled with the oral informa- 
tion which passe among themselves, were the sole 
guides for the pilots in the navigation of the river. 
The first trustworthy survey of the river dates from 
1836, since which, and up to the present time, full 
information is on cord of all the changes in the river 
channels. 

In 1765 vessels entered the Hooghly by the 
western channel, having 18 ft. at low water, and 
thence into the Coweolly Roads through a narrow gap 
between the head of the Long Sand and Fisherman’s 
Flat, which extended from Cowcolly beach. From 
Cowcolly Roads they proceeded across the river to 
Mud Point by a channel resembling the Auckland 
and Mud Point channels, and thence through one or 
other of the Rungafullah channels, where the naviga- 
tion appears to have fluctuated backwards and for- 
wards very much as it does at the present time. 
Ships loaded at Kedgeree and Idgelee were not 
allowed to proceed to sea at a greater draught than 
18 ft. Gin., whilst now vessels varying from 20 ft. to 
24 ft. draught proceed down from Calcutta almost 
daily. This fact cannot, however, be taken as a proof 
of an improvement by deepening of the bed of the 
river, but is probably mainly due to the improved sur- 
veys and the use of steam power. 

The western channel appears to have gradually 
deteriorated, until in 1773 there was only 16 ft. of 
water in it; in 1776 it had again onde | and was 
In general use until 1792, but from that time it came 
to be more frequented by inward bound than by out- 
ward bound vessels. In 1796 the loss of shipping was 
very great in this channel, and in 1803 it was almost 
entirely abandoned, having become too shoal for any 
vessel over 16 ft.; after this a few small craft used it 
until about 1810, fromwhich period it has been only fre- 
quented by the native coasters. In 1857 the western 
channel was found to have 17 ft.; when surveyed in 
January, 1863, it had altered considerably, eae 

ome narrower, and with only 16 ft. in it. The 

decided gradual deterioration of this channel led to the 
gradual adoption of the eastern or Gaspar channel 
rapees —— {we first tried in April, 1777, when it 
a ; - ae ad 24 ft. least water. This channel, 
the rveye in 1782, was found so preferable to 
oe Previously in use that it became generally 
Pd gery | by outward bound ships, and in 
tn “4 nee 0 the greater depth of water in it the 

aught at which vessels were permitted to leave the 








river was increased to 20 ft. 6in. In 1806 the 
Gaspar became bad, and Thornhill’s channel was dis- 
covered and buoyed; the Gaspar remained closed 
until 1816, when it was re-opened, and the navigation 
afterwards fluctuated between those two channels. 
Little change took place for several years, the Gaspar 
generally having 16 ft. at low water until about 1854- 
1856, when it gave some trouble; after that it began 
again to improve, and has continued to do so up to the 
present time ; it is now a noble channel to the sea, with 
nearly 20 ft. at low water. 

From 1777 to 1836 there seems always to have been 
a channel of communication between Saugor and Cow- 
colly Roads, but its position varied, being sometimes 
further to the northward than at others: it was called 
the “middle channel” up to 1815, and subsequently 
“ Lloyd’s.” In 1777 there were from 13 ft. to 14 ft. 
in this channel, and in 1782 there were 18 ft.; but 
after that it gradually, but irregularly, decreased its 
depth to 9ft. in 1815, when it burst out further to the 
northward, and 17 ft. were found in the new track. It 
then appears to have remained in about the same state 
nntil 1825, when it began to shoal rapidly, so that in 
1827 and 1829 there were only 11 ft.; but afterwards 
the channel again improved for a time. At present, 
and for the first time of which there is any record, 
Lloyd’s channel is not in existence, and there is now 
no channel open to shipping between Cowcolly and 
Saugor Roads. Bedford’s channel, which furnishes a 
direct line of communication between Saugor Roads 
and Mud Point, has only come into use of late years, 
although in charts published in 1794 and 1806 a 
clearly defined channel is shown, having about 15 ft. 
or 18 ft. in it. This route is now adopted by the 
whole of the shipping entering the river, and it pos- 
sesses so many advantages as in a great measure to 
compensate for the loss of Lloyd’s. 

In the Rungafullah channels, reaching from Mud 
Point to Kulpee, the changes have been very frequent 
and considerable. In 1755 the inner channel was in 
use from Channel Creek to Kulpee, and had 18 ft. 
in it; but in 1774 it had become very narrow and 
dangerous, and the outer channel took its place 
for a time; it, however, improved, and came again 
into use from 1776 to 1781; after that the outer 
channel was preferred until 1795, when the inner one 
was again in use, there being too little water in the 
outer; but in June of the following year the outer 
channel was much improved, and preferable to the 
inner; in December, however, of the same year the 
outer channel was so bad that ships could not use it, 
and the inner was so narrow that they could not be laid 
athwart it so as to drop. Those channels have conti- 
nued to fluctuate in a manner somewhat similar to the 
above up to the —— time, and a comparison of their 
pane state with what it was in former years proved 

eyond a doubt that their deterioration has been conti- 
nuous and considerable. This part of the river is, 
perhaps, more subject to change than any other, and 
the aeatinns which occur there have a degree of 
sameness and character of their own. The obstructions 
which form in the Rungafullah channels first make 
their appearance in the upper part, and the sand 
which is deposited has a constant tendency to extend 
its boundary to the eastward, at the expense of the 
upper part of the channel ; but after reaching a certain 
point the action of the ebb tide slices off a portion of 
it, which is then rapidly pushed across the channel, 
and its upper prong joins itself to the Rungafullah 
Sand ; after this it constantly progresses downwards, 
until it generally loses itself abreast of Mud Point. 
Of late years these prongs appear to have been formed 
more frequently, so that one bar has not had time to be 
driven half out of the channel before another has formed 
above it. 

The channels through the James and Mary shoal, 
known by the names of the. Eastern and Western Gut, 
appear, during the earlier years of which there is any 
information concerning them, to have been very change- 
able. In 1755 the Eastern Gut was in use, with 18 ft. 
in it. In 1769 Western Gut was closed; in June, 
1773, it was in use with 18 ft. of water; and in July of 
the following year, there was no Western Gut, but 
Eastern Gut was open, with from 21 ft. to 23 ft. at low 
water; and in 1777 the Western Gut was in in 
use. In July, 1795, the channel was in the middle of 
the river, both Eastern and Western Guts being filled 
up; and in 1826 they were again open, with 24 ft. in 
Eastern and 8-ft.in Western Gut. The same state of 
variation still continues at this point; some parts of 
the sand which separates the two channels are always 
so joined to the banks of the river as to reduce greatly 
the depth of water in both Guts, during the rains: 
when there is a large freshwater discharge down 


the river, it is so joined to the right bank as to quite 
close the Western Gut; but when the freshwater 
discharge is small, the sand is detached from the 
right bank, and is so joined on to the left as to close 
the Eastern Gut. Very often about the time when the 
changes are taking place, both channels are so bad 
that there is sometimes as little as 6 ft. of water in the 
deeper of them, and these changes occur every year 
with but little variation. The channels are best when 
there is a very high flood to open the Eastern Gut 
rapidly and well before the western one becomes 
bad, and when there are very strong spring tides 
soon after the rains have ceased to open up the 
Western Gut rapidly, before the eastern one closes 
much. These are unquestionably the worst shallows 
in the river, both on account of the small depth of 
a in them and the strength of the eddies near 
them. 

From the total absence of any mention of the Roya- 
poor and Moyapoor Flats in the earlier records, it is 
probable that this portion of the river was then in a 
somewhat better condition than at present. They 
both consist of shallows extending across the river 
where the stream crosses from one bank to the other. 
The Moyapoor Flat, besides having but little water 
over it, has a tendency to change its position to some 
extent, shifting down stream during strong freshes 
and moving up again when the flood tides are strong : 
ships have generally to anchor above it, to wait for high 
tide before they can venture past. 

From the foregoing it will be observed that in the 
lower section of the river there exist two classes of im- 
pediment, namely, a want of fixedness in the channels 
and the existence of bars in the channels even while 
they remain fixed. In the upper section the obstruc- 
tions are of a more permanent character, the changes 
which occur being periodical. No actual deterioration 
is yet observable in the channels between Saugor and 
the sea; between Saugor and Mud Point the route for 
shipping, which was formerly on the western side of 
the river, has now changed to the eastern side, and 
Bedford’s is more fluctuating than was the old channel 
formerly in use. Between Mud Point and Kulpee 
there can be no question that the river has become 
worse since 1836, and very much worse than it was in 
earlier times; and from Kulpee to Calcutta it may be 
considered as much in the same state as formerly. On 
the whole, therefore, there is little doubt but that the 
river has deteriorated of late years, and, considering 
the vast amount of silt carried down in its waters, 
which must become deposited in or about its mouth, 
lengthening out the sand heads and thus decreasing 
the scouring power of the stream, and that the lower 

ortion of the river is constantly though slowly widen- 
ing—thus tending to diminish the scouring power 
of the current, aa leaving more room for the channels 
to change from side to side—the nataral conclusion 
would appear to be that it must continue to deteriorate, 
however slowly. The subject is one of very grave im- 
portance to the merchants and shippers of Calcutta, 
and although it is not probable that the Hooghly would 
ever deteriorate to such an extent as to prevent the pas- 
sage of vessels of moderate draught up to Calcutta, 
even were no remedial measures practicable, any 
increase to the difficulties of navigation must tend to 
drive the larger class of vessels away from that river ; 
and when we consider that the general disposition is 
to increase the present size of merchant ships, it is not 
improbable that in a few years laden vessels of the largest 
class may find it actually impossible to reach Calcutta. 
At the same time then that measures are being taken 
to improve, as far as practicable, the present state of 
the Hooghi , the gradual growth and development of 
the new oon auxiliary port for Calcutta, recently estab- 
lished on the River Mutlah, will afford accommodation 
of both a safe and easy access to the probable mer- 
chant navy of the future. 

In addition to the above stated cause, another may 
ere long occur, tending to deprive Calcutta of a portion 
of her trade. The Calcutta Englishman, speaking of 
the necessity for increased harbour accommodation at 
Calcutta, says : “ The railway in a few years will unite 
the north-west with Bombay, and the monopoly of 
the traffic of Bengal which Calcutta now enjoys will 
cease. The two great rivers will probably give Calcutta 
the preference for the cheaper staples ; but the question 
whether Calcutta or Bombay is to become the com- 
mercial metropolis of India will be decided by the 
facilities for export which each affords. Not only mer- 
chants and shippers, but every shareholder of the mu- 
nicipal loan, and all persons who possess property or 
have otherwise sunk capital in Calcutta, are interested 
in this matter. Should Bombay, on the completion of 
the railway, take from us our commercial supremacy, 
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there is no reason why she should not obtain the po- 
litical influence which that supremacy naturally carries 
with it. Let Bombay improve her harbour during the 
next three years, and let Calcutta omit to do so, and, 
before 1876, property in Calcutta will be depreciated 
to a third of its present value, and the revenue of the 
municipality will be unable to pay the interest on its 
loans.” 


EXPANSIVE WORKING. 

Mr. Atien’s letter, which will be found upon an- 
other page, will be read with attention, notwithstanding 
that there are many who believe that nothing new can 
be urged or said for or against expansion. He has, 
however, set out by assuming that traction engines cut 
off only at three-fourths stroke when working, and 
upon this assumption he declares that they waste from 
one-half to two-thirds of their steam. Now the trae- 
tion engines to which he refers carry steam of 100 Ib., 
and did they cut off at three-fourths stroke, they should, 
with an open regulator, ‘maintain a mean effective 
cylinder pressure of at least 75 lb., and we know that 
the single llin. piston makes regularly about 150 
double strokes per minute, ranging from 120 to 200. 
At 150 revolutions, with a piston of this size, we find 
by calculation that for every pound of mean effective 
cylinder pressure we get almost exactly one indicated 
horse power, and for 75lb. we get 75 horse power. 
Without going very far into the question, we may say 
at once that the boilers are unable to supply steam for 
so much power, especially when full steam is worked 
for three-fourths the length of the stroke. Forty horse 
power is about the best the engines can do, and this 
corresponds to 40 lb. mean cylinder pressure at the 
speed named, and, with 100 lb. boiler pressure, 40 lb. 
in the cylinder could only be obtained by throttling or 
by expansive working ; and as the engines have a very 
good if not an excellent expansion gear, in the shape 
of the link motion, we can only conclude that they 
work expansively. Supposing but 841b. of steam to 
reach the piston at the beginning of the stroke, the 
boiler pressure being 1001b., and suppose the steam 
to be cut off at 3in. of a 14 in. stroke, we should have 

84 lb. 
(14 in.—3in.) 
the required 40 lb. mean effective cylinder pressure, with 
nearly 6 lb. over for back pressure and compression. 


x hyp.log.4.66-+ 1 = 45.66 lb., thus giving 





Mr. Allen appears to doubt the fact that railway 
locomotives often work at a six-fold expansion, and 
that for long distances. We have taken many hun- 
dreds of indicator diagrams from express and goods 
engines on the London and Nerth-Western, London 
and South-Western, and the Great Eastern Railways, 
and a six-fold expansion was not uncommon, while a 
four-fold or five-fold rate was very generally main- 








tained. We give above two diagrams, taken from express 
engine No. 284 on the Great Eastern Railway. They 
were both taken in the same notch of the reversing 
lever, but the larger diagram was taken at but 40 re- 
volutions per minute of a 7 ft. 1 in. wheel, while the 


an hour. 


The point of cut off is one-sixth the stroke, 
the initial pressure on the piston being 106 lb. at the 
slower speed, and 120 lb. at full speed. 
The next diagrams were taken from the same 
engine in a different notch, the larger diagram, at 50 
revolutions, giving 105 lb. initial pressure, the smaller 
one, at 200 revolutions, with 102 1b. initial pressure. 
Here the point of cut off is between one-fifth and one- 
sixth the stroke, or exactly 224 per cent, The engine, 
taking an express train, ran for long distances in the 
same notch. 

A further diagram, carefully reduced, as are all the 
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others, from the originals {aken by ourselves, and 
which are now before us, shows a rate of expansion 
greater than six-fold. It was taken at 180 sovlutens, 
and the steam appears to have been cut off at about 
vsths the stroke. The initial cylinder pressure is 
120 lb. 

We give also a pair of diagrams from one of the 
Great Eastern ae engines. The larger one was 
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taken with a heavy train up Colchester Bank; the 
other is one of which a great many, of nearly the same 
form, were taken in running over the easier portions of 
the line. Of course the larger one was taken in full 








1201b. The smaller one shows an initial pressure of 
100 lb., and shows moreover considerable throttling. 
The valve gear of the goods engine is almost identical 
in its dimensions and adjustment-with that of the ex- 
press engine, and we may therefore consider all the 
diagrams we have thus far given as having been taken, 
virtually, with the same link motion. It will be seen 
therefore that the link admits of a wide range of ex- 
a action. The compression is of course a draw- 
yack, and it neutralises to a considerable extent the 
advantage of expansion. Still the compressed steam 
is not lost, but is bottled up at each stroke to act on 
the following stroke, although the work which it per- 
forms in that stroke is not equal to the work expended 
in compressing 1¢. 

Locomotives uow work at pressures of from 120 lb. 
to 160 lb., but.the former is much more usual than any 
of the higher a Traction engines are worked 


such engines acquire confidence, pressures of 120 |b. or 
130 1b. will be adopted. But, in other respects, first- 
class traction engines are already worked under the 
same conditions as railway locomotives, the former 
having the further advantage of jacketted cylinders. 
From what we have shown of locomotive diagrams, it 
is, therefore, going somewhat astray to declare that 
“ traction engines waste from one-half to two-thirds of 
“* their steam.” 

Mr. Allen believes, however, that traction engines 
should always work expansively, and, from what we 
gather, to a fourfold or sixfold rate of expansion— 
when exerting their full power, even at slow speeds. 
If, as we have said on a former oceasion, a non-con- 
densing traetion engine were worked so as to cut off 
at one-sixth when exerting its full tractive or rotative 





other was taken at 260 revolutions, or about 66 miles 





force, it would require to cut off very much earlier 


gear, and the piston received the full boiler pressure of 


at 100 lb., and we have no doubt that as the users of 








when, as is often necessary, but one-half or one-third of 
the full tractive force is required, And if the steam 
expanded down to the back pressure line in cutting off 
at one-sixth, it would of necessity expand more or less 
below it in cutting off at one-eighth, or one-tenth, or 
one-twelfth. The piston wonld thus be working, for a 
portion of each stroke, with a partial vacuum on the 
driving side, and with the full atmospheric resistance 
on the exhaust side. Not only would this resistance 
neutrlise all the gain otherwise due to the earlier 
expansion, but it would require a very heavy fly-wheel 
to keep the engine moving with anything like regu- 
larity. But few engineers will admit the propriety of 
expanding below the atmospheric line, or, at least, 
below the back pressure line, in non-condensing en. 
gines. 

But whatever the rate of expansion, so it does not 
go below the back pressure line, there is no real advan. 
tage which can be urged in favour of compound as 
compared with single cylinders for traction and port- 
able engines. We are not ignorant of the advantages 
claimed for the former. They admit, we are told, of 
greater regularity of motion throughout the stroke, and 
the full pressure steam is not exposed to the tempera- 
ture of the exhaust steam in the low pressure cylinder, 
As for the uniformity of motion, we can cite cases, as 
in that of the Corliss engines, where, with a tenfold 
expansion in a single cylinder, and that, too, with but 50 
revolutions per minute, the motion regulated by a fly 
wheel is sufficiently uniform for spinning. We subjoin 
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diagrams taken from Messrs. Illingworth’s Corliss 
engine, at Bradford. It has a pair of 38 in. cylinders, 
5 ft. stroke, and makes 50 revolutions per minute. ‘The 
pistons, at the beginning of the stroke, have 28 |b. 
effective pressure per square inch, while at half stroke 
the pressure is but 51b., and throughout the last half 
of each stroke the average is but 241b. Yet there is 
no complaint as to irregularity of motion. Here are a 
pair of diagrams from the same engiues since the boiler 
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pressure has been increased to 501b., all our diagrams 
of these engines having been kindly furnished by Mr. 
William Inglis, engineer, of Manchester. The point 
of cut-off here is between one-eighth and one-ninth, 
being nearer, however, to the latter fraction. The total 
effective pressure at the beginning of each stroke is 
about 38 lb., while it is only 9 1b. at the middle of the 
stroke, and during the last half of the stroke the average 
is but about 45 1b. The same engines have been w- 
coupled, and one has been made to do the whole work 
for which both were built. Then the steam was cut 
off at one-fourth stroke ; the total pressure, up to that 
point, including a vacuum in the cylinder of 10} lb., 
was 41 lb. At midstroke it was 19}1b., at seven- 
tenths stroke 13 Ib., at eight-tenths 10 Ib., and at nine- 
tenths 64 Ib. : 
While we are upon this subject of expansion in a 
single cylinder, we will give a pair of beautiful dia- 
grams (except fora little over-expansion) taken by Mr. 


me {4 
| 


2 


> 7 





Hike : “BS o. -orking 
Inglis from a non-condensing Corliss engine, W oe 
at Messrs. Benjamin Hick and Son’s, of Bolton. 
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engine has a 24 in. cylinder and a 3 ft. stroke, and is 
worked, with 501b. boiler pressure, at 55 revolutions 

er minute. The valves are upon the Corliss principle, 
improved by Mr. J. F. Spencer ; and the induction valves 
are closed at a pointin the stroke varying with the 
work to be done, this point being determined by the 
governor, which in this case is Standfield’s, of which 
Messrs. Hick and Son are the makers. One of the 
diagrams shows a slightly wavy expansion line, due 
most likely to water in the indicator. The right hand 
expansion line is almost perfection, only it falls about 
1} lb. below the atmospheric line. The piston takes 
steam admirably on each side, and to the extent of 
464 lb., or within 34 1b. of the boiler pressure, main- 
taining this in full to the point of cut off, which is 
about at the th of the stroke, or (say) 134 per cent., 
the closing of the steam valve being almost instan- 
taneous. Here there are but 6b. pressure at half 
stroke, while at, three-fourths stroke all the pressure 
is gone, and a slight resistance encountered in the 
form of a partial vacuum, due to over-expansion. 
There is no back exhaust pressure, however. For a 
non-condensing engine, it is hardly possible to conceive 
a more beautiful diagram, but for the slight over-ex- 
pansion. Thesteam is made to do all it possibly can do 
without a condenser; yet all these engines work 
regularly, and are indeed in favour for work requiring 
especial regularity of motion. 

With a high rate of expansion, a large total pressnre 
must be exerted at the beginning of the stroke; in 
other words, with a given initial pressure per square 
inch a larger cylinder must be employed. The propor- 
tionate enlargement to obtain a given total power 
must be greater also in the case of non-condensing 
engines. ‘Taking the non-condensing engine already 
instanced as cutting off at =1,th stroke, it will be found 
by calculation that were the steam worked at full 
stroke, a piston of almost exactly one-fourth the area 
or one-half the diameter would suffice, although were 
the engine worked in connexion with a condenser 
giving a perfect vacuum (supposing such a thing), the 
ratio of the necessary piston area for the same total 
power would be as 74 to 30. 

It is a common and a just objection to highly expan- 
sive engines, that the cylinder must be made much 
larger, and the working parts proportionally stronger, 
than where the steam is hase ah at full stroke; and the 
cost of an engine follows a certain proportion to the 
size of its cylinder, and so‘does the wear also. This 
objection is only increased by making a compound 
engine, and performing the whole of the expansion in 
the low-pressure cylinder. The latter must then be of 
the same size as the single cylinder, working the steam 
to the same degree of expansion, and the initial blow 
of the steam upon the working parts will be the same. 
But the saving by expansion is to be looked for in the 
boiler. In cutting off in a condensing engine at 7th 
of the stroke, and supposing a perfect vacuum on the 
exhaust side of the cylinder, only one-third as much 
steam should be required for a given total power as 
would be necessary if the same steam were worked, in 
a smaller cylinder, for the whole stroke. But for a 
non-condensing engine, even supposing no back pres- 
sure, the amount of steam required at ordinary pres- 
sures would be about one-half that required if the 
same power were had from steam worked at full stroke. 
This is making no allowance for the steam in the 
clearance at the ends of the cylinders and in the ports, 
and it supposes the steam to contain no water in sus- 
pension to evaporate towards.the ends of the stroke. 

We shall be glad to find makers of traction and 
portable engines pushing home the question of expan- 
sion, although we have no expectation that they will 
Save any great amount of fuel as compared with the 
present practice. We are the last who would seek to 
check improvements ; indeed it is a leading purpose 
with us in carrying on this journal to stipulate im- 
provements In every proper way; but with respect to 
expansion, no one, we think, can say anything new of 
it, and hundreds of engineers have carried it out in 
poate. Where the resistances are very irregular, 
lowever (and they can hardly be more so than in the 
case of traction engines), it is more than doubtful 
whether the engine should be adjusted to cut off at, say, 
one-sixth the stroke when doing its maximum work. 
It would thus require a very much larger cylinder and 
very much heavier working parts than if at such times 
the steam was worked at full stroke. But, although 
“4 save slzendy given much space to the consideration 

wus subject, we may say that but little real pro- 
~<a made in its useful discussion in connexion 
action engines, until we have indicator diagrams 


and careful records of working from engines of different 
sizes, and worked variously at different degrees of ex- 
There is 


pansion, no branch of steam engineering 








which is more barren of accurately observed and re- 
corded data than that branch which includes portable 
and traction engines. As the obstacles against which 
the makers of traction engines have had to contend 
are gradually removed, we hope that they at least will 
find time to give to the whole question the attention it 
deserves. 





PERKINS’S STEAM OVEN. 

On Monday last a trial was made at the works of 
Mr. A. M. Perkins, Seaford-street, Regent-square, in 
the presence of some of the principal officers of the 
Commissariat Department, of a new portable steam 
oven, constructed by Mr. Perkins for military pur- 
poses. The oven consists of a casing of a Q form, 
10 ft. 7 in. long outside, 9 ft. of this length being occu- 
pied by the oven proper, and the remainder by the 
furnace and the division wall between it and the oven. 
The casing is made double, being formed of two shells 
of sin. wrought-iron plates placed 2 in. apart, and the 
ere between the sliells is filled in with vegetable 
black to prevent radiation, which it does most effect- 
ually. The oven is heated by twenty-four water tubes, 
10 ft. 3 in. long, 1,5, in. diameter outside, and 7 in. bore ; 
twelve of the tubes are placed under the false bottom, 
and twelve along the top of the oven. The tubes are 
inclined downwards towards the furnace, into which 
one end of them projects 9 in., the twelve lower tubes 
forming the firegrate: “they are filled with water for 
3 ft. of their length, and then have their ends welded 
up so that no evaporation can take place. Similar 
tubes have been long successfully employed by Mr. 
Perkins for heating purposes, and some which had 
been in use for upwards of nine years have been re- 
cently opened, and found to contain the same quan- 
tity of water as was originally placed in vat 
When heat is applied to these tubes, steam of a 


high ger is of course found within them, 
and the tubes thus become of an equal tempera- 


ture throughout their length. In the case of the 
oven forming the subject of the present notice, the 
heat transmitted to it by the tubes is found to be uni- 
form in all parts. Above the furnace, and surrounding 
the short chimney leading from the top of it, is placed 
a copper boiler: this absorbs some of the waste heat 
from the furnace, and gives a good supply of hot water. 
The oven is fitted at the end farthest from the furnace 
with a pyrometer for indicating the temperature, and 
glazed sight-holes for watching the process of baking, 
and the whole apparatus is carried upon four wheels, 
and is intended to be drawn by two horses. The oven 
tested on Monday is capable of baking at one time 
eighty “three ration” loaves, each weighing 33 lb. ; 
the time required for heating the oven for baking being 
only one hour, and the time occupied in baking each 
charge being two hours. About 60]b. of coke are 
used per day for working the oven, and the bread 
baked in it is found to be slightly heavier, for the same 
weight of dough, than that baked in an ordinary oven, 
a result ascribed to the uniform temperature of the oven 
not destroying the saccharine matter of the bread. The 
weight of the whole apparatus complete is a little 
under 38ewt. Another oven, made by Mr. Perkins 
on the same plan, is now in use at Aldershott, and is 
working very satisfactorily ; in that tried on Monday, 
however, several improvements have been made, and 
the weight has been materially reduced. This portable 
oven appears to be a very great improvement upon 
that now used, and there seems to be no reason why 
it should not be extensively employed for military and 
naval purposes, as well as in a modified form in other 
situations. 








SoutH WEsTERN AND LupGaTEe-HILL Rartway.—On 
Tuesday last the connecting line between the Metropolitan 
Extension (Ludgate-hill) of the London, Chatham, and Dover 
tailway and the Clapham junction of the South Western Com- 
pany was opened for public traffic. The first train was started 
trom the new station at Kingstow, under the supervision of Mr. 
W. Godson and Mr. W. M. Williams, the passenger superinten- 
dent of the South Western Railway, at 8 o'clock, and reached 
Ludgate-hill at 9.5, passing on its route the Richmond, Clap- 
ham Junction, Brixton, Camberwell New-road, Elephant and 
Castle, and Blackfriars-bridge stations. The earliest down 
trains left Ludgate-hill at 9.10 a.m., under the management o 
the officials of the London, Chatham, and Dover Railway, and 
by the same route arrived at Kingston at 10.29, There are 15 
trains each way daily, all of which are first, second, and third 
class. Only ten up and down trains, however, run from Lud- 
gate-hill to Kingston and vice versd, the rest simply performing 
a service between the City and Clapham Junction, ‘There will 
be no Sunday trains over the new line during this month. 

Borter Exp.ostons.—At least seventeen boiler explosions, 
attended with the loss of seven lives, and the injury of a con- 
siderably larger number of persons, have been reported in the 
United Kingdom, in the three months of January, February, 
and March. In nearly all, if not all, these cases, the boilers 
which exploded were not under the inspection of any association 
or staff of disinterested engineers. 
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INSTITUTION OF CIVIL ENGINEERS. 

Ir has long been felt that the Institution of Civil 
Engineers was outgrowing the house No. 25, Great 
George-street. There are. now upwards of 1200 
members and associates, and: the lecture - theatre is 

iryJaffords altogether in- 
sufficient accommodation, which is still more apparent 
upon the occasion of the President’s pa. con- 
versazione. And the Secretary’s offices are by no 
means sufficient for their purpose. 

At the last general meeting a ‘resolutiou was 

unanimously passed that “ the new council be re- 
“quested to mature a plan for providing additional 
accommodation for carrying on the business of the 
institution, and to report to a special general 
meeting at the first opportunity.” 
The council have given the whole subject much at- 
tention, and they now recommend the purchase of the 
fine site, Nos. 15 and 16, Great, George-street, the 
latter being the hous¢ of! Mr. “Bateman, and in full 
view of the Houses of Parliament and Westminster 
Abbey, and upon this site the cénncil furtherrecommend 
the erection ‘of an-‘entirely new building. The two 
houses ‘proposed to be'-purchased cover an area twice 
that of the present house of the institution ; the 
situation is. we think preferable to any other in 
Westminster, which is of course equivalent to saying 
any other in the metropolis; and the new house, if 
sanctioned and built, will have the singular advantage 
of three open frontages. 

The outlay for acquiring the freeholds and erecting 
and furnishing the proposed building has been very care- 
fully estimated at 66,0007. The funds of the institu- 
tion, taking those only which are available for building 
purposes, amount, together with the value of the un- 
expired term of the lease of the present premises, to 
20,3227. The institution, moreover, now possesses an 
annual surplus of 800/. over its expenditure, and upon 
this and the saving of 375/. rent of the present house 
the Council consider that 16,000/. might very prudently 
be raised upon mortgage. The members will, we be- 
lieve, have an early opportunity of deciding this point, 
as well as that pi fi“ of providing accommodation 
in keeping with the growing importance of our pro- 
fession. Should a mortgage for 16,000/. be sanc- 
tioned, there would be left to be raised by subscription 
30,0007. ; and if the idea of a mortgage be rejected, the 
required amount would be 46,000/. 

n the meantime several of the leading members of 
the institution have come forward in a manner which 
leaves little doubt of the whole of the requisite sum 
being raised. Mr. Fowler, Mr. Hawkshaw, and Mr. 
McClean have each promised 2000/., and Mr. Brunlees, 
Mr. George Robert Stephenson, and Mr, Vignoles 
have each promised 1000/. Then there are Mr. 
Abernethy, Mr. W. H. Barlow, Mr. Bateman, Mr. 
Bramwell, Mr. Cubitt, Mr. T. E. Harrison, Mr. 
Hemans, Mr. H. A. Hunt, Mr. Kelk, M.P., Mr. 
H. Robertson, and Mr. Siemens, who have each 
promised 500/., and, in all, thirty gentlemen have 
acon 16,400/., besides other sums which have 
een promised annually, With sucha beginning, none 
can doubt the result, upon which we feel we may al- 
ready congratulate the profession. 
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Our Exports —The declared value of our exports for the 
month of March reaches the extraordinary sum of 15,116,0632., 
being an increase of 3,740,389/., or about 33 per cent. over that 
of the corresponding month of last year, and 24 per cent. over 
February, 1864. Nearly all branches of business appear to have 
shared in the activity, but the greatest proportionate augmenta- 
tion has been in cotton goods, our shipments of cotton yarn 
having been more than double those of the same month of the 
two preceding years, while in cotton manufactures the increase 
has been about 40 per cent. Iron, which in the same month of 
last year showed a falling off of about 45 per cent., now exhibits 
a recovery of 85 percent. Of machinery our exportations have 
been 20 per cent. less than in the same month of last year. As 
regards importations, the principal feature is that we have taken 
about three or four times as much wheat and flour as in February, 
1865, the chief arrivals having been from Russia and France, 
those from the United States being insignificant. Of cotton the 
quantity brought in was 780,178 ewt. against 660,337 in 
February, 1865, the total from the United States being 344,878 
ewt. against 5719 ewt. last year. 

Tue Favourire.—This vessel, built from Mr, Reed's de- 
signs, has attained an unusually high coefficient of form in her 
recent trials. She has the 400 horse engines exhibited by 
Messrs. Humphrys and Tennant, in the Exhibition of 1862, and 
a four-bladed Mangin screw. On her trial of March 11, she 
had a displacement of 8169 tons, and an immersed midship 
section of 770 square feet. The indicated horse-power was 
1772, and the speed 11.825 knots. By the midship formula, 
this gives a coefficient of 718; while the displacement for- 
mula gives 201. The coefficients obtained on the full power 
trial of the Warrior were respectively 659 and 231. Ona 
previous light draught trial with a displacement of 2628 tons, 
an immersed mid settion of 658,89 square feet and 1574 in- 
dicated horse-power, a speed of 11.819 knots was made, giving 
coefficients of 690 and 200 respectively. 
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In almost all gasworks, exlausters are now employed to relieve 
the retorts of the pressure which would otherwise be = 
upon them by the water joints through which the gas has to 
pass, this diminution of the pressure in the retorts, more espe- 
cially where these are of clay, materially lessening the leakage. 
Exhausters are merely pumps, some, such as Anderson’s, being 
reciprocating, and others, such as Jones's and Beale’s, rotary ; 
the latter are most generally employed. 

The engravings which accompany the present notice represent 
one of Beale’s rotary gas exhausters, as made by Messrs. J. 
Burton, Sons, and Waller, of Southwark. This exhauster, 
which is intended to pass 20,000 cubic feet of gas per hour, con- 
sists of an outer cylinder, 1 ft. 10 in. in diameter and 1 ft. 54 in. 
long, cast open at both ends. The inlet and outlet passages, 
which are cast in one piece with it, are 7 in. square where they 
enter the cylinder, and are enlarged to 9 in. in diameter at their 
mouths to which the pipes are attached. The ends of the cylin- 
ders are closed by covers having holes in them, through which 
the trunnions of a cast-iron drum pass. This drum is of such 
a diameter that its sectional area is equal to half that of the 
external cylinder, and it is placed, as shown in Fig. 2, so that it 
can revolve just clear of the bottom of the outer casing. The 
drum is made with two slots in it, to which slides are carefully 
fitted, these slides being drawn out of and pushed into the drum 
by means of pins formed on them, which enter steel segments 
working in annular grooves formed in the end covers of the outer 
cylinder, The slides are Jin, thick, and the ends which bear 
against the inner surface ot the cylinder are titted with T-shaped 
packing pieces of cast iron pressed outwards by springs. ‘The 
steel segments are 2 in. wide and 4 in, thick, and - each ex- 
tend round about one-third of the circumference of the groove. 
They are shown in section in Fig. 1, and in elevation in Fig. 2. 
The trunnions of the drum have bearings 4 in. long and 33 in. 
in diameter; these revolve in boxes, each containing twenty 
gun-metal rollers; a transverse section of one of these bearings is 
given in Fig. 3. One of the roller boxes is closed at the end, and 
the other is furnished with a stuffing box through which an ex- 
tension of one of the trunnions passes, as shown in Fig. 1. The 
part of the trunnion which passes through the stufting box is 
reduced to 3 in, in diameter, and is generally furnished at its 
end with a coupling for connecting with the short wrought-iron 
shaft upon which the belt pullies or gearing for driving the ex- 
hauster are fixed. With large-sized exhausters 4 small but 
heavy flywheel is generally placed on the shaft just mentioned, 
in order to overcome the unequal motion caused by the weight 
of the slides when passing the centres. Two of the largest 
exhausters of the class above described, yet made, are at work 
at the Commercial Gasworks, Stepney, and two other large ones, 
made to pass 150,000 cubic feet of gas per hour, are fixed at the 
new works of the London Gas Company at Nine Elms. The 
external cylinders of the two exhausters last mentioned are each 
4 ft. in diameter and 4 ft. 9 in. long, the drum having, as in all 
cases, one-half the sectional : rea of the outer cylinder. We may 
mention here that this form of exhauster, which has probably 
been more extensively used than any other, was invented by Mr. 
Beale, of Greenwich, and was first designed and employed by 
him for a rotary engine. Several engines constructed on this 
principle have been set to work at gasworks and elsewhere. Our 
engravings were prepared from drawings kindly furnished by 
Messrs. .J. Burton, Sons, and Waller. 

= = = 

Sreer Grapients.—The Dom Pedro II. Railway, of Brazil, 
has a long tunnel through the serra which separates Rio de 
Janeiro from the river Parahyba.. During the construction of 
this tunnel the traffic was regularly worked over a temporary 
line, having gradients of 1 in 18, and curves of a minimum 
radius of 230 ft., or 3} chains. ‘The tank engines employed 
were made by Messrs. M. W. Baldwin and Co., of Phila- 
delphia, U. S., and had eight coupled wheels, and their weight 
was 28} tons. They drew up the inclines, at slow speeds, two 
English and two American passenger carriages, one luggage van, 
and one break van, the whole weight drawn by the engine being 
75 tons. The gravity of the whole weight on the inclines would 
thus be 12,880 Ib., and the whole resistance to traction would be 
about 14,500 lb. Weare unable to give the dimensions of the 


engines, but supposing 100 lb. of mean effective cylinder pressure 
to be maintained, a total resistance of 14,500 lb. would correspond 
nearly to 17 inch cylinders, 23 in. stroke, and 3 ft. 7 in. wheels, 
and Messrs. Baldwin and Co., as we know, have a special pattern 
of engines of these dimensions, largely used in the States. 
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THE LIBRARY OF THE INSTITUTION. 

Now that the library of the Institution of Civil 
Engineers has been opened for evening reference, a 
complete catalogue is the more desirable. The library 
now contains upwards of 5500 volumes of books and 
more than 3200 pamphlets, the latter classified and 
bound. The first part of a catalogue of the books 
then accumulated was prepared twenty-five years ago, 
and ten years later, appeared a new catalogue, in which 
not only the authors’ names but the subjects treated 
of were given with numerous cross references. This 
catalogue, prepared by Messrs. Manby and Forrest, had 
long since become in a measure superannuated, and 
the necessity for a new and pooner 3 arranged work 
was felt some years ago. Such a catalogue has just 
been issued as an octavo volume of 378 pages. A 
transcript of the title-page of each work is given in 
full, with the place and date of publication, and in 
most cases references are given to all other works in 
the library upon the same subject. As a catalogue, 
perhaps, nothing could be better, and it is only to be 
regretted that the library is so small. Yet it comprises 
most books upon civil engineering, and it contains 
many others upon collateral branches of the profession, 
although it is wanting in many published works upon 
shipbuilding, upon telegraphs, and agricultural machi- 
nery. ‘The preface records the fact that engineers are 
now more inclined than formerly to describe their own 
works, and generally to contribute to the permanent 
literature of the profession. We believe this to be so, 
and we indeed believe it to be quite time that engi- 
neers should communicate what they are doing, instead 
of confining themselves wholly to practice, and with- 
holding everything relating to it from others. 


Mr. Pratt, M.P.—In the debate upon the Reform Bill, Mr. 
Platt stated that his firm employed about 5000 adult males “in 
one of the most important branches of mechanical enterprise” — 
the manufacture of cotton and woollen machinery. Of these 5000 
adults only 69 had votes, and but 35 of these could be considered 
as properly belonging to the artisan class. With 85 voters out 
of 5000 adult males, who were among the most intelligent and 
best paid workmen in this country, it could hardly be said that 
the artisan class was over-represented in this country. Taking 
the borough with which he was connected (Oldham), the results 
would be found very much the same. The population was 
107,000, and the voters upon the register were 2229. Of the 
latter, only 150 belonged, properly speaking, to the working or 
artisan class. That he took to be a fair sample of the modern 
manufacturing towns in the north of England. Having had an 
experience of upwards of thirty years of the working class, he 
could say that, although it was quite true they had their failings, 
as well as any other class, he had no fear whatever of them. He 
was aware that there was one thing that frightened many 
employers and manufacturers—viz., the trades unions; but in 
regard to that point he took a different view from some persons. 
They would place more responsibility on the workmen by giving 
them votes and teaching them political economy in a practical 
sense; and by that means they would reduce the numbers who 
joined trades’ unions. Moreover, during the last 15 or 20 years 
an advance had been made by those bodies. Formerly many of 
them had very restrictive laws, but since then some of the most 
important and most intelligent of them, and among others, the 
Amalgamated Society of Engineers, had abolished all their re- 
strictive laws, and converted themselves into simple benetit 
societies; after which their employers had had no further 
trouble. 

AppiTionaL RotiineG Stock ror THE GREAT EASTERN 
RatLway.—The directors of the Great Eastern Railway have 
just advertised for tenders for the manufacture of some new 
rolling stock, viz., 100 third-class carriages, 70 horse boxes, and 
20 carriage trucks. This looks like increasing business, 
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Tue Larest INTELLIGENCE. (From The Engineer, of 30th 
ult.)—“ The greater proportion of our readers no doubt imagine 
that the embankment will constitute a magnificent street or 
promenade, extending from Westminster to Blackfriars, if not 
to London-bridge, bereath which will run a main sewer, a sub- 
way, and a section of the Metropolitan District Railway. Unless 
some change is effected on existing arrangements, we much fear 
that this just and reasonable expectation will be disappointed. 
Our readers will hardly credit the statement that the railway is 
to be carried from Westminster to Hungerford, at all events, in 
open cutting, through the very best part of the embankment. 
Yet the fact is even so; and we hasten to enter our protest 
against a scheme which cannot fail to destroy the beauty as well 
as the utility of what should be one of the finest terraces in 
Europe. The Thames embankment was certainly not con- 
structed to hold an open cutting, and we feel certain that were 
the real facts of the case known, steps would be taken to save it 
from such a desecration. The people of London have heard from 
the first that the Metropolitan District Railway was to rua 
beneath the roadway of the embankment, and, but for thean- 
nouncement now made by us, the belief in the underground 
character of the line might continue to exist until it was rudely 
dispelled by the actual construction of the open cutting. It is 
urged, we believe, in defence of this admirable scheme, that there 
will be only 16 ft. of headway available between the surface of 
the roadway and the rail tables. Deducting 2 ft. 6 in. from this 
for the thickness of a covering arch, or the depth of girders and 
clearance, there is still left an available height of 13 ft. 6 in. for 
the rolling stock, even less than which should be sufficient for 
engines specially designed. We have taken the measurements 
given above from the drawings of the new line, which show a 
very handsome parapet or balustrade on either side of the cutting, 
which is removed about 100 ft. from the river front. Whether 
the presence of such a cutting worked by five minute trains is or 
is not likely to affect the value of house property on the embank- 
ment we leave others to judge. We have placed a simple state- 
ment of facts before our readers, and we trust that energetic 
steps will at once be taken to ascertain why such a departure 
from the original design has been permitted. It is, in many 
respects, a direct breach of faith with the people of London, and 
in any case an open cutting should only have been adopted as a 
last resource, and after careful discussion. As far as we can 
learn, however, the point has never been discussed beyond the 
engineer's office (qy., 163, Strand?), and The Engineer is the 
first journal to make the real facts known. We trust that we 
shall tind them promptly acted upon.” ! ! !—Vide page 221. 

A Borter Expiosion PREvENTED.—In the last report of 
Mr. Fletcher, the chief engineer to the Manchester Association 
for the Prevention of Steam Boiler Explosions, he says: ‘ The 
dangerously misshapen furnace crowns re‘erred to in the table 
deserve attention. ‘They were discovered on the first flue exami- 
nation of a boiler lately enrolled with this association, and show 
the importance of periodical inspection. Both furnace crowns 
were found to be depressed just over the fire, the left-hand one 
3in., and the right-hand one an inch and seven-eighths ; while 
this depression continued to about the mid length of the flue 
| tubes, where it died out. Until this distortion of the furnace 
| crowns was pointed out by our inspector, it was quite unknown 
to the manager of the works and to the engineman in charg 
the boilers. Indeed, our inspector had some difficulty in con- 
vincing the latter of the trath of his report, and only succeed 
in doing so on showing him the actual measurements. As soon 
as the manager was made aware of the condition of the boiler, 
he gave orders that it should not be worked again until repaired 
and strengthened, and this is now in hand; but as the furnaces 
were as much as 3ft. in diameter and 34 ft. long, while they 
were not strengthened with encircling hoops or in any other te 4 
although made of plates only three-eighths of an inch in thic “ 
ness, und worked at a pressure of 52 Ib. per square inch, it 18 & 
matter of considerable congratulation that explosion ~ - 
happen before the distortion was detected, and the boiler laid off. 
And inasmuch as these injured furnace crowns were met with, 
not at a small factory, at which a common stoker was appoin S 
to the double duty of looking after both boiler and engine, but ab 
a large mill, having a series of four double-furnace Lanter 
boilers, under the charge of an engineer, it shows the a re 
of periodical inspection even at well-appointed — and the 
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THE THAMES EMBANKMENT. 


(For Description, see Page 219.) 
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ENGINES ON 
RAILWAY. 

We gave in our last week’s number an account of 
the engines recently constructed by Mr. William 
Adams for the North London Railway, and we shall 
now describe the engines used for working similar 
passenger traffic on the Metropolitan line. On the 
Metropolitan Railway the narrow-gauge engines, which 
are all of the same class, are outside cylinder tank 
engines, having two pairs of coupled wheels and a four- 
wheeled Bissell’s truck or bogie, and are made with 
special arrangements to suit them for underground 
traffic. The principal dimensions of one of these 
engines are as follows: The coupled wheels are 5 ft. 
9 in. in diameter, and are placed at a distance apart of 
8 ft. 10 in. from centre to centre, the centre of the 
driving wheels being 1 ft. 6 in. in front of the firebox 
casing. The diameter of the bogie wheels is 3 ft., and 
their centres are 4 ft. apart, the bogie pin being mid- 
way between them. The tyres of the driving and 
trailing wheels are 54 in. and those of the bogie wheels 
5 in. wide: they are all made of Krupp’s steel. 
The wheel seats of the driving and trailing axles 
are 8 in. in diameter, and the bearings 7 in. in dia- 
meter and 8 in. long. ‘The trailing axle is 6} in. in 
diameter between the collars of the bearings, whilst in 
the case of the driving axle the diameter of 7 in. is main- 
tained for those portions of the axle which form the 
seats of the eccentrics, the part between the eccentrics 
being reduced to 64 in. in diameter. The bearings are 
3 ft. 10} in. from centre to centre, and the axle boxes 
are of cast iron with brass bearings. The leading or 
bogie axles are 5} in. in diameter at the wheel seats, 
and 44 in. between the bearings. 

The barrel of the boiler is made of +, in. plates ; it 
is 4ft.in diameter inside the largest plate, and 10 ft. 
3in. long, and the centre line is 6 ft.7 in. above the 
rail level. The firebox casing is 6 ft. 7 in. long out- 
side ; the top of it is made flush with the barrel of the 
boiler, and the width at the bottom is 3 ft. 6,in. The 
back and front plates are }in. thick, and are flanged 
over to join the side and top plates and the barrel of 
the boiler. The inside firebox is 5 ft. 9} in. long 
inside at the top, and 6 ft. at the bottom, where it is 
3 ft. 2in. wide. The height is 5 ft. 5} in. in front and 
4 ft. 11} in. at the back, the firebars being slightly in- 
clined. It is formed of } in. plates, with the exception 
of the tube plate, which is Zin. thick at the upper part 
and } in. thick below the tubes. The roof stays are placed 
longitudinally, and are well supported by two rows of 
sling stays attached to double angle irons fixed to the top 
of the firebox casing. The firegrate area is 19 square feet, 
and the firebox heating surface 101.26 square feet. The 
boiler contains 166 tubes, 10 ft. 6 in. Soo and 2 in. 
in diameter outside, these giving a heating surface of 
912.63 square feet, and making the total heating sur- 
face amount to 1013.84 square feet. The smokebox 
tubeplate is connected to the barrel by an angle iron 
ring and the lower part of it is also connected by an 
angle iron to a strong plate stay between the frames. 
The steam dome, which is 1 ft. 9 in. in diameter and 
2 ft. 54in. high inside, is fixed at a distance of 1 ft. 
11 in. from the front end of the boiler, and the safety 
valves are placed on the top of it. The regulator, 
which is an ordinary gridiron valve, is placed within 
the steam dome. A manhole, with a — ring, is 
formed at the top of the firebox casing. The chim- 
ney is 11 in. in diameter at the bottom and 14} in. 
at the top, and is surrounded by a casing fitting 
closely to it at the top, and 16} in. in diameter at the 
bottom. A flap valve fixed toa shaft within the smoke- 
box, and worked by a leves and rod from the footplate, 
is fitted to the lower end of the chimney, so that the 
latter can be entirely closed when the engine is in the 
tumel. The ashpan is also fitted with closely fitting 
dampers at each end. 

The cylinders are 17 in. in diameter, with a stroke of 
24 in.; they are placed at an inclination of 1 in 9, the 
distance from centre to centre being 6 ft. The ports 
are 14in. long, the steam ports being 1% in. and the 
exhaust ports 23 in. wide. The »istons are of east iron, 
with brass packing rings; and the piston rods, which 
are 2$in. in diameter at their parallel portion, are en- 
larged and tapered where they pass through the pistons 
and are secured by nuts on the front side. The piston 
rods are cottered into the crossheads, and these latter 
are of the form generally used for inside cylinder engine, 
ach working between two pairs of guide bars. The 
guide bars are 3} in. wide, and the crosshead blocks 
are 10in. long. The connecting rods are 6 ft. 3}in. 


long from centre to centre, the crosshead bearings being | 
2} 1m. in diameter and 3in. long, and the crank pin 
bearings 4} in. long and 4 in. in diameter. 


The crank. 





pin bearings for the coupling rods are 3 in. in diameter 
and 3in. long, and the crank pins have loose collars 
secured by pins at their outer ends. The valve gear 
consists of Allan’s “ straight link” motion, the eccen- 
tric straps being forged solid with the rods and fitted 
with brass liners, and the valve spindles, which are 
14 in. in diameter, being placed at a distance of 2 ft. 
104in. apart from centre to centre. The exhaust 
pipes from the cylinders, in addition to being led toa 
nozzle below the chimney in the usual way, are fur- 
nished with branch pipes which lead along each side 
of the engine to the tops of the pair of wing tanks in 
which the feed and condensing water is carried. The 
exhaust pipes are fitted with valves worked by arms 
fixed to a shaft which is placed across the front of the 
smokebox, this shaft being furnished with another arm 
connected with a rod leading to the footplate; by 
means of these valves the exhaust steam can either be 
directed to the blast nozzle or into the pipes leading 
to the tanks, where it is condensed. When the engines 
are in the tunnel, the whole of the exhaust steam is 
thus directed into the tanks, and the arrangement, 
which forms one of the principal features of the engines, 
is found to work exceedingly well. We had an op- 
portunity some time ago, through the kindness of Mr. 
Robert H. Burnett, the locomotive superintendent of 
the line, of taking a number of indicator diagrams 
from these engines, and we found that when the con- 
densing arrangement was in use, there was no back 
pressure against the pistons up to the point of com- 
pression. The blast nozzle was originally 44 in. in 
diameter, but has now been enlarged to 5 in. 

The engine frames are placed at a distance apart of 
3 ft. 104 in. from centre to centre ; they are 1 in. thick 
for the main part of their length, but are thickened 
where they form the driving and trailing hornplates, 
Their total length is 28 ft. 64 in. ; they project 4 ft. in 
front of the centre of the bogie pin, on 5 ft. 94 in. 
behind that of the trailing wheels. The least depth of 
the frames between the driving and trailing hornplates 
is 1ft. 4in., and between the driving hornplates and 
the cylinders 1ft. 73in. In addition to the buffer 
plates, there are- transverse plate stays between the 
frames at each end of the smokebox, in a line with the 
trailing end of the motion bars, in front of the firebox 
casing, and under the footplate at the trailing end; 
there is also a wooden buffer beam at the leading end 
of the engine. The driving and trailing rubbing pieces 
or axle-box guides are forged solid with the frame, 
which is at those points thickened to the width of the 
rubbing pieces, or 6in., throughout its whole depth. 
The frame of the Bissell bogie is composed of two plates 
placed at a distance apart of 3 ft. 1} in., and united by 
transverse plates 9}in. deep and 2ft. apart. The 
motion of the bogie or truck is controlled ' a radius 
bar 6 ft. Sin. long from the centre of the front bogie 
pin to the centre upon which it works, this last-men- 
tioned centre being 3 ft. 3 in. in front of the centre of 
the driving wheels. The radius bar is composed of a 
plate fastened to the top of the transverse frame plates 
of the bogie, and stiffened by a T iron on the upper 
side; at the trailing end this T iron is forged into a 
double eye, which embraces a horizontal plate stay 
9 in. wide, carried across between the engine frames, 
the centre pin passing through this stay and the double 
eye. The inclined planes, through which the weight of 
the leading end of the engine is transmitted to the 
bogie, and which tend to bring the latter back to the 
centre, are fixed to a horizontal plate 14 in. wide, placed 
beneath the bottom of the smokebox, and partly sup- 
ported from it ; the front pin of the bogie, which pre- 
vents the engine from being accidentally displaced from 
it, also passes through the same plate. ‘The bogie is 
allowed to have a transverse motion of 14 in. on each 
side of the centre line. The guides for the leading 
axle-boxes are fixed outside the bogie frames. All the 
bearing springs are placed below the axles, those for 
the driving and trailing wheels being furnished with 
adjusting screws, and connected by compensating beams. 
In the case of the bogie, one spring on each side is 


made to serve for the two axles, the springs being of 
same span as the distance between the centres of 


the 
the axles, or 4 ft., and the ends being placed in stirrups 
attached to the axle-boxes. The centres of these 
springs are of course fixed to the bogie frames. 

The boiler is fed by two pumps and one injector, the 
former being worked by separate eccentrics, and de- 
livering their water into the barrel of the boiler near 
the front. end, and the latter being fixed on the foot- 
plate at the trailing end of the engine, and feeding 
into the back of the firebox casings, a plate being 
placed in the water space opposite the mouth of the 
delivery pipe to prevent the water from striking 
directly on the re ny The injector is, however, but 








seldom used. As we have already stated, the feed 
and condefising water is carried in a pair of wing 
tanks; these are 15 ft. 6in. long, and hold together 
about 1200 gallons. 

In order that the water in the tanks may be rapidly 
discharged when it becomes heated by the exhaust 
steam, each tank is furnished with a 7 in. pipe, leading 
to a cast-iron valvebox placed beneath the footplate, 
In the bottom of this box is a valve 10 in. in diameter, 
worked by a screw from the footplate, and by means 
of this the contents of the tanks can be discharged into 
a pit beneath the engine in about one minute. The 
supply of water for the injector is drawn from this 
eo Mn as the water is less heated there than in the 
tanks. ‘The tanks are filled through mouthpieces 
placed at the top of them, these mouthpieces being 
furnished with covers secured by screws ; each tank is 
also furnished with a short tube for the discharge of 
any steam which may escape condensation. The coke 
is contained in a cokebox carried across the trailing 
end of the footplate, a space of 5 ft. lin. being left 
between it and the back of the firebox casing. Sand- 
boxes for delivering sand both before and behind the 
coupled wheels are placed, the former on the barrel of 
the boiler, and the latter in the coke space. The sand 
used is all dried and sifted, and the oe pipes are fitted 
with valves, by opening which the sand is steadily de- 
livered upon the rails. An ordinary brake is applied 
to all the coupled wheels. 

The carriages used on the Metropolitan Railway are 
very large, the first class holding 48 and the second 
and third class 80 passengers each ; they weigh, when 
empty, about 15 tons. The trains worked by the engine 
above described consist of from three to five of these 
arriages, and with this load they have to start readily 
up an encline of 1 in 100. They are worked up to a pres- 
sure of 130 lb. per square inch, but this pressure some- 
times falls materially during the passage of the engines 
through the tunnelled portion of the line, when the 
dampers are closed, and the exhaust steam is diverted 
into the tanks. The engines were designed and con- 
structed by Messrs. Beyer, Peacock and Co., the well- 
known locomotive builders, of the Gorton Foundry, 
Manchester, and it is to the makers and to Mr. Robert H. 
Burnett that we are indebted for the particulars of 
them which we have given in the present notice. We 
shall give some further notes about the working of 
these engines in a future article. 








TELEGRAPH ENGINEERING. 

Wnuat capitalist, twenty years ago, would have 
thought of submarine cables, or of works for their 
manufacture, as offering any inducement for invest- 
ments? But now there are millions of money invested, 
with or without return, in many thousands of miles of 
curious compound ropes, of steel and copper and 
hemp and gutta percha, buried literally at the bottom 
of the sea, yet, with some unlucky exceptions, still 
pulsating with the constant intercourse of nations. 
And even if there have been failures, we know that the 
1200 miles of the Atlantic cable, so far as laid last 
summer, is still perfect ; for day by day electric cur- 
rents are sent through it, indicating always upon the 
resistance coils the: same unvarying distance of the 
fault. And the position of the broken end of the 
cable is known, and three times after its loss the cable 
was actually grappled in a depth of more than two 
miles of water. ‘Those who are best able to judge are 
confident that the broken end can yet be grappled and 
raised, and a splice made to a new cable, of the suc- 
cessful laying of which there is now very little doubt, 
among telegraph engineers at least. ; 

Let the Atlantic line be once established, as there is 
now every reason to hope it may be, in regular working 
order, and we may then look for a vast extension of 
telegraphic communication under all the seas of the 
globe. Indeed there is scarcely any limit to the re- 
quirements of our political, commercial, and social in- 
tercourse with many distant nations and with our own 
far-off possessions in the East, in Australia, and in 
America. 

Among the telegraph works which have within the 
last few years sprung up about London, those of 
Messrs. Siemens Brothers, although they are not the 
largest, are poms the most complete. Mr. C. W. 
Siemens was employed by the Government in testing 
the Malta-Alexandria cable, and he found so much 
difficulty in enforcing the high standards upon which 
he insisted for conductivity and insulation, that he at 
last determined that in the case of future undertakings 
he would take the manufacture into his own hands, 
and thus assume the entire responsibility. The system 
of tests, which nearly all telegraph engineers have 
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concurred in enforcing, has improved the electrical 
qualities of submarine cables ina very striking manner. 
Dr. Werner Siemens, of Berlin, adopted as his elec- 
trical unit the resistance of a column of mercury at 
39° Fahrenheit, one metre long, and of one millimetre 
sectional area, and this unit of resistance is within 
three or four per cent. of the British Association unit, 
now generally adopted by English telegraphists. The 
first Atlantic cable had, for one knot, an insulation 
resistance equal to 12 millions of Siemens’s units ; the 
Red Sea line, in 1859, came up to a resistance of 30 
millions; the Toulon-Algiers line, in 1860, reached 
60 millions; the Malta-Alexandria line, in 1861, 120 
millions ; the Bona and Marseilles and Oran and Car- 
thagena cables, in 18638, 350 millions, and the insula- 
ting resistance of the Atlantic cable of 1865 was 400 
millions of Siemens’s units. Mr. C. W. Siemens was, 
we believe, the first to enforce these tests, making 
them at a standard temperature of 75°, and he is now 
making cables with india-rubber covered conductors, 
which show an insulating resistance of over 600 
millions of units, this standard being for one nautical 
mile—the insulation resistance being inversely as the 
length. 

‘he works to which we have referred are situated 
on the Thames, at Woolwich, a short distance above 
the Dockyard. They have been in full operation for 
some mouths only. They are provided with a large 
amount of machinery for the manufacture of telegraph 
cables, and also for a very different branch of manu- 
facture—that of delicate telegraph instruments, having 
almost the minuteness and high finish of chronometer 
work. At present a considerable length of cable is 
in course of manufacture for a coast line for the 
Brazilian Government. ‘This cable consists of three 
separate conductors, each formed of four copper wires, 
first protected by a coating of linseed oil dried on, 
and then by two layers of india-rubber. India-rubber 
las a considerably higher insulating power and a 
lower inductive capacity than gutta-percha, and 
although when in the open air, and in contact with a 
copper wire, it changes to a viscid mass, it is believed 
to be imperishable when deeply submerged in sea 
water. ‘The novelty in Mr. Siemens’s manufacture is 
in the mode of applying the rubber. If, on being cut, 
the cut surfaces of india-rubber are instantly pressed 
together, they cohere with their original force, and Mr. 
Siemens takes advantage of this property by laying 
two tapes of india-rubber longitudinally upon the wire, 
the whole being then passed between circular shears, the 
cutting‘edges of which are within three-eighths of an 
inch of a pair of compressing rollers. But a very 
iinute fraction of a second thus elapses after the 
edges of the-Tubber tapes are cut before they are 
pressed “closely together, and the conductor is thus 
sheathed with a coat of india-rubber having neither 
seam nor joint, although a visible ridge is left on each 
side where the sealing has been effected. Over the 
conductor thus insulated a further coat of vulcanised 
india-rubber is applied by the same machine in the 
same manner, and the second pair of circular shears 
and of compressing rollers are so arranged that the 
junctures or sealing of the outer coat break joints with 
those of the inner coat. The insulated conductor is 
then covered with tape laid on spirally, and saturated 
with a substance impervious to water. 

_ The laying machinery is so arranged that, 1, the three 
insulated conductors are twisted slightly around each 
other; 2, three strands of hemp are laid in so as to 
approximately complete the circular form; 3, the hemp 
sheathing is then put on; and, 4, the helical coating of 
galvanised wires is laid over the whole, all at one 
operation, or in one machine performing these opera- 
tions successively, the reels of insulated conductors 
being placed at one end, and the finished cable coming 
out at the other. The cable is then stored in large 
tanks outside the works, and is kept covered by water. 

Something may be said of the iron telegraph posts 
which Mr. Siemens has for some years supplied for 
foreign lines. The lower portion is of cast iron, going 
down 2} ft. into the ground, and resting by a flange 
and bolts upon a wrought-iron buckled plate 2 ft. 3 in. 
square. This casting is sometimes armed with spikes 
to prevent cattle from throwing it down by rubbing 
against it, and on lines through the pampas of South 
America this protection would be indispensable, else 
the buffaloes would soon have all the posts down. ‘The 
cast-iron portion rises some 3 or 4 ft. above the ground, 
and above this is a wrought iron tube ,, in. thick, and 
tapering uniformly to a small diameter at the top. 
hese tubes are rolled by Messrs. Russell, of Wednes- 
bury, between eccentric rollers, the circumference of 
the roller he ing equal to the full length of the tube, no 
mandril being required, as the tubes are not drawn. 
he tapering “skelp” is first bent, nearly into its 





intended tubular form, and then evenly heated to a 
welding heat, when one passage through the rolls closes 
the joint, and gives a true circular section. 

We have already said that should the Atlantic line 
be onee got into working order, the extension of sub- 
marine eables, and the consequent increase in the extent 
of their manufacture, will be very great. The perma- 
nent and profitable employment of works such as we 
have nbticed is an earnest of what may not unreason- 
ably be expected in the future. 








SEA VOYAGE OF A CIGAR SHIP. 


A Yew ‘days ago the Walter S. Winans, a small 
yacht, built by Messrs. Winans on the same principle 
as their larger arid better known vessel, the Ross 
Winans, made a passage across the channel from 
Havre to Newhaven, and thence, after a trip to 
Brighton, to London. The Walter 8. Winans, which 
was built at Havre, is 72 ft. in length, and 9 ft. in 
diameter at the centre ; she is of 24 tons register, and 
is fitted with an engine of 25 horse power, driving a 
submerged tliree-bladed propeller, 4 ft. 10 in. in 
diameter. The hull is provided with an inclosed deck, 
36 ft. long on its upper part, the companion ways 
leading to the saloon and engine rooms opening to this 
deck as in the larger vessel. The yacht is also fitted 
with two masts and a bowsprit for carrying canvas. 
The start was made from Havre at 5.30 a.m. on the 
28th ult., the following passengers being on board : 
Messrs. W. 8. and D. C. Winans, Captain Howling, 
of the Ross Winans, Mr, R. H. Featherstonhaugh, 
Captain Ross, and Messrs. von Borcke and Latrobe ; 
the vessel carried her full supply of coal, and was im- 
mersed a few inches below her centre. The engines 
worked well, and the yacht arrived at Newhaven early 
in the afternoon, having behaved capitally during her 
passage, notwithstanding that a stiff breeze was blowing 
from the N.W., and a heavy sea was running. She 
rose slightly to large waves, piercing their crests, but 
shipping no water, and no shock was experienced even 
when she met the heaviest swells. When laid in the 
trough of the sea, the waves passed under her without 
causing any rolling motion, either when she was stopped 
or moving ahead. On the following morning, the 29th 
ult., she made a trip along the coast from Newhaven to 
Brighton and back, having taken on board two more 
passengers, Mr. Thomas Winans and Mr. Hambleton. 
At 3.30 p.m. on the 30th ult., she left Newhaven for 
Gravesend, where she arrived at 9.30 a.m. the following 
morning, notwithstanding that she had had to wait an 


India Docks alongside the Ross Winans. No account 
was taken during her trip of her speed or the engine 
power exerted, but further trials will shortly be made 
in the Thames, when these and all other particulars 
will be carefully noted. We may mention that, al- 
though, of course, the drawings which accompany the 
various patent specifications of the Messrs, Winans are 
open to inspection, those gentlemen have not yet fur- 
nished any journal with drawings of the details of the 
Ross Winans; a set is, however, in course of prepara- 
tion for this paper, and will be published when the 
trials of the vessel take place. 








THE THAMES EMBANKMENT. 

Neary the whole of the river wall between Westminster 
and Blackfriars-bridges on the north side of the Thames is now 
in course of execution under two contracts, the first embracing 
that portion from Westminster to the east side of Waterloo- 
bridge, including the landing stage for the steamboat pier at 
that place; the second from that point to the end of the ‘Temple 
gardens. The contract for the remainder, to Blackfriars-bridge 
has not yet been let, nor indeed are the working drawings pre- 
pared, but as it is only a very short length, the delay will not 
postpone the opening of the embankment for public traffic. All 
are aware of the object and advantage of this great work, and 
we have for some months past been able to form a good idea of 
the appearance the wall will present when finished, from the 
short lengths from which the scaffolding and dams have been 
removed, ‘The reclamation of a large area hitherto covered with 
mud and its conversion into valuable property suitable for build- 
ing or other purposes, as well as the construction of a carriage 
road, which will relieve the overcrowded streets, give the Board 
of Works the right to take credit for the conception and execu- 
tion of the most important metropolitan improvement. Some 
years must elapse before the completion of the work, but in the 
course of a few months’ traffic will be turned on to the embark- 
ment between Westminster-bridge and Scotland-yard. 

Between the first named place and the Charing Cross Bridge 
the works are the most interesting as well as most complete. 

The length of the first contract, which is being carried out by 
Mr. Furness is 3740ft., and extends about 250ft. east of 
Waterloo-bridge. There are three steam-boat landing piers on 
this contract, the first occurring at Westminster, about 40 ft. 
from the eastern parapet of the bridge. At this. place, the 
width of the embankment is reduced by a recess some 30 ft. 





wide, by 250 ft. in length, for the reception of the dumby, or 
landing stage, which rises and falls with the advancing or re- 


hour at Dover for a pilot. She is now lying in the West. 





ceding tides, and to which access is gained from the embank- 
ment by hinged bridges in the ordinaay manner. 

The Pa of the bridge next the embankment will be re- 
moved flush with the face of the river wall, a massive pier being 
ee at the angle to complete the junction. The difference of 
evel between the embankment road and that of the bridge is 
considerable, and the former slopes upwards to the latter at an 
inclination of about one in eighty. Access to the steamboat pier 
and the embankment footway from the bridge is gained by a 
handsome flight of steps 40 ft. in width, with a parapet on each 
side, the inner one also acting as a retaining wall to the slope of 
the carriage road. This flight of steps is supported on relieving 
arches carried down to the foundation of the wall, formed into 
reservoirs 16 ft. by 30 ft., for storing water, which is poured into 
them through a 4ft. diameter pipe placed underneath the 7 ft. 9 in. 
barrel sewer, and open to the river by five rectangular openings 
about 50 ft. apart, placed in the recess before mentioned, prepared 
for the reception of the steamboat dumby. The storing of a large 
quantity of water in these reservoirs will be necessary, in order 
that the paved flooring of the recess may be flushed at pleasure, 
it being anticipated that large quantities of sand and mud will 
silt up under the dumby and interfere with its floating evenly at 
low water. Ordinary sluice valves are fitted to the rectangular 
openings, which can be opened and closed at pleasure to regulate 
the inward and outward flow of the water. 

The general section of the river wall is shown in illustration, 

. 220, as well as in Fig. 2, page 217, where it will be seen to con- 
sist of a stone facing, curved to a radius of 100 ft. toa height of 
16.50 ft. above Ordnance datum, or about 2 ft. above ordinary 
high water. This stone facing is backed with brickwork in the 
manner shown, and further strengthened with counterforts 18 in. 
thick, which occur every 7 ft. Gin. between Westminster and 
Charing-cross. Behind the brick-backing are placed the low- 
level sewer, a brick barrel 7 ft. 9in. and 8 ft. diameter, and 
above it an arched subway 9 ft. wide by 7 ft. 6 in. high, for the 
reception of gas and water pipes. The section of this subway is 
unaltered, and its relative position remains the same for the 
whole length of the embankment. The brick counterforts are 
built back beyond the subway seen on the section, and the space 
between is filled solid with concrete, as shown, ‘The shape and 
strength of the counterforts differ slightly in some instances 
where the nature of the ground requires extra strength. 

About midway between Westminster and Chariny-cross the 
contents of theVictoria-street and Regent-street sewers are poured 
into the low-level sewer. ‘The size of the former is 8 ft. diameter, 
of the latter 6 ft. 6 in. by 6 ft., and after having been diverted in 
Scotland-yard by the Waterloo and Whitehall Railway, the 
contents are taken by eight 3ft. diameter pipes into the low- 
level sewer, the size of which is increased at that point from 
7 ft. 9in. to8 ft. diameter. Excavations are now being made 
to receive these pipes, which are of iron, and will be bedded 
in concrete, in two rows of four each, As it is not intended 
that any sewage matter shall find its way into the river-at this 

lace, and us it is necessary to provide a storm overflow direct 
into the Thames, in case the low- level sewer be not of sufficient 
capacity in extreme eases to receive all that may be passed into 
it, dams are built in the bell-mouthed junction between the iron 

ipes and the sewer, over which storm water will flow, and find 
its way into the river after the sewer is full. 

The removal of the York water gate, from its present position 
at the bottom of Buckingham-street, to a place about midway 
between Westminster and Charing-cross was originally intended. 
Some difficulty, however, has arisen about the transfer of this 
fine specimen of architecture, and it is purposed to substitute for 
it, a similar structure, which will form a gateway to some land- 
ing stairs. At Charing-cross, another steamboat pier is to be 
built somewhat similar to that at Westminster, but it will have 
two dumbies, one on each side of the pier of the South Eastern 
Railway bridge, with the face of which they will be flush. Each 
of these landing, stages. willbe about 250 {t. long, and the em- 
bankment will be widened out where they occur, just sufficient 
that the dumbies may not be project out into the river. Access 
to and from the embankment is gained by hinged bridges, as at 
Westminster, and a similar contrivance is adopted for flushing 
the paved bed beneath the floating stage. Another and simi- 
lar steamboat pier will be constructed at Waterloo-bridge. 
Beyond Charing-cross, however, the work is not in so forward 
a state, although a vast quantity of earth has been deposited 
in position, and cofferdams have been constructed. 

A footpath 12 ft. wide, and a roadway with a width of 100 ft., 
will be formed along the whole length of the embankment, which 
will be nearly level to within a short distance of Blackfriars- 

bridge, where it rises to meet the new street, which will 
extend to King William-street. This road and foot-path 
will occupy the whole width of the embankment at Waterloo- 
bridge, which is the narrowest. place, it being reduced there to 
fill the span of the land arch ; elsewhere there will be more or less 
surplus ground, which will probably be built upon, or laid out 
in ornamental public gardens. Several considerable roads will 
connect the embankment with the Strand, Fleet-street, Ludgate- 
hill, &e. 

The Waterloo and Whitehall Railway, which goes under the 
Thames Embankment, and crosses the river a little east of the 
spot above mentioned, may justly receive a short description here, 
connected as it is with the work now under notice. ‘Ihe line ex- 
tends from Scotland-yard to the Waterloo Station of the London 
and South-Western Railway, a distance of about 44 furlongs. 

One terminal station is situated in Scotland-yard, at which 
place the rails are some 20 ft. below the surface, and they de- 
scend towards the river at an inclination of 1 in 60. The cross 
section of the railway is circular, 12 {t. 9 in. in diameter, with a 
strength of four rings of brickwork. Descending towards the river, 
it crosses underneath the river wall in the manner illustrated, 
Fig. 3, by an iron tube (covered within and without by. brick- 
work) in four spans of 221 ft. each, supported at three points by 
cylindrical piers. . Each span is built in one length of in. plate, 
and covered outside with four rings of brickwork set ina Welsh 
lime, which is found to answer better than cement, and inside 
with one ring of brickwork. Each pier consists of a cylinder 
sunk deep into the clay, with a semicircular bearing the diameter 
of the outside of the tube, and the land piers are constructed in 
the same manner, us seen in the illustration. 

The tubes will each be provided with four water-tight bulk- 
heads, one at each end, and two about 20 ft. from the ends, 



































ENGINEERING. 








[Aprit 6, 1866, 











THE THAMES EMBANKMENT. 


A TTT 
PUTT 
PUTT 
COU ET 


MT i iN 
AVATAR 


mn 
i 
NIN! 





Hi 
MU il HAWN 
(QUEUE UPR AEE 

A 


u Mi 
Ce TT TT it 


inna Mt 





Wi MH A 






































forming a space which wil! be partially filled with water when the 
tubes are in place, so that they may be sunk gently into position 
with the least possible subsequent labour in pumping. Covers, 
corresponding to the bearings above described, fit down tight 
over the upper half of the tubes, and all joints will be made 
good by caulking and india rubber. At present, the bed of the 
river is being dredged out to such a depth that the upper surface 
of the tubes shall be well covered in the course of time by the 
natural deposit of the river. 

Leaving the Thames, the railway rises towards the Waterloo 
Station at an inclination of 1 in 60, where it terminates, and at 
which end the pumping station is situated. The steep gradients 
at each end of the line are desigred to help the trains forward 
in starting and retard them in stopping. On reference to 
figure 3, showing the arrangements of the north abutments of 
the river crossing, it will be seen that where the railway ap- 
proaches the embankment wall its strength is increased from 
four to six rings at first, and subsequently to a greater strength. 
The connexion between the tube and the brick barrel is made 
with two iron chambers bolted together, the sections of which 
are shown, figures 5and 6. It will be seen that one part is 
rectangular, with an arched top and bottom, and the other has a 
curved bearing for the tube, as before described. A coffer-dam is 
now being prepared for the construction of this abutment. 

The granite employed in the construction of the wall is pro- 
cured from the Isle of Mull, Dalbeattie (West of Scotland), 
Ireland, Guernsey, Jersey, and Dartmoor; the finest quality 
coming from Dalbeattie, and the worst from Ireland. The 
fine colour and even quality of the former make it extremely 








beautiful; and only second to it is the reddish granite from the 
Isle of Mull, while Guernsey and Jersey contribute a fine 
quality of stone. Perhaps on no public works has such a collec- 
tion of this material been seen before, and it is from the 
difficulty in getting skilled labour for this part of the work that 
the contractors have met with the greatest difficulty. Ordinary 
stone masons are unable to work properly in granite, and the 
scarcity of men understanding this branch of industry greatly 
increases the cost of working. It will scarcely be believed that 
each ornamental pillar of the open balustrade which is to be 
be erected in some portions of the work, will cost 5/., it taking 
a man a fortnight to complete one. The parapet will be 
about 4 ft. 6 in. in height, but the design is not yet finally 
decided upon. At the commencement of the embankment 
it will correspond with that of Westminster Bridge, and at 
the Steamboat Pier and Water-stairs it will probably be open 
and highly ornamental; elsewhere it is intended to make it 
lain. At intervals massive granite piers wlll break the 
ine of the parapet, and be ornamented with bronze heads 
of lions holding mooring rings in their mouths. Each pier 
will be surmounted with an ornamental group of lamps, and 
veutilating shafts will be carried down them to the subway 
beneath the road. These shafts occur at intervals of about 
35 ft., and they are intended to form a down and up draught 
alternately. They consist of 9 in. pipes led out of the subway, 
and either brought up into the road or through the pier, as be- 
fore described. 

The Metropolitan District Railway is the most important 
public work in connexion with the Thames Embankment. Its 





course, and the general mode in which it will Le constructed, are 
described in another part of this paper, so fur as they are at 
— known, the engineers themselves not having settled 
inally how the work will be carried out. ‘Ie railway will be 
made almost entirely in covered way, except where it will be 
found absolutely necessary to have open cutting for ventilation 
or for the safe working of the traffic, and as the small depth of 
the rails below the surface of the road precludes the possibility of 
using brick arching, the line will be covered in with girders, and 
transverse brick arches built between them. fp 

The following are some of the quantities estimated to be 
required for the construction of the first contract of the Thames 
Embankment: 


Excavation 80,000 cubic yds. 
Filling 600,000 4s 
Concrete 60,000 ” 
Brickwork ip 45,000 9 
Stone ae 400,000 cubic ft. 


Timber in scaffolding, &c. ... 500,000 » |, 
Of this quantity of stone, about 80,000 cubic feet are in posi- 
tion, and a similar quantity is on the ground. f 

We have confined our description at present almost entirely to 
the first portion of the Thames embankment, we shall take an 
early opportunity of returning to the subject. 

The illustration on page 220 represents, toa scale of one- 
eighth of an inch to a foot, the elevation of water stairs between 
Charing-erees and Waterloo-bridges. Fig. 1 (page 217) ae 
half elevation of the landing stage at Hssex-street, Temp! 
a plan of which, to a small scale, is also slow. 
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In consequence of the great length of our concluding report of 


the proceedings of the late meeting of the Institution of Naval 
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Utilisation of Sewage,” by Mr. Baldwin Latham. 
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THE THAMES EMBANKMENT. 

We trust that but few of our readers need to be 
informed that, in this country, railways can be con- 
structed only upon plans sanctioned by Parliament. 
In the case of the Metropolitan aud Metropolitan Dis- 
trict Railways many of the details have been settled in 
Committee, and embodied in Acts and private agree- 
ments, from the provisions of which there can be no 
departure. Last week, however, a contemporary an- 
nounced the startling intelligence that, for the portion 
of the Metropolitan District Railway between West- 
minster and Hungerford, nearly the whole distance 
would be in open cutting along the Thames Embank- 
ment! This was stated editorially ; and the writer pro- 
fessed to have seen the plans, with drawings, of “the 
“ handsome parapet removed one hundred feet from the 
“river front !” The matter had not, it was stated, been 
discussed beyond the engineer’s office: there was a 
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breach of faith with the public, who had been led to | 


believe that the line would be covered for the whole 
distance ; and Zhe Engineer had been the first to call 
attention to the matter! 

We do not often care to correct our contemporaries, 
but here is a case where correction is demanded in the 
interests of the profession and the public. Briefly, 
then, the whole story of the open cutting along the 
Thames Embankment, between Westminster and Hun- 
gerford, the handsome parapet, &c. &., is a pure in- 
vention, for which Zhe Engineer can offer not the 
shadow of a reasonable excuse, unless it be that that 
journal has been crucliy hoaxed. 

The Act of 1864, which empowered the Metropolitan 
District Railway Company to construct their line along 
the ‘Thames Embankment, defines certain limits, and 
in a measure specifies the form of construction to be 
adopted. In addition to this, all the principal owners 
of river frontage, or of such property as would be im- 
proved and made more valuable by the embankment, 
withdrew their opposition to the railway scheme only 
on condition of certain agreements being made between 
them and the company, having for their principal ob- 
ject the preservation of the ‘Thames Embankment on 
an unbroken surface, as far as possible. 

Two-thirds of the length of river frontage (com- 
mencing at the Board of Control) between West- 
minster and Charing-cross Bridges belong to the 
Crown, and for the whole of that distance the com- 
pany are bound by their Act to construct the railway, 
not only in a covered way, but absolutely under the 
carriage-road of the embankment, while for a length of 
about forty yards on each side of the boundary of the 
Crown property the line is to be made in tunnel. 
That part of the station at the foot of Westminster 
Bridge which encroaches on the embankment may or 
int, L- be = i Set question, like all others re- 
ek which won wy re = per Thames Embank- 
liamentary Act <ste g nets, scttied bythe Par- 
aos 4 agreements (1864), being as yet 

y undecided. 


— Charing-cross, immediately beneath the South 





astern Railway bridge, a second station will be made, 


with platforms about three hundred feet long, and short 
pieces of open cutting at each end. From Charing- 
cross to Waterloo Bridge the interests of the Marquis 
of Salisbury restrict the company from indulging in 
retaining walls, while from Waterloo Bridge eastwards 
the Duke of Norfolk only permits such open cuttings 
as shall be absolutely necessary for the station at the 
bottom of Norfolk-street. The Inner and Middle 
Temple authorities proscribe them altogether, it being 
their intention to extend the Temple Gardens as far as 
their property extends, from its present boundary to 
the embankment carriage-road. Eastward of the 
Temple Gardens, and close to the City Gasworks, we 
come upon the first real independent piece of open 
cutting and retaining walls, not connected with any 
station, a length of about thirty feet ; and then the rail- 
way leaves the Thames Embankment, and disappears 
under the new street which is to be made between 
Blackfriars Bridge and King William-street. Such are 
the present intentions of the company with regard to 
the construction of this length of the Metropolitan 
District Railway ; but beyond the resolution that there 
shall be no more open cutting than will be absolutely 
necessary for the safe working of trains at stations 
(excepting the thirty feet length at Blackfriars), nothing 
is settled. 

Beyond preliminary sketches, no drawings whatever 
have been prepared at the engincer’s office, and even 
the levels laid down in the parliamentary deposits may 
be altered again before the line is made. Mr. Bazel- 
gette has not yet sanctioned the mode of construction 
we have described; and the Board of Works may 
object even to the short pieces of open cutting at the 
ends of the stations. 

We may add that none have been more astonished 
than the engineers of the Metropolitan District Rail- 
way and the engineer to the Metropolitan Board of 
Works at the announcement made by our contempo- 
rary. 





THE NORTHUMBERLAND. 


On Saturday and Monday last renewed efforts were 
made to launch the Northumberland, but unfortunately 
without success. When the launch was first attempted 
on the 17th ult., the vessel stopped after moving down 
the ways about 170 ft., her draught of water when she 
stopped being 3 ft. 4 in. forward and 23 ft. 10 in. aft. 
This draught of water gave a displacement of 4056 tons, 
and as the vessel weighs altogether 7100 tons (not 
8000 or 9200 tons, as has “been stated in some 
journals), there thus remained a weight of 3044 tons 
earing on the ways. On the day following the 
attempted launch, efforts were made to move her by 
the aid of steam tugs, assisted by hawsers carried 
across the river, and drawn taut by capstans on the 
other side; these, however, were not successful, and 
further attempts were postponed until Saturday last. 
In the meantime the ways, &c., were carefully inspected, 
when it was found that the subsidence which had taken 
wenng was exceedingly slight, and that the ways had not 
yeen strained in any way. It was then determined, 
after consultation between Sir John Hay, Mr. Lungley, 
and the principal officials of the Admiralty and of 
several private shipyards, to reduce the weight resting 
upon the ways by applying pontoons and lighters to 
the stern of the vessel, and thus partially floating her. 
In accordance with this determination, twelve wedge- 
shaped pontoons, or “camels,” each 9 ft. high, 9 ft. 
wide, and 30 ft. long, were prepared, and fitted closely 
to the bottom of the ship, six on each side, and secured 
by cross chains, the total floating power of these pon- 
toons amounting to about 400 tons. Nearly 400 pun- 
cheons, giving a lifting power of about 100 tons, were 
also secured under the stern; and, in addition to these, 
eight lighters were, at dead low water on Friday night, 
brought alongside the Northumberland, four on each 
side, and fastened to her, stem on, bychains. The lighters 
were placed with their bows towards’ her, on account of 
the short length of the vessel projecting into the river 
not allowing them to be placed broadside on; iron 
ballast was placed at the stern of each lighter, to 
counterbalance the downward pull of the vessel upon 
the head. By this arrangement the floating power of 
the lighters was much reduced, and instead of each 
being capable of exerting a lifting power of 100 tons, as 
it would have done if secured to the vessel broadside on, 
that exerted by the whole was probably not much more 
than 400 tons, thus making with the pontoons and pun- 
cheons a total floating power of about 900 tons. To start 
the vessel, three hydraulic presses were placed, the one 
underthe bow of the vessel, andthe other two, one oneach 
side under the bilges and connected with the cradle ; the 
first was capable of exerting a pressure of about 1000 


Saturday, a 15in. hawser was carried from the 
Northumberland to a dredging-machine moored in the 
river, and attached to the steam capstan of the 
machine; tackles were also attached to the sides of 
the vessel and to moorings in the yard, and-to the falls 
of these tackles sixteeen horses were harnessed. 
These tackles, worked by horse power, were in- 
tended to assist in keeping the vessel in motion 
after a start had been obtained. Complete ar- 
rangements were made for sinking the pontoons, 
and disconnecting the lighters, as soon as the 
vessel got into motion. At 1 p.m., when there was 
20 ft. of water under the stern, it began to lift slightly ; 
and at 2 o’clock, when the movement was more 
decided, it was determined to make the attempt to 
launch her. The bugle was therefore sounded, and every 
man ordered to his post, and at 10 minutes past 2, on 
the second signal being given, the Sadiaee 
were knocked away, and the chain cables, by which 
she had been secured to anchors on shore, let 
go. The 15in. hawser attached to the steam capstan 
of the dredging-machine was drawn taut until it 
snapped, and the tackles fixed to the sides of the 
vessel were also broken away by the exertions of the 
horses. The hydraulic presses, upon which the prin- 
cipal reliance was placed, were also worked for some 
time, until it was found that the piling under two of 
them was rapidly giving way, when, as no movement of 
the ship had been obtained, it was useless to con- 
tinue the trial. The ship was therefore shored up and 
secured as before, and further efforts postponed until 
Monday. When the tide had seeoked, it was found 
that the backing of the press on the starboard side 
was completely splintered, whilst that of the port 
press was uninjured, this press not appearing to have 
been working properly. In preparation for Monday’s 
trial, the backing of the presses was materially 
strengthened, and a double purchase rove with a 12 in. 
hawser was substituted for the 15 in. cable attached to 
the steam capstan of the dredging-machine. The 
lighters were also attached to the stern, in what was 
at the time considered to be a more efficient manner 
than before, and their bows were hauled down until 
they were nearly level with the water. Unfortunately 
however, as the tide rose, six of them broke away in 
pairs, andtheythusactually afforded but little assistance. 
A couple of heavy battering rams, formed of logs of 
timber, were also rigged up so as to bear upon the bows 
of the vessel; these rams were fevers by manual 
power, and were intended to jar and loosen the ship 
upon the ways: the horse tackle was also applied. On 
Meader a depth of water of 24 ft. at the stern of the 
vessel was expected, but when the trial was made 
shortly after dou o’clock, the depth was only 22 ft. 
Yin. As stated at the commencement of this notice, 
the efforts made to launch the vessel were entirely un- 
successful, the chain to which the horse tackle was 
connected being fractured by the strain put upon it, 
and the lighters breaking away, as has been * irs 
mentioned; the foundations of the starboard hydraulic 
press also gave signs of yielding, and the vessel was 
therefore eventually shored up and secured as before. 
On ‘Tuesday the tide was not high enough to allow of 
another attempt being made to launch her, although 
everything had been prepared todo so. After high 
tide a consultation was held, at which Sir John Hay, 
Mr. E. J. Reed, the Chief Constructor of the Navy, 
and Mr. Lungley were present, and it was determined 
to postpone further efforts until the 16th inst., when a 
tide which will give 25 ft. or, if the wind is favourable, 
even 26 ft. of water under the stern of the Northumber- 
land is expected. It is then intended to apply such an 
amount of floating power under the stern of the vessel 
that it would be possible to lift her entirely off the 
ways, except at the extreme bow, if it was thought 
desirable to do so; in the meantime part of the bilge 
logs are to be cut away, and the cradles, as far as they 
are accessible, are to be removed in short lengths at a 
time, and the ways re-greased. About 180 ft. of them 
will probably be served in this manner, the remainder 
being imbedded in the mud. It has been stated in 
the Zimes that the inclination of the ways is 1 in 24; 
this is really the least inclination—owing to the curve 
or camber to which the ways are laid, the average in- 
clination of the portion upon which the cradle now 
rests is nearly 1 in 16. The general incline of the 
ways is less than that usually adopted; and when we 
consider the difficulty of controlling the motion of such 
an immense mass as the Northumberland, there 
certainly seems to be a good reason why this should be 
the case. We may mention that’ a vessel launched 
from the Millwall yard some time ago did break away 
and ran down a vessel moored near the other side of 
the river; it also narrowly escaped carrying away the 





tons, and the other two about 600 tons each. On 


fine shears at Mr. Humphrys’ works opposite. 
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THE SKIN FRICTION OF SHIPS. 

uz somewhat tardy publication, from the press 
of the Institution of Civil Engineers, of the paper read 
by Mr. Phipps, two years ago, “ On the Resistance to 
Bodies passing through Water,” will revive the 
interest felt in that much disputed subject. There has 
been, and possibly there still exists, a class of engi- 
neers who believe that the resistance to the motion of 
vessels is almost wholly governed by the area of the 
immersed midship section and by the form of the bows, 


while there are others who would appear to believe 
that hardly any other than the superficial resistance 
due to the mere contact of the hull with water has to 
be overcome in order to carry the ship ahead. Lt will 
not require much reflection, however, to show that both 
these forms of resistance must be separate ly encoun- 
tered in the case of all vessels moving through the 
water. ‘The real questi¢ un is that of their relative 


amounts. ‘The subject has received a great deal of 
attention, but it is by no means settled, nor in the dis- 
a discussion in which 
Rankine, Mr. Bidder, 


was there any 


cussion of Mr. Phipps’s paper 
Mr. Scott Russell, Profe 
Mr. Llawk« SIcy, and others took part 
definite agreement of opinion. 

Fluid friction, as is well known, differs from the 
The former, 


ssor 


friction of solids moving upon each other. 
it appears to be rein rally believed, varies as the squ ire 
of the velocity, although Colonel Beaufoy, in the ela- 
borate and costly series of experiments which he made 
many years azo, concluded that the rate of increase of 
skin friction was considerably less than as the square 
of the speed. With 50 square feet of smoothly-painted 
board, which had for a long time been immersed in 
water, he found a resistance of 7} lb. at 4 knots an 
hour, and 25.04 lb. at 8 knots. ‘There is good reason, 
however, for suspecting that t 
from the law of the squares of the speeds 
some oversight of the conditions affecting 
anee. Again, it has been believed that the skin fric- 
tion of ships moving in a broad channel of water, or 
in the open sea, is but about one-half that of water 
moving at the same velocity through a pipe. Again, 
it has been held, and by those to whom we have been 
more or less accustomed to look up as authorities, that 
the smoothness or roughness of a surface moving in 
water makes no difference in the friction. Dubuat 
laid down this conclusion as an established truth, 
although in the discussion of Mr. Phipps’s paper it 
was generally disputed. Further, fluid friction is be- 
lieved to be independent of the pressure between the 
fluid and the moving body. Indeed, the friction of the 
sides of vessels, floating in the water, has been found 
to be less, at the depth of a few feet, than at the sur- 


ie appareut departure 
was due to 
the resist- 


face. 

Water has a definite attraction for the surfaces of 
solid bodies, to which it adheres with a certain force. 
Within a fine tube, this attraction to the sides is 
known as capillary attraction, causing the surface of 
the water to assume a hollow or cup form, the sides 
then flowing together because of their attraction for 
each other, and then rising again as before. By 
virtue of this attraction, a ship in motion carries a 
skin of water along with her, over her whole immersed 
surface. And this skin carries with it, but ata less 
speed, an outer skin or couche of water, and this an- 
other, and so on, until still water is reached at some 
distance or other from the immersed surface of the 
ship. Thus considered, it will be seen that the effect 
of skin friction is to put a certain amount of wate r it 
motion, and the foree required to maintain this motion 
must, according to the funcamental laws of motion, he 
as the square of the velocity, Colonel Beaufoy con- 
cluded that the skin friction of ships was 1.2 lb. per 
square foot at 13 knots. Mr. Phipps considers that at 
a speed of 15 ft. per second, or 8.88 knots per hour, 
the skin friction per square foot. of new, we il painted 
iron plate is 1.065]b. The skin friction of Colonel 
Beaufoy’s planed and painted plank at the same speed 
was’ 0.763 lb. per square foot; and ship’s coppering, 
from the Rattler, was taken as 0.710\b. per square 
foot at the same speed of 8.88 krots. The skin resist- 
the resistance due to 


ance of iron ships, irrespective ol 





fouling, being thus one-half greater than that of copper- 
sheathed ships. 

We may take these results rather upon the authority 
of those who have given most attention to the subject, 
than as final. No o1 appears to be quite satistied 
with the experiments upon which these or other mea- 
sures of fluid resistance have been established, but the 
results of various etperiments do appear to show a 
tolerable agreement, suflicient, pe rhaps, to entitle some 


of the measures given to considerable confidence. But 


when these measures are applicd to the wetted surface 


of large ships, of which the speed and indicated horse 
power are known, they would appear to leave but little 
power due to midship resistance, or the ploughing of 
the water by the bows, independent of skin friction. 
‘l'aken as the square. of the speed, 1.065 lb. at 8.88 
knots becomes 2.396 Ib. at 13.33 knots. And taking 
a ship having 16,000 square feet of wetted surface, 
being about that of the large Royal Mail steamers, we 
should require 1568 horse power at this speed in 
overcoming skin friction alone. 

In America, one of the brothers Stevens, the con- 
structors of the Stevens battery, was so impressed 
with the extent of skin resistance that, some years ago, 
he introduced air pumps in one of his steamers, to 
pump out air through suitable openings in the bottom, 
the action of the air being intended to lessen the frie- 
tion through the water. We can assure our readers 
that this extraordinary experiment was actually made, 
and the vessel upon which it was made was afterwards 
employed for some time as a railway ferry boat, across 
the river Delaware, at Philadelphia. 

The general result of the discussion upon Mr. 

Phipps’s paper was that there is no difference be- 
tween the skin friction of water flowing within a pipe 
or along its outer surface—in other words, no diffe- 
rence between the skin friction per square foot of the 
inner surface of a pipe and the outer surface of a ship 
of the same material and smoothness. Indeed, with a 
pipe of infinite diameter, any gg of the internal 
surface would be practically a plane. 
It was admitted, too, very generally by the principal 
speakers that the condition of the surface does exer- 
cise an important influence upon the skin friction, and 
the comparison of iron-plate and copper sheathing 
must, if correct, rank as the most striking illustration 
of this difference. That skin friction forms much the 
larger proportion of the total resistance of ships is now 
generally admitted ; and if it be the fact that iron hulls 
have one-half more friction than copper bottoms, our 
shipbuilders and marine engineers cannot know it and 
act upon it one moment too soon. For our own part, 
we believe that the daily working of iron ships and 
copper-sheathed ships proves that the estimated diffe- 
rence in their skin friction is incorrect, and this con- 
viction leads us to doubt very much of what is autho- 
ritatively put forward as to the resistance to bodies 
moving through water. 


THE LATE GEORGE RENNIE, ESQ., 
C.E., F.R.S. 

We regret to announce the death of George Rennie, 
Esq., which took place after a long illness, at his resi- 
dence in Wilton-crescent, on the afternoon of Good 
Friday last. 

Mr. Rennie was the eldest son of the late John 
Rennie, Esq., C.E., so well known by his numerous 
great engineering works in almost every part of the 
globe. From early life, George Rennie was bred 
under his father to the profession of a civil engineer, 
for which he exhibited the greatest talents. After re- 
ceiving the rudiments of his education at the establish- 
ment of the late Dr. Greenlaw, at Isleworth, he was 
sent to St. Paul’s School, then under the management 
of the late well-known Dr. Roberts, where he remained 
about two or three years. He was then sent to the 
University of Edinburgh, and placed under the charge 
of Dr. Robertson, a near relative of the distinguished 
historian. Mr. Rennie remained in Edinburgh sqne 
three or four years; afterwards he was placed under 
the charge of the late distinguished Professor Playfair, 
and studied mathematics, mechanies, natural philo- 
sophy, chemistry, and classies under him and those other 
eminent philosophers, Leslie, Hope, Christison, and 
Dunbar. Whilst staying with Professor Playfair, the 
present Earl Russell was his fellow student. He re- 
turned from Edinburgh in the year 1811, and com- 
menced the study of civil and mechanical engineering 


his great works. In 1818 he succeeded the late Mr. 
Lawson as Clerk of the Trons and Manager of the 
Machinery of the Royal Mint ; here he remained until 
the death of his father in 1821. This was a very 
laborious department, and required great knowledge 
of machinery as well as of the composition of iron and 


steel, and the best mode of constructing dies for 
stamping the coin. In this office Mr. Rennie was 
very successful, and gave great satisfaction. After 


leaving the Mint he joined partnership with his 
younger brother, the present Sir John Rennie, and 
took the management of the mechanical depart- 
ment of his father’s business, and designed and con. 
structed, in company with Messrs. Boulton and Wait, 
the machinery of the Mints of Calcutta and Bom 








under his father, ad acted as his assistant in several of 


bay, also those of Lisbon, Mexico, and Peru; 
the great flour mills, biscuit machinery, &c., at the 
royal dockyards of Deptford, Portsmouth, and Stone- 
house; the armoury at Constantinople for the Turkish 
Government, capable of making five hundred muskets 
per day; the celebrated iron lock-gates of the Russian 
Government for the dockyard at Sebastopol; also four 
iron steamboats, amongst the first that were made for 
the Caspian Sea; the machinery for several large 
vessels of war propelled by the screw, and the engines 
and machinery for the celebrated Wladimir; the steam 
factories at Cronstadt and Astrachan ; two steam yachts 
for the late Emperor Nicholas; numerous ‘steam 
engines and machinery for her Majesty’s vessels of war, 
such as the Bulldog, Megera, and for her Majesty’s 
yacht, the Elfin; also for the Austrian Danube Com- 
pany, the Peninsular and Oriental Company, such as 
the Pera and Candia; besides locomotive engines, 
dredging machinery, and the two shields for the Thames 
Tunnel, for which he constructed one of the earliest 
machines for planing cast and wrought iron; and, in 
fact, he made almost every class of machinery and 
engine work, and, in connexion with his brother Sir 
John, constructed Staines Bridge and other works. In 
1826, he, with his brother Sir John, assisted by the 
present Mr. Charles Vignoles, laid out the line of the 
present Manchester and Liverpool Railway, and carried 
the bill through Parliament. The line was carried 
through the highest and deepest part of Chat Moss, 
which was considered impracticable at the time ; never- 
theless it has turned out to be the best and cheapest 
part of the line. The estimate was 796,246/., and it 
was completed for 739,165/. The gauge proposed by 
Messrs. Rennie was 5 ft. 6 in., but this, against their 
opinion, was afterwards changed to 4 ft. 8} in., which 
is certainly too narrow, and which has caused all the 
subsequent confusion, and led to the celebrated “ battle 
of the gauges,” in consequence of the late Mr. Brunel 
having adopted the broad gauge of 7 ft. on the Great 
Western Railway, whereas if the 5 ft. 6 in. gauge had 
been originally adopted it is not improbable but that 
Mr. Brunel would have adopted it also. 

About this time (1826), the late well-known architect, 
Mr. Harrison, of Chester, made a design for a stone 
bridge of a single span of 200 ft. across the Dee at 
Chester, which, it was believed, was the largest stone 
arch ever proposed. Mr. Harrison, at the time, was too 
old and infirm to carry it into effect ; the corporation 
of Chester, therefore, consulted Mr. Rennie as to its 
practicability, which he confirmed. The design, which 
was scarcely finished, was then placed in Mr. Remnie’s 
hands, und he investigated it thoroughly, equilibrated 
the arch in the most scientific manner, carried the 
foundations of the abutments down to the solid rock 
on both sides of the river, whereas it was originally 
intended that one of the abutments should be supported 
on piles, as the rock lay much deeper on that ade: and 
thus the foundations would have been unequal, and 
failure might have occurred. Mr. Rennie also de- 
signed a very ingenious centre for supporting the arch 
whilst under construction ; in fact, Mr. Rennie may be 
said to have entirely remodelled the design, and to 
have rendered it practicable. He estimated the cost 
at 54,0007. Nothing was done at the time for want of 
funds ; but Mr. Renmie’s plans were afterwards carried 
into effect with perfect success by the late Mr. Jesse 
Hartley, the well-known engineer of the Liverpool 
Docks, and Mr. Trubshaw, the contractor. 

About the year 1836 Mr. Rennie took a very strong 
interest in screw propelling, which, it is believed, 
was originally proposed by Duguet in 1727, and sub- 
sequently Painton in 1768, Littleton in 1794, Shorter 
in 1802, Napier about the same time, Tredgold and 
Brown in 1825; and in 1836 Mr. Pettit Smith fixed a 
screw propeller in the dead wood of the stern of a 
small open boat, and worked it by a high-pressure 
engine, and made several successful trials with it on 
the Thames and to Ramsgate. Mr. Rennie and his 
brother, who saw it, were satisfied that it must suc- 
ceed on a large scale. A company was accordingly 
formed to carry it into effect. The Archimedes, a 
wooden vessel of 232 tons, was designed and con- 
structed by Wimshurst ; and Messrs. Kennie designed 
and constructed the engines, of 80 horse power, also 
the machinery and propeller. Notwithstanding the 
predictions of its failure by some of the best mechanical 
engineers of the day, who have since adopted it, the 
Archimedes succeeded perfectly, and attained a speed 
of 9 miles an hour. Messrs. Rennie subsequently, in 
1840, constructed for the Admiralty an iron vessel ot 
210 tons, and fitted it with a pair of engines of 120 
horse power, with the requisite machinery and screw 
propeller, which attained a speed of 12} miles au hour, 





which was four miles an hour more than the Admiralty 
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paddle steamer of that period. This was the first 
vessel propelled by a screw introduced into the British 
navy, and produced a complete revolution in the mili- 
tary and commercial navies of the whole world. Mr. 
Rennie also proposed the twin screw propeller. Thus 
the first Mr. Rennie introduced the paddle steamboat 
into the navy in the year 1819, and his sons introduced 
the screw propeller into the navy in 1840, twenty-one 
years afterwards. 

“ In 1846 Mr. George Rennie was appointed engineer- 
in-chief to the Namur and Liege Railway, which he 
carried into effect; and, amongst other works for this 
line, he designed and constructed a very handsome 
level stone viaduct, consisting of five arches of 80 feet 
span each, over the Meuse at Val St. Lambert. 

About the year 1836-1837, Mr. Rennie, in company 
with the late Messrs. Chapman and Jessop, laid down 
a line of railway between Birmingham and Liverpool, to 
cross the Mersey at Runcorn with a magnificent via- 
duct. This line was to have been connected with 
another direct line, by Sir John Rennie, between Lon- 
don and Birmingham, passing by the Valley of the 
Colne, Aylesbury, Bicester, Banbury, and Warwick, 
which was more level, easy of execution, and shorter 
than the present line. If these two lines had been 
carried into effect the distance between London and 
Liverpool would have been reduced to the minimum 
and the time of the journey would have been greatly 
shortened. 

Mr. Rennie also laid out several other lines of rail- 
ways and other works, viz. the Grand Junction Line, 
to connect the east and west parts of London; the 
Vale of Clwyd line, the Mons and Manege, and others. 
Having naturally a philosophical turn of mind, he 
devoted all his spare time to scientific pursuits, in 
making experiments and communicating the results to 
various scientific bodies. He was elected a Fellow of 
the Royal Society in 1822, and succeeded the late Sir 
John Lubbock as treasurer to the society, and retained 
the office until the year 1850, when he was succeeded 
by the present Dr. W. Miller. In 1828 he wrote three 
valuable papers “On the Friction of Fluids, Solids, 
and on the Strength of Materials,’ which preceded 
those of Genera! Morin by three years, and inn not 
been surpassed since. ‘These papers have been pub- 
lished in the “Transactions of the Royal Society.” 
Mr. Rennie was elected vice-president of the society, 
which office he retained for several years. 

In 1834 he wrote a very valuable paper, which was 
published in the “ Transactions of the British Asso- 
ciation,” “On the History, Principle, and Practice of 
Hydrostatics, Hydraulics, and Hydrodynamics,” up 
to that date, and which is still considered a standard 
work. In 1856 he communicated an excellent paper 
to the British Association, “On the Quantity of Heat 
developed by Water when rapidly agitated,” also 
another “On the Resistances of Screw Propellers when 
revolving in Water at different Velocities;” also 
a paper “Ou Bridges,” in the “Transactions of the 
Institution of Civil Engineers.” He published a 
new edition of Buchanan’s ‘“ Machinery,” with all the 
improvements up to that date. He was a Fellow of 
the Royal Irish Academy, as well as of those of Turin 
and Rotterdam. In fact, he was essentially a man of 
science, both theoretical and practical; and if he had 
devoted himself exclusively to science, he would have 
attained the highest possible eminence. 








THE LATE MR. C. WYE WILLIAMS. 


No one has ever done so much to popularise the 

principles of combustion as Mr. Charles Wye Williams, 
whose death we have now to record. He died on 
Monday last, at his residence, the Nook, near Liver- 
pool, in the eighty-seventh year of his age. Although 
during the greater portion of his long life he was essen- 
tially a man of business, he was also an ardent lover of 
science ; and it is from his scientific writings, rather 
than from his practice, that his name has become so 
widely known. 
_ At the beginning of the present century, Mr. Wil- 
liams was the acting partner in large bleach works in 
the north of Ireland, and he there had occasion to 
make himself familiar with the principles and the prac- 
tical application of chemistry. He listened to the first 
enunciation of the atomic theory by William Higgins, 
and attended the first lectures’ which Davy gave in 
Dublin, as well as those also of the late Dr. Andrew 
re, between whom and Mr. Williams a strong friend- 
up sprung up, to end only with the death of the 
former. When Mr. Williams’s book, on the combus- 
tion of coal, was first put to press in 1839, Dr. Ure 
proof sheet with his own hands. 
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Ireland, and introduced into it, for the first time in that 
country, iron spur gearing, cast by Edwards, of Belfast. 
In 1822 Mr. Williams went to the cost of patenting 
and introducing the feathering wheel, invented by his 
friend, Mr. Oldham, and known as the Oldham wheel, 
and which, under some modifications, at last became 
known as the Morgan wheel. In the next year the present 
City of Dublin Steam Packet Company was formed, 
under the style of Charles Wye Williams and Company. 
Six steamers were progressively built, and the present 
style of the company was at last acquired under the 
provisions of a hatiee granted in 1828, Mr. Williams 
continuing, until within the last few years, to be the man- 
aging director. The company’s Act was obtained more 
especially to enable them to place steam vessels upon 
the river Shannon, upon which half a million of money was 
some time after expended in improving its navigation. 
The company obtained further Acts, one so late as 
1860, to enable them to raise the capital to construct 
the four magnificent steam vessels which now maintain 
the service between Holyhead and Kingstown, and in 
the construction of which Mr. Williams, at the ripe 
age of eighty, took a warm interest, journeying up to 
London to witness the casting of the cylinders of the 
Leinster, at Messrs. Ravenhill, Salkeld and Co.’s. 

Very shortly after the City of Dublin Steampacket 
Company was formed, Mr. Williams, and his co- 
manager appointed by himself, the late Mr. Francis 
Carleton, undertook the formation of a Transatlantic 
steam service, and they built the Royal William, and 
bought the Great Liverpool, both of which vessels 
made several voyages to New York, shortly after the 
first trips of the Sirius and Great Western. The 
Atlantic Company did not succeed, however, and Mr. 
Carleton and the directors of the then Peninsular 
Steam Company formed the present Peninsular and 
Oriental Steam Navigation Company, which took over 
the steamship Great Liverpool for their Indian service. 

Mr. Williams had in many cases to act as his own 
engineer and naval architect, and, at a very early date, 
he applied water-tight bulkheads to divide a ship into 
separate compartments ; and this great improvement 
formed the subject of a paper which he presented to 
the British Association in 1837. 

The first edition of Mr. Williams’s treatise on the 
combustion of coal was printed in 1839, the City of 
Dublin Steampacket Company, by the desire of the 
directors, assuming the whole cost of publication. The 
work was accompanied by large and highly-coloured 
diagrams, illustrating the atomic mixture and combus- 
tion of the gaseous and solid elements of fuel with 
oxygen. ‘This edition of Mr. Williams’s book has long 
been out of — We were so fortunate, however, as 
to receive three copies of it, only a few years ago, 
from the author’s hand, and one of these copies is now 
in the library of the Institution of Mechanical Engineers, 
and there is a copy also in the library of the Institution 
of Civil Engineers. 

We need say nothing of Mr. Williams’s writings on 
combustion. ‘They are unquestionably sound, and are 
written in a manner which every one may understand. 
There are, indeed, those whom we know who have 
found in them their first introduction to a somewhat 
extensive and useful course of practical chemistry. 
The treatise on the combustion of coal has gone 
through several editions, and it has been translated 
into Krench under the auspices of the Minister of 
Marine. Whether, however, it has really led to the 
better combustion of coal in land furnaces has been 
doubted, but we know of many cases where the sub- 
divided air jets have been employed with the best 
results. In locomotive engines it is only the applica- 
tion of the principle so clearly urged by Mr. Willams, 
that of a regulated admission of air over the fire, that 
has enabled us to substitute coal for coke, burning the 
former with but little smoke—often with scarcely any 
whatever. 

In 1856 Mr. Williams received the Society of 
Arts’ gold medal for his essay “ On the Prevention of 
Smoke.” 

In 1860 appeared Mr. Williams’s last work, the 
results of experiments upon which he was still en- 
guged when im his eighty-first year. This was upon 
* Heat and Steam.” It advanced the original view 
that water, as water, could have no other temperature 
than 32°, and that any greater apparent warmth was 
due to the presence of steam diffused among it. This 
view, while it perhaps had no practical bearing, was 
nevertheless argued and illustrated with much inge- 
nuity, and it may have made converts. It is not, 


however, a satisfactory view, and we think one case 
can be put in which the new theory wholly fails. It 
is this: Suppose a steam-tight metal vessel, of any 
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may, or may not, be exhausted of air. Admit within 
it steam of, say, atmospheric pressure, and then shut off 
the supply. The vessel will gradually radiate the heat 
of the steam, which will thus be condensed, and fall in 
water of an apparent temperature of, say, 70° or 80°. 
The sides of the vessel during the experiment will have 
had a temperature varying from 212° down to 70°, but 
not lower than 70°. How, then, can these sides have 
cooled any portion of the steam to water of 32°, leaving 
steam of 212° still diffused among it? We think this 
mode of reasoning shows the unsoundness of the 
theory. 

We will not, however, go now into controversy over 
the works of a great and noble nature just passed 
away. Few could know Mr. Williams without admir- 
ing, if not indeed loving him, and, apart from his 
scientific fame, his memory will long live in the affec- 
tions of many warm personal friends, 








THE INSTITUTION OF NAVAL ARCHITECTS. 

Tue great number of papers read at the recent meeting 
of the Institution of Naval Architects have made large demands 
upon our space. We give, this week, abstracts of all the papers 
not already given, and although Mr. Barnaby’s paper does not 
appear in regular form, we may say that its substance was 
embodied ‘in a leading article in our last number, ‘On the 
Strength of Rivetted Joints in Shipbuilding.” 

At the meeting of Thursday, March 22nd, Sir J. Pakington 
in the chair, 

Mr. John ©. Wilson read a paper “On a New and Easy 
Mode of Working Large Naval Guns.” 

He said: I mount the guns on a horizontal shaft or axle so as 

to cause them to revolve freely. With that object in view, [ 
combine any number of guns, say four as a good specimen, in an 
iron disc, or circular frame of great strength, fitted with an axle 
in the centre. This disc of guns I place in a vertical position in 
a fixed shot-proof house or battery) where it can revolve freely, 
and shoot through both sides. Thejsides of the said gun-house 
or battery I propose to construct of ‘¢normous strength—several 
feet thick. I propose to do this with iron or steel plates, set on 
edge. The drawing hereunto annexpd represents such a disc of 
four guns, placed in a vessel of 5§jft. beam, the same as the 
Bellerophon, so ably designed by My. Reed. 
The mode of working this ordnanée is as follows: The loading 
operation is done from the upper or ammunition deck; the hand- 
ling, aiming, and general management of the guns, from the gun 
deck; aud the sponging and cleaning from the lower deck. It 
will thus be apparent, that while one gun is being loaded another 
is being fired, another sponged, and another cooled, and that all 
these operations may proceed simultaneously. At the same time 
they are kept entirely distinct, so that all chance of confusion in 
action is avoided. 








At the meeting on Friday morning, March 28rd, the Rev. J. 
Woolley in the chair, a paper was read by Captain T. E 

Symonds, R.N., “On the Present and Future of the Twin- 
screw System, its application to Ships with Broadside Batteries, 
and their Construction.” 

Captain Symonds commenced by giving a summary of the 
leading advantages of the twin-screw system, showing that in 
all essential details it possessed great superiority over any other 
method of propulsion, amongst which, economy of fuel was not 
the least important. 

The following exatnples were quoted as illustrating the pro- 
gress of the system during the past year: 

The Ruahine, a twin-screw ship, built by the Messrs. Dudgeon 
for the Panama, New Zealang, and Australian Royal tail 
Company, having the following dimensions: length, 288 ft. ; 
breadth, 34 ft.; depth, 27 ft.; tonnage, 1640 ; horse power, 350, 
nominal; separate and independent double-cylinder expansive 
engines, with surface condensers; screws, three blades, 10 ft. 6 in. 
in diameter, 18 ft. pitch ; draught of water on trial trip, 14 ft. 9 in., 
with a displacement of 1.850 tons, carrying 800 tons dead weight ; 
area of immersed midship section (not given); indicated horse 
power, 1620; immersion of upper blade of screw, 2 ft. 9in.; 
uumber of revolutions, 93; pressure of steam, 30; mean vacuum 
27 in.; speed attained at measured mile, 13.843 knots. 

On a trial trip down channel, lasting forty-eight hours, with 
1200 tons dead weight on board, with a displacement of 2650 
tons, draught of water 19 ft., area of immersed midship section 
542 ft., indicated horse power averaging 1400, pressure of steam 
30, mean vacuum 27 iu., average revolutions 81; her speed was 
12.60 knots, on a consumption of 28 cwt. of coal per hour (about 
2.1 lb. per horse power per hour). 

On her first voyage out from Southampton to St. Thomas’s, 
she ran the distance of 3762 miles in 860 hours. Coal con- 
sumed for all purposes on board was 489 tons, being still at the 
rate of 28 cwt. per hour; average speed being over 10 knots. 
On the run between St. Thomas’s and Greytown, she ran the 
distance of 8066 miles in 801 hours, including nine stoppages at 
different ports, making an average speed of 10 knots per hour, 
consumption of coals being 424 tons, or 28 cwt. per hour. 
During these passages she encountered every variety of weather, 
and proved an admirable sea boat. It will be seen, by compar- 
ing the above, that with one-third more displacement, and about 
one-tenth less power, slie made only one knot less speed, which 
is attributed solely to the screws working under a greater head 
of water; the immersion of the upper blades being on the light 
draught trip 2 it. 9 in., and on the Toad draught 7 ft. 8 in. 

On the trial trip of this ship, at which the Earl of Lauderdale 
and some of the members of the Turret Ship Committee and 
many other authorities were present, the following remarkable 
incident occurred, which illustrates more forcibly the extraor- 
dinary influence exerted by the twin-screws than has yet been 
recorded. In going down the river at the rate of about 11 
knots, it became necessary to stop the ship suddenly. One of 
the screws was reversed, and the vessel brought with her 
head up the river in the space of two minutes; the ship’s head 
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was turned down the river in less time than the preceding 
evolution was made, and she continued her course to the Nore. 
This evolution is unparalleled in the annals of steam naviga- 
tion, and under similar circumstances, considering the ship as 
288 ft. long, and the space she had to turn in was only 250 
yards, it was an evolution that could never have beeu accom- 
plished by a ship propelled either by a single screw or paddles 
of the same proportions; and it is a question whether any man 
could be found bold enough to attempt the same experiment 
except under circumstances of most pressing danger. 

The Mary, a twin-screw vessel, also built by Messrs. Dudgeon, 
of the following dimensions, viz., length 230 ft., breadth 27 ft., 
depth 21 ft., 840 tons, B.M., separate and independent ordi- 
nary engines of 250 nominal horse power, 3-bladed screws 8 ft. 
6 in. in diameter, pitch 17 ft., draught of water 9 ft., immersion 
of screws 6 in., displacement 860 tons, average number of 
revolutions 106, indicated horse power 1234, pressure of steam 
251b., mean vacuum 26.5 inches, speed at measured mile 14,12 
knots. 

This vessel is a regular trader between London and Gotten- 
burg during the last twelve or fifteen months; she is employed 
in the northern cattle trade, and during that period has en- 
countered the severest gales and heaviest seas that have been 
remembered in the German Ocean, performing her passages 
with a regularity and freedom from accident seldom experienced 
in steamships traversing that stormy route. Although of high 

wer and comparatively light draught, and consequently not 
immersing her screws so deeply as the vessel first referred to, 
their action was constant and uniform, rarely pitching or rolling 
them out of water, as is the case in single-screw ships, and 
therefore maintaining an average rate of speed in heavy weather 
which could not have been attained by either single screw or 
paddle. This vessel has reduced the average time of the voyage 
»y more than half, making the passage in 47 hours instead of 
100 hours. Her average speed has been 13 knots on a draught 
of 12ft., with a displacement of 1250 tons, 1062 indicated 
horse power, consumption of coal 32 tons per 24 hours, being at 
the rate of 3 lb. per horse power per hour, with 95 revolutions of 
the engines, which, as before mentioned, are of the ordinary type. 
The Mary has brought regularly full cargoes cf cattle through 
the heaviest weather of the last winter without any accident, 
and has reduced the loss in cattle from thirty to about a half 
percent. In proof of this, when the underwriters refuse to 
insure at 20 per cent. in other vessels, they are willing to insure 
her at 2} per cent., which is accounted for by her great sea- 
speed and comparative steadiness in the worst weather, due in a 
measure to her length and form, but principally owing to the 
equable and continuous action of her propellers. 

It was pointed out that the coal bill (which, after all, is the 
test) of these vessels would contrast favourably with that of any 
other steamer afloat. An instance was quoted in the Kaikura, 
a single-screw steamer of the same dimensions as the Ruahine, 
built by Mr. Langley for the same company, which made 12.5 
knots, with 1100 tons dead weight on board, 1645 horse power, 
and showing a consumption of 35 ewt. of coal per hour. 

As confirmatory of the successes achieved by the Ruahine and 
Mary, Captain Symonds added that of the Minerva, twin-screw 
armour-clad turret vessel, built by the Messrs. Laird, of Liver- 
pool, of the following dimensions : viz., length 180 ft., width 
35 ft., tonnage 1000, draught of water 8ft., 140 collective 
horse power, showing, on her trial, a mean speed of 10.5 knots. 
After the trials of speed, the turning powers of the vessel were 
tried under various conditions, with very satisfactory results; 
the vessel was circled on her centre, and could thus be placed in 
any position that might be desired for bringing her guns to bear, 
without necessarily making any progress through the water to 
give steerage way. An experiment was also made in steering 
the vessel, when at full speed, without the rise of the rudder, 
when it was found that the vessel was quite under command in 
steaming up the strong tideway of the Mersey, the rudder 
being lashed amidships. ‘These examples illustrated the present 
state of the question; that of the future was minal in the 
fact that the Admiraity had at length deemed it worthy of at- 
tention. Two gunboats were nearly completed, and a frigate 
about to be built on this principle; it was, however, to be wished 
that it had met some better illustration than these low-powered 
vessels, in which the twin-screw system had every chance of 
being brought into disrepute, owing to the —— and 
difficult nature of their construction, which added weight, re- 
duced displacement of the after extremity, and left the rudders 
and steering gear more than ever exposed to casualty. It had 
been stated publicly that these vessels were constructed on the 
plan = by Captain Symonds, but he repudiated it, and 
considered them defective as regards the method of applying 
their screws, steering power, and defensive armour. The vessels 
in question have no point of similarity beyond the fact of having 
two rudders and two screws, thus far recognising the principle 
advocated by him and his late friend Mr. Richard Roberts. 

Diagrams and plans were submitted, showing the manner in 
which the Chief Constructor of the Navy applied his twin screws, 
as in the Viper and Vixen, showing that it was merely adapting 
the sterns of two single-screw vessels to one hull, with all the 
extra weight and appanage belonging to that system. 

Captain Symonds’s method was shown on a model of the same 
dimensions as the Viper, which he had been called upon by the 
Admiralty to design and tender for. In comparing these, he 
pointed out that the Admiralty model, taken at 40 ft. from the 
after extremity, was 25 tons weig! t ia excess of his, and that the 
form adopted by him was thus much lighter, less intricate, and 
could be Euilt at less cost of time and material, besides being 
better calculated for buoyancy and speed. Attention was drawn 
to the protection afforded to the rudders and steering gear, whilst 
those of the Admiralty model, by projecting beyond the stern, 
were exposed to injury ; the working areas of his rudders were 
constant, whilst the other would be fluctuating. 

Two points in connexion with the twin-screw system might be 
considered firmly established, namely, that the screws have a 
certain advantage in working in less disturbed water: being re- 
moved from the confluence of the two streams closing in the 
wake of the ship, they were free from the influence believed to in- 
terfere with and partially neutralise the action of the single screw ; 
and that the after body can be made fuller than in a single 
screw ship, thus obtaining increased displacement without loss 





of speed. The appearance of the wake of a ship fitted with 
twin screws was contrasted with that of one fitted with a single 
screw ; in a single-keel ship the streams from either screw con- 
verging on the rudder rendered the steering perfect, and obviated 
the necessity for balanced rudders or other mechanical devices ; 
and when the screws were lifted, there being no aperture in the 
dead wood, the rudder acted with the same effect as in a sailing 
ship. 

ii he application of twin screws for training guns in broadside 
ships was, in a military point of view, a feature of the utmost 
importance. So far back as 1862, when lecturing at the Royal 
United Service Institution, he had described the ship thus fitted 
“ would become the turntable for the guns, and thus bringing 
“the guns into action as required, an incessant fire might be 
“kept up.” Since that, ample proof had been afforded that 
this was no delusion ; the practice of training fixed guns by this 
system in America proved the fact, and he had himself illus- 
trated it to the tides of many naval and military autho- 
rities in this country. Did not this remove many difficulties in 
the construction of ships with broadside batteries, the guns of 
which could be brought to bear with even greater facility than 
by the moveable turret, dispensing with costly and complicated 
mechanism, preserving the form and arrangement of sea-going 
ships, without curtailing the accommodation of the officers and 
crew, or the necessary conveniences for stowing boats and spars ? 
He, in common with others, had been astonished at the state- 
ments lately made in high places in advocacy of the turret 
system, and denied that the majority of naval officers were con- 
verts to it, or that it possessed the advantages claimed for it 
over the broadside system, as applied to sea-going ships, more 
especially as regards increased accommodation and ventilation, 
as was stated lately by an honourable member of the House of 
Commons ; to claim increased accommodation in a ship deprived 
of one deck was tantamount to saying that should a man take 
a house with three stories, cut off the upper story, and put three 
or four closets in his dining-room, he would have more room in 
his house for stowing his furniture and entertaining his friends 
than previous to the alteration, Captain Symonds also denied 
that 8 ft. free board would be sufficient for a sea-going ship of 
3000 tons, heavily laden with armour, and could not conceive 
how any seaman gave his support to such a theory. 

From his earliest acquaintance with the twin-screw system, 
he had kept in view the capability of making it subservient to 
the advantages souglit to be obtained in the turret system, 
believing that in the end the balance will be in favour of the 
former. Recent experiments with broadside guns have solved 
the question; guns of equal weight can be worked from the 
broadside or ends of a ship, specially constructed, with greater 
facility than in a turret; a greater number of bow and stern 
guns can be fired in a line with the keel at any required angle of 
depression or elevation, and more guns can be brought to bear 
on a given point than in any turret ship of a similar size. He 
pointed out how this could be accomplished without departure 
from normal construction, or loading the ends of a ship with such 
a weight of armour as to incapacitate her from attaining a high 
sea speed, or keeping the sea in bad weather, 

Captain Symonds then proceeded by diagrams and models to 
illustrate his method of accomplishing this. (We regret that, 
from want of space, we cannot give a more complete abstract of 
Captain Symonds’s paper, which was of considerable length and 
much interest.) 

Mr. Dudgeon said, that as the principal builder of twin-screw 
steamers, he might be expected to say a few words. In building 
his steamers he had met with none of the difficulties which 
Captain Symonds had foreshadowed. He had now made thirty, 
and he was happy to say that not one of them had yet inet with 
an accident, and he had not suffered the loss of even a single 
screw. He stated last year, that there was a saving of 15 per 
cent. in the use of the twin screw, as compared with paddle 
wheel steamers, and this statement was then looked upon as a 
mere assertion which could not be corroborated. But he was 
happy to say that he could now substantiate what he then 
stated, and the actual details could be given, Captain Symonds, 
while condemning the Admiralty patent, commended his own a 
little too much, and only gave him (Mr. Dudgeon) a very 
moderate share in the honour which ought to arise from the in- 
troduction of the system. For his own part, he believed neither 
of those systems to be so good as his own. In the first place, the 
steering qualities of the Admiralty patent could not be carried 
out, and the water could not get to the screws in the way that 
itought, and Captain Symonds’s system was also open to the same 
objection, though not to so great an extent; but he asked any 
man who understood the subject, whether there could be a 
better plan adopted than his (Mr. Dudgeon's), inasmuch as it 
gave as much stability in the rudder as they could possibly con- 
ceive. He was not a sailor, but he had made voyages in one of 
his ships, and found that the vessel did not vary a single spoke 
of the wheel in speed in the worst seas, as long as the two screws 
were submerged, and there was hardly any power that could 
stop the revolutions or check the progress of the vessel. In 
these times when competitive trials were the order of the day, 
he wished that a fair trial could be given to each system, and he 
had no fear of the result with regard to his own. 

Sir Edward Belcher said he had been present at most of the 
trials of Mr. Dudgeon’s ships, and they certainly attained a 
greater velocity than he had been accustomed to in any other 
vessels. He believed the action of the rudder, on Captain 
Symonds’s principle, would be that, without the action of the 
screws being so much more below the line‘ than the direct line 
of the water, they would there have the smallest possible angle 
acting with the greatest effect upon the smallest inclination of 
the rudder but, having witnessed Mr. Dudgeon’s experiments, he 
was bound to say that, in whatever direction they turned, the 
action of the rudder was quite sufficient for all the purposes of 
navigation, and he believed that when both screws were work- 
ing together, the water was more condensed and more available 
for action than in Captain Symonds’s plan. A gentleman present, 
Mr. Curtis, had also taken him to the trial of a screw attached 
to the rudder, and there he found that the turning could be best 
effected at an angle of 22° instead of 45°. Too great an angle in 
steering caused the vessel to turn round, apparently, more in 
her own space ; but the velocity was impeded. Though he gave 





Captain Symonds credit for the plan he had proposed, he yet 





thought that they owed Mr. Dudgeon a large amount of 
gratitude. 

Mr. Beaumont read the official reports of the trials of the ships 

to which Captain Symonds had alluded. He also quoted the 
case of a twin-screw steamer whose oy ny | broke down when 
halfway home on her voyage from the West Indies, but she yet 
completed her voyage to Southampton with one engine, at a speed 
of 74 knots. 
Admiral Halsted made some observations, and ridiculed the 
notion of a ship being turned into a turntable, or made like a 
cockchafer upon a pin. He also objected that the plan proposed 
was a very complicated one. 

Captain Symonds replied. Sir Edward Belcher, he said, had 
forgotten that the _— of placing the rudder before the 
screw had been tried in the Caroline, a vessel which had been 
running for some time. She was built by Mr. Scott Russell, and 
the rudder had acted perfectly ; so that the objections made toit 
would hardly stand good. It was of great importance that a 
ship, when fighting, should be able to turn easily, and he had 
shown that a vessel of this construction could fire four guns ab- 
solutely in a line with the keel, and he believed that this could 
not be said of any other. The fact mentioned by Mr. Beaumont 
was a very important one, in a mercantile point of view, namely, 
that a rapid passage could be almost secured, even if some of the 
machinery should unfortunately break down or become out of 
order. 


Commander Scott, R.N., read a paper “ On Structures for Car- 
rying Heavy Ordnance.” 

There are before the world at the present moment two com- 
veting methods for housing and working gunsin ships—one 

nown as the turret system, the other as the broadside system. 

Of the latter system I have been for many years a firm advocate 
for the English sea-going navy; and the only experience we 
have had of the turret system is not such as to change my 
opinion. 

Admitting for a moment that it is possible to work heavier 
guns in a turret than on the broadside—though I am prepared 
to dispute the point—so long as the broadside guns are heavy 
enough to pierce the armour plates of the enemy, the greater 
rapidity of fire from the broadside would far more than compen- 
sate for superior weight of metal. 

In the recent struggle in America the fire of the monitors was 
spoken of as ‘‘ painfully slow,” and it was unequal to the task ot 
subduing the batteries opposed to it, though the New Ironsides, 
a broadside vessel of far less nominal force than the united mo- 
nitor squadron, and throwing a much less weight of metal, 
found little difficulty in subduing the fire of the same batteries 
fifteen minutes after she was sent into action. 

The monitors had to contend with two difficulties. The cap- 
tain of the gun, who was supposed to direct the fire from the 
top of the turret, could not show his head, so overpowering was 
the musketry fire from the batteries; and the artillery in the 
battery, by watching the moment when the opening of the 
turret was approaching its firing point, let the turret have 
their fire before it was ready to do them a mischief. 

Nor is their helplessness in action their only failing. The 
Monadnoe, for instance, whose performances are so much ex- 
tolled, and which doubtless carries a very formidable arma- 
ment, cannot be trusted at sea alone, I am informed by 
letter from America that in her recent voyage to Rio a 
steamer escorted her to aid her in case of difficulty—a precau- 
tion rendered necessary by the foundering of one monitor in a 
moderately high sea, and the extreme danger run by others 
under similar circumstances. 

I must admit that at anchor and closely battened down with- 
out a soul on deck, the absence of masts and of hull out of 
water renders them comparatively safe from shipwreck, through 
dragging their anchors, but this is not all that is required of a 
ship of war for any nation, and is a very small part of what is 
requisite for a country like England, when cruisers must keep 
the sea in all weathers, and may be called upon to fight in a roll 
which would sink a monitor. The story of the French liner 
attacked by two English frigates and unable to open her lower 
ports, is familiar to ever sailor. We have also learned from 
American experiences, that the enemy’s fire is very destructive 
to the turning gear of the turrets. Although the powder of the 
Confederates was noteriously weak, and their projectiles of light 
weight, and fired from make-shift ordnance, their fire in many 
instances sufficed to jam the turret so as to render it useless. 

In the case of broadside ships, Captain Scott considered it in- 
dispensable that the structures to carry the gun should possess 
the following qualifications; 

1st. The deck and sides of the ship must be so firmly braced 
and so securely connected that they can resist the strains which 
the gun, both in action and in heavy seas, will bring upon 
them. 
2nd. The arrangement for the slide must be such as to enable 
it to be so firmly attached to the deck as to withstand, without 
giving way, both the shock of the gun’s discharge and the strains 
occasioned by the ship’s roll, under the gun’s weight. : 

8rd. The gun carriage must be so far firmly connected with 
the slide that the recoil of the gun shall not, under any circun- 
stances of giving of the breeching, or failure of the meaus of 
retarding recoil, throw the gun carriage off the slide. : 

4th. That the mounting shall admit of the port being as high 
as possible out of the water, which will render her fighting 10 
a heavy sea safer, as well as give greater protection to the gunners 
under all circumstances, and that it shall also admit of traiming 
through a large are. The advantage of rapidity of fire and 
general steadiness of the parts of the weapon are too obvious to 
call for special mention amongst the qualifications of a good gun, 
but in describing my system I shall be able to give proof that 
in these points also it possesses more claims to attention than 
the other systems which I shall have to describe. 


ty, : : : f 
Captain Scott illustrated his paper by several diagrams 0! the 
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The ———— given by the strong racers bolted through the 
deck (which were first introduced in the Research), and the 
manner in which the whole platform was firmly bound together, 
prevented all damaging jar upon the ship’s frame, and the use of 
wood, both in carriage and slide, absorbed the concussion that 
was S0 apparent in the other carriages. ; 

After firing two rounds per minute, and ten consecutive 
rounds in 4 minutes and 48 seconds, and withstanding double 
shotting with the full 40 1b. charges, the tackling was put to 
the crucial test of having the gun fired nineteen times at the 
top or sharpest part of the roll, the angles being 103°, 10°, 73°, 
7°, &e. At the conclusion of this final trial, 200 rounds having 
been fired, Captain Key generously praised the guns’ crew, and 
told them that the gun -mounting, worked by them, had come 
out most triumphantly. 

Admiral Halsted congratulated Commander Scott upon the 
success of his gun slide. He had done a very valuable thing for 
broadside artillery, and he would be doing a still greater favour 
if he would give them a turret gun carriage. It would be but a 
poor job, perhaps, but somebody must do it. Supposing ten 
ships carried ten guns each, they would really, on the broadside 
principle, only carry five each, and therefore, if that system con- 
tinued, they would have always to carry a double number of 
guns. ; 

Mr. Hedman said he thought that some of the remarks of 
Commander Scott as to the broadside system, were arguments 
in favour of the turret system. He had spoken of holes in the 
deck as tending to weaken the ship, but he could tell him that a 
yessel could be made with holes in the deck as strong, if not 
stronger than.a broadside ship, and quite as watertight. Moni- 
tors had been spoken of, and the broadside advocates mixed up 
the American monitors with Captain Coles’s system. ‘They con- 
demned the monitor system, and with the same arguments con- 
demned the turret system, whereas the two were quite different, 
Captain Coles now proposing to make a_ perfect sea-going ship. 
The argument as to running guns in and out was also in favour 
of the turret system, inasmuch as in the broadside system it 
involved a disadvantage which was not to be found in the turret 
system. 

“ Mr. Galloway said the question before the meeting seemed to 
be whether the broadside or the turret system best answered the 
object required. For his own part, he was in favour of broad- 
sides, for he believed that in an engagement the preponderance 
of armour would carry the day. He had long studied the sub- 
ject, and, as an Englishman, he wished to see the country 
possess such ships that no nation would ever contend with us 
tor the dominion of the sea. 

Captain Steuart said he lately heard two American officers, 
one a Federal and the other a Confederate, agree that had the 
firing upon Fort Fisher been carried on by the monitors it was so 
slow and inefficient, that the fort would never have been 
destroyed, and that it was the broadsides that did the work. 
The same gentlemen said that the monitors were only intended, 
in the first place, to defend the harbour, as it was expected that 
there would be foreign interference on the part of the great 
powers of Europe; but when afterwards forts had to be attacked, 
they constructed broadside ships. 

Captain Heath thought we were too much inclined now-a-days 
to expect one machine to do more work than it could do. We 
tried to combine in one ship the qualities which were required in 
different proportions according to the work which the ship had 
todo. ‘There was no doubt that great speed, heavy armour, 
heavy armament, and good accommodation were all very 
valuable, but it was impossible to combine all these elements in 
any one ship, and according to the purpose for which a ship was 
designed, there must always be a compromise of those qualities. 
For line-of-battle ships they wanted heavy armour, but not much 
speed ; for cruising frigates they might increase the speed and 
diminish the armour; and in commerce-destroying ships, or 
Alabamas, they might perhaps dispense with armour altogether, 
and sacrifice everything to oat The same error which he 
had mentioned prevailed with regard to turrets and to broadside 
ships. Because turrets were good in one place it was supposed 
that they must be good everywhere, and vice versd, His own 
opinion was, that the turret showed to the best advantage in a 
small ship almost flush with the water, with a sunken turret 
and no masts, and made so as to command the whole circle. It 
was thus in its most efficient state, and the ship being almost 
flush with the water, the enemy’s shot would take the least effect 
upon her. Such vessels, he believed, could be rapidly and cheaply 
produced at the breaking out of a war. 

Mr. Andrew Murray said that, having had something to do 
with the construction of the turret of the Royal Sovereign, he 
would make one or two remarks on the comparative means of 
working a heavy gun in turrets as compared -with broadsides. 
The turret system gave a perfectly fair and true surface upon the 
deck, and then gave a proper conical roller under the slide, and 
thus the gun was turned with perfect facility, and in an in- 
expensive way. ‘Ihe slide in the broadside system was for the 
purpose of training the gun, as in the turret system. In fact, 
the gun-carriage, both in the broadside and in the turret, 
ought to be very much alike, 

Commander Scott replied, and contended that as England 
would always be an attacking force, he argued, ‘as a naval 
oflicer, that he should not want to get behind any sheltering 
batteries, but to go and find out the enemy, and, therefore, it was 
necessary that they should have ships and ordnance adapted to 
this purpose. He believed tley could fire faster in the broad- 
side than in the turret system, and he had been told that the 
effect of a shot striking upon a turret was so severe, that 
though the crew were ready to fire, they did not do so. 

Mr. Napier asked Mr. Wilson whether his turret was really a 
turret, or a house on the deck. < 

q Wilson replied that it was a rectangular house along the 
ck, 





Mr. John Bourne then read a paper “ On the American System 
of Turret Ships.” 

Mr. Bourne, after expressing his strong opinion that the 
monitors would be found every way more formidable, destruc- 
tive, and impregnable in war than broadside ships, said the 
principle of the American turret system, otherwise called the 


contrary, the broadside principle, as commonly applied, represents 
the principle of diffusion. In the monitor system the area to be 
protected is made the smallest possible, and the weight of 
armour carried by the hull is concentrated into a thickness im- 
penetrable to any existing gun. In the broadside system the 
same weight of armour is spread over a long and high side, and 
it consequently becomes so thin that existing guns can pierce it. 
So in the guns. In the monitor system the weight of the 
broadside is coucentrated into two heavy shot, whereas on the 
broadside system it is broken up among a number of small shot, 
of little more avail against heavy armour than the missiles from 
pop-guns. I disallow the claim sometimes put forward on be- 
half of turret vessels that they alone are capable of carrying 
heavy guns. consider such a pretension to be not only un- 
established but absurd, and in America as well as here it has 
latterly been disproved by experience. Nor do I deny that, in 
the present state of our knowledge, broadside vessels are useful 
and even necessary in war; but | maintain that in any contest 
between two vessels of equal size, of which one is built on the 
monitor system of concentration while the other is built on the 
broadside system of diffusion, the monitor vessel must neces- 
sarily prevail, for the simple reason that a strong power, whether 
of penetration or resistance, must necessarily prevail over a weak 
one. This is not a question of revolving turrets at all, but is a 
question of power of gun and thickness of armour. It would be 
easy to raise the side and to multiply the number of turrets in a 
turret vessel until her guns and her armour became as weak as 
those of any existing broadside vessel of equal size, while, on 
the contrary, it would be easy to contract the protected area 
and the number of guns in a broadside vessel until her powers be- 
came equal, or nearly so, to those of any monitor. The central fort 
system is a partial adoption of the principle of concentration, 
but it would require to be carried very much further than it has 
yet been to enable a vessel constructed on that plan to cope with 
such monitors as the Puritan and Dictator, with their 15 in. 
and 20 in. guns and iron turrets 15 in. thick. If, however, all 
the unprotected parts of a central fort vessel were to be cut 
away, and the length of the protected side were to be so reduced 
that the fort became a square tower, while the numerous small 
guns were exchanged for a few large ones, then we should 
have a vessel which would be more tlian a match for any turret 
vessel of equal size, constructed with a high side and a number 
of turrets, since in these hypothetical vessels the condition of 
concentration would, in fact, be reversed. It is not in the form 
of the turrets, nor even in the ability to turn them, that the 
superior efficacy of the monitor system chiefly lies. It is in the 
eflective development of the principle of concentration which 
that system permits and exemplifies, and which enables such 
an overwhelming force to be directed against some vital point 
that it cannot be resisted. In the monitor system all super- 
fluous parts are rejected, tothe end that the really essential 
nay receive greater strength and force, and by this mechanical 
economy that concentration of effort is promoted which it is 
the purpose of the system to produce. But although the 
principle of concentration has been partially introduced into the 
broadside system by limiting the application of the armour to a 
belt at the water-line and to acentral fort, and although still 
greater strength might be obtained on that system by removing 
the portions of the hull which are destitute of armour, and by 
contracting the fort to the dimensions of a square tower, it will 
be plain that while this modification would permit greater 
strength of armour and of gun, and represents the greatest 
amount of concentration of which the broadside principle is 
susceptible, the result will be inferior to the round central 
tower of the monitors, both because the square tower will be 
weaker than the round, and because, being immovable, it will 
not afford equal facility in the manoeuvring of the guns. ‘The first 
condition of success in all war, whether by land or sea, lies in 
the possession of the power to concentrate an overwhelming 
force upon any desired point, and it is merely because the 
monitors better do this than any existing vessels that their 
superior efficacy as vessels of war necessarily ensues. ' 
One argument in disparagement of the monitor system, and in 
advocacy of the broadside, which has been put forth is, that if 
we suppose any particular gun to be the largest which it is 
possible to construct, and if we place two such guns in a monitor, 
we may, by a comparatively small extension of the dimensions 
of a bruadside vessel of equal size, place more than two such 
guns in the broadside; and it is argued that several guns of a 
given bore must necessarily be more effectual than two. No 
doubt this would be so if we admit the premises; but I cannot 
discern a limit to the size of guns any more than to the size of 
ships; and if we enlarge the size of the ship, it will be more 
useful to enlarge the size of the guns tian to multiply their 
number. No doubt in the case of large guns bored 
out of the solid there is a limit of strength which is very soon 
reached ; for the difference in the circumterential lengths of the 
inner and outer layers permits the inner layer to be strained to 
the point of rupture helene the outer layer is strained sufficiently 
to exert much of its strength, and the gun is consequently 
burst in detail in the way in which a sheet of paper is torn. 
Then very excessive pressure may permanently compress the 
radial columns of metal of which the gun may be supposed to be 
built up, in much the same way in which the face ot an anvil is 
indented by a small particle of detonating powder when laid on it 
and struck by a hammer; and as in a gun the area pressed by 
the powder gas increases as the square of the diameter, while 
the weight of the ball increases as the cube, there will be a 
larger internal pressure per square inch in large guns than in 
small, 1f the same kind of powder be used, and if solid balls be in 
each case employed. These constitute the difficulties of large 
guns; but they are all superable, and many of them have been 
already surmounted. 

Mr. Bourne then entered into some detail as to the modes by 
which very large and strong guns might probably be fabri- 
cated. 

It will not be expected that the monitor system can be de- 
scribed in much detail within the narrow limits to which these 
remarks must be restricted. But the main features of the 
system will be apprehended by a reference to the accompanying 
diagram,* whichis a transverse section of the Dictator. This 





vessel is 314 ft. long on deck, 50 ft. beam, and draws 20 ft. of 
water, while the height of the side above the water is only 16 in. 
She is propelled by two engines, the cylinders of which are of 
100 in. diameter and 4 ft. stroke, and she carries 800 tons of 
coal in her bunkers. The pitch of the propeller, which is formed 
with four blades, is 34 ft, The boilers have 1128 square feet of 
grate surface in fifty-six furnaces, and present over 32,000 square 
feet of heating surface. The vessel was designed and built 
under contract by Captain John Ericsson, of New York, the in- 
ventor of the turret system of ironclad vessels. The Puritan, a 
sister ship, also designed and built by Ericsson under contract, 
is 345 ft. long on deck, and carries 1000 tons of coal in her 
bunkers. Contrary to Ericsson’s advice, the Puritan was fitted 
with two turrets. But one turret has since been discarded, and 
the vessel has thus been enabled to carry 20 in. guns, whereas 
the Dictator is fitted with only 15in. guns. The 20in. gun 
weighs 40 tons. The pilot-house is placed over the centre of 
the turret, which latter has a bell-mouthed top of plate 
iron, } in. thick, placed so as to throw off any water which may 
dash up against its sides. The turret is 24ft. inside diameter, 
9ft. high, and 15 in. thick. A wooden grating is carried round 
the edge of the bell-mouth to serve as a promenade, and is fitted 
with handrails, while awning stanchions are introduced to enable 
an awning to be spread in hot weather. The pilot-house is 8 ft. 
inside diameter, 7 ft. high, and 12in. thick, and is furnished 
with sight-holes. The weight of the pilot-house is carried by a 
cross beam, which rests on a strong collar, formed on a stationary 
central pillar, and the pilot-house is firmly fixed to this pillar, 

while the turret with its guns revolves around it. A considerable 
part of the weight of the turret is carried on a collar formed on the 
central pillar by tightening up diagonal rods, which is done by 
turning them round in their screwed sockets. The floor of the 
pilot-house is formed of a wooden grating through hinged hatches, 
in which the steersman and captain gain admission to it from the 
turret. In the original Monitor the steersman was placed in a 

small shot-proof tower set near the bow of the ship, and speaking- 
tubes communicated between it and the turret. But the incon- 
veniences of that arrangement in action were found to be so 
great that it was abandoned in favour of the existing plan, by 
which both the helmsman and the gunner are _ under the 
captain’s immediate eye and control. The cross-beam already 
referred to carries rafters supporting iron bars 4 in. deep, 3 in. 
thick, and set 2}in. apart, covering the top of the turret; and 
on these bars pertorated iron plates, lin. thick, are laid. ‘There 
is a geared wheel, armed with lugs which are bolted firmly 
to the gun slides; and as these slides are fixed to the turret, 
it follows that the turret will be turned by turning round this 
wheel which is done by appropriate wheel-work gearing with 

it and driven by a pair of donkey engines. Bulkheads are car- 
ried across the vessel beneath the turret to give the requisite 
strength. The port stopper consists of a massive piece of 
crankéd iron, supported by short and thick gudgeons at each 
end; and when it is turned in one direction it closes the port, 
but when turned in the other, it enables the gun to be protruded 
through the port. There is a radial bar above the gun, on which 

a wheel runs earrying a block and tackle, with a shoe or scoop 
at its lower end; and, by the aid of this contrivance, the shot 
may be raised from the shot locker beneath to the muzzle of the 

gun. The steering wheel is on the top of the turret, and its 
motion is continued by means of a rack sliding in a slot formed 

in the central pillar to the steering barrel, and from thence to 

the rudder, which is of the balanced kind, The gun is brought 

up to the port to be fired by a winch handle, moving wheel- 
work attached to the carriage, working into racks on the gun- 

slides. ‘The handle is then focked by a suitable detent, and the 

recoil is taken up by a friction coupling intervening between the 

handle and the racks, and which is formed of a series of discs 

set in a box, by turning some screws in which the friction may 
be made greater or less, and the recoil will be thus adjusted to 
the exact point required. The introduction of this contrivance 
enables the guns to be fired more rapidly than heretofore. ‘The 
turret turns on an iron ring inserted into the deck; and the 
bottom of the turret is fitted with a gun metal ring which re- 
volves water-tight upon the iron one, the surfaces being made 
quite true. il holes are introduced at intervals for the purpose 
of lubrication, and an internal gutter with small scupper pipes 

conducts to the bilge any water which may leak through the 
Joint. 

There are two points in connexion with the monitor system 
which will have occurred to most person as material topics of 
inquiry. The first is whether large and heavy vessels rising so little 
above the water can be made seaworthy at all, and the second is 
whether even if this can be done it will not be at the expense of 
the airiness, comfort, and healthful character of the vessels. 
Now it is undoubtedly the fact that large and heavy vessels are 
less lively at sea, or, in other words, rise less rapidly to the waves, 
than small and light vessels do, and if there are openings in the 
decks through which the water may enter, and if at the same 
time the sides are very low, such vessels will stand in imminent 
danger of being swamped. ‘This risk will be obviated, however, 
if the decks are hermetically closed, or if the openings through 
which air is admitted, and through which an entrance 1s obtained 
to the interior of the vessel, are placed in towers of such an 
height that the waves cannot overtopthem. For in the roughest: 
seas the waves do not rise higher than about thirty feet, and 
even if the vessel did not rise to the sea at all, but were as 
complete a fixture as the Eddystone rock, the sea nevertheless 
could not enter if the only opening to the interior were through 
a high tower, which, though dashed by the spray as the Eddy- 
stone lighthouse is, the waves nevertheless could not submerge, 
In point of fact, the monitors do rise to the sea, but even if they 
did not rise one inch they would not necessarily be therefore un- 
safe, provided a suitable metuod of construction for the new 
conditions involved were simultaneously adopted. In the 
Dictator the sixteen inches of hull not immersed gives an 
ascensional force of 500 tons if sunk in the water. ‘There are no 
open hatches in the deck of that vessel, and the air required 
for ventilation, and for supporting the combustion of the coal 
in the furnaces, is drawn through the top of the turret, 
or through shot-proof trunks carried high above the deck, and 
so designed as to let in the air, but to keep out the water. 
Commodvre Rodgers, in reporting upon the performance of one 








monitor system, is the principle of concentration, while, on the 


* To appear in the Transactions of the Institution. 
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Mr. Murray said he had not the slightest desire to detract 
from Mr. Baker’s merits, but he would remind them that venti- 
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introduction for the defence of our coasts and harbours would present. Mr. Galloway, as one who had himself. worked in the stoke- 
hole, earnestly urged the importance of doing something to alter 


hat by no other form of 


nevertheless be indispensable, seeing t 
light draught, 


vessel can we, with moderate dimensions and a 
combine impenetrable armour with heavy guns. 

With regard to the ventilation of the monitors, so far is it from 
being faulty, that it is now well known to be more perfect than 
that of any vessels afloat. In the smaller class of monitors, the 
whole air within the vessel is changed every five minutes, and it 
appears by a report which the Secretary of the United States 
Navy made to Congress during the last year, that the monitor 
vessels are the healthiest vessels in the fleet. He says: “ There 
« was less sickness on board the monitor vessels than in the same 
++ number of wooden ships, with an equal number of men, and in 
“ similarly exposed positions. The exemption from sickness in 
the iron-clads is in some instances remarkable.” He adds: 
“ No wooden vessels in any squadron throughout the world can 
“ show an equal immunity from disease.” Instead of the stifling 

ndemonium, therefore, which some persons have imagined the 
interior of a monitor to be, it turns out, on the contrary, that it is 
airy, wholesome, and comfortable in every respect, and it affords 
excellent quarters for the crew. Light is admitted to the cabins 
through numerous bull's eyes inserted in brass frames let into the 
deck, but in going into action the lights are covered up, and 
lamps are then employed. The Dictator has a spacious 
promenade deck or platform, supported on pillars at near] the 
same level as the top of the turret, and from the bottom of this 
platform the boats are suspended. The vessel has no masts, but 
telescopic masts could easily be introduced, which would enable 
her to proceed to any point under sail alone, and thus to husband 
her coal until it,was required that she should exert all her 

owers. 

Mr. Reed said, he thought it was of great importance that 
this subject should be fully brought before the institution, and 
it was no less important that the country should have before it 
the relative strength of England and America in this respect. 
There was oe one point in which he thought the ship in ques- 
tion contrasted badly with a broadside ship, and that was that it 
could only get at a broadside ship by penetrating it; whereas a 
broadside ship could fire upon it at a considerable depression, 
and send a shot right on to the deck. He was not at all aware 
whether such a course would be a suitable one for a naval 
officer to adopt, but it only occurred to him as a possible thing 
to happen, and which might meet with some success. Another 
question seemed to be that of health and accommodation, be- 
cause, even supposing they were perfectly ventilated, it still re- 
mained a question with naval officers whether they would like to 
live in such a vessel below the level of the water. ‘There were 
some troublesome things for the engineer and the naval architect ; 
but he believed that these coul d be got over, and that the only 

int was the one he had referred to, and on which he should 

ike to hear an opinion expressed by naval men. 

Sir Ed. Belcher said, they might make their ships impenetra- 
ble if they liked, but if they had to fight an armour-plated 
vessel, the question arose whether they could have ships which 
could escape from those vessels, keep their distance, watch them, 
inform other ships where they were, and annoy them up to 
the last moment. He believed that a half-armoured ship when 
she approached one of those vessels would be perforated as 
easily us a wooden ship; consequently, they would be in the 
predicament of losing ship because she was half armoured ; 
whereas, if she was not armoured at all, and bad a great velocity, 
she would be able to keep out of the range of the other ship. 
Reference had been made to the omnes of the turret ships, but 
they had an example of this in the float at Liverpool, where, in 
the heaviest gale of wind, one might walk along without 
wetting his feet. A great deal had been said, too, about the 
rise of the waves, but he was able to prove some years ago 

that the waves did not rise above the tide. 

Captain Symonds said, the case of the float at Liverpool was 

quite different from a ship at sea. 








A paper was read by T. A. Normand, naval arc hitect, Havre, 
* On a new Ship-Clinometer.” 

M. Normand termed his instrument an oscillometer of a new 
description. It is composed essentially of two parts: Ist, a 
hollow sphere entirely filled with « liquid; 2nd, a light pen- 
dulum oscillating exactly at the centre of this sphere, and con 
structed so as to offer a great resistance to any motion indepen- 
dent of that of the liquid. Let now the apparatus be placed on 
board of a ship, and a motion be imparted to it. We can divide 
it in two parts; one of translation, and one of rotation. The 
first one can have no action on the liquid mass, which is incom- 
pressible, and fills entirely the sphere, so that its centre of 
gravity cannot be displaced. The second one creates evidently 
a friction on the liquid, and this friction would, were the rotation 
always given in the same way, gererate a corresponding rotation 
in the liquid mass, but this is not the case; the rotative motion 
is only alternative, and it does not sensibly affect the immobility 
of the central portions of the liquid sphere. Accordingly there is 
always, whatever may be the motions of the ship, a central por- 
tion of liquid practically immoveable, and the pendulum, which 
js placed in the middle of it, cannot but keep a corres ponding 
immobility. Its direction relatively to a fixed part of the ship 
measures exactly the ship's inclination. A good oscillometer is 
the only instrument that can give us an exact measure of the 
nautica! qualities of ships. 

In order to reduce as much as possible the friction of the 
sphere on the liquid, M. Normand had adopted the compass’s 
ordinary suspension mode; accordingly, the sphere becomes a 
common dulum, whose inclination is at every moment the 


that part of the 
through a certain 
imply the effectiv 


d 


can no more be 


It; 
what source the 


a small percenta 


urnaces, boilers, 
jacket, forming a 


pass, and what is 
outsi 


box on the upper 


the stokehole. 
hole prevents the 
edd 
in t 


wise than below 
of the deck plate. 


This plan is 
has been introdu 


ships it has redu 
or 140° to 80° an 


being carried fr 


grit which pass 


an active circula' 


than the coamin 
against rain or 8 


was then read: 
Trial of Golis 


during which t 


hour. Force of 


20 Ib. to 22 Ib. 

believe to be ¢ 
tion (ée., circu 
by Mr. Baker, 


bustion than th 
at this port. 
draft at times, 


tial importance 


Goliath. 


nearest point to 
removed. 





direction of the righting force. Now, if the upper part of the 





The Secretary then read a 
Engineer of Chatham Dockyard, 
the Engine Rooms and 8} 
The oxygen consumed 
of a very large quantity o 
casual observer it might seem 8 
sufficient to secure a low temperature an 


are apt to get emb: 
to get both foul and hot. 
The question of venti 


yenditure of actual work, than a vesse 
but it matters much to the economy of production, from 


the current of air which we desiderate 
action required for the purpose is bet 


than by using special ap 
rendered self-acting, whi 
attendunce, and is, besid 
resent method amounts 


led in as low as possib 
kept down by a hanging scre 


de of the boilers and funnel to a series of gratings in a raised 


snfficient motion) in its p 
only to maintain the dra 
but also to ventilate other port 
in from the engine-room abaft, ¢ 
A screen or 


Y- Care is taken to c 
1e neighbourhood of the boilers, 
either to enter or leave this casing in any way b 
it is intended to take. 


except by passing through the furnaces, or t 


fence, Resistance, Royal O: 
Pylades, Lord Warden, Cha 
Prince, Warrior, Victoria, 
including probably about four- 


to be little better than a steam chest, com 
the draft is always f 
and never in reverse, 


the damage to their beari 


quenched with water. 
own fires keep up 


fire in two or three of the ashpits. 
The gratings of the deck plate are raised 


lids shipping on swing 
raised a sufficient height ab 
out under the edges of the covers, an 
covers are removed. 
The following re 


and the sunk light, on May 1 
The vessel was tried unde 
duty in a most satisfactory manner. 
The speed of the vessel as given 
patent logs kept over two hours, 


and the starboard one 22.6, giving 


The supply of steam w 


which produced a current of air 
admit of the fires being brought in 


The temperature o' 
low—viz., at a mean of 64. 
The arrangement made by Mr. Ba 


the upeast shaft for t 
which respect considera 


The funnel casing on the orlop exhibited 


We recommend 


r by Mr. T. P. Baker, Chief 
On a Method of Ventilating 
tokeholes of Steam Vessels.” 

by the furnaces necessitates the passage 
f air through the stokehole; and toa 
trange that this should not be 
d efficient ventilation in 
but unfortunately the passage of air 
portion of a chamber does not by any means 
e ventilation of the remainder. Masses of air 
ayed, and then their stagnation permits them 


lation is ultimately one of power. Air 
riven through an engine-room without an ex- 
| can be propelled without 


pape 


“ 


ship; 


wer is derived which originates and maintains 
The slow and steady 
ter attained by abstracting 
ge of motive force from a large prime mover 
aratus, especially if the former can be 
e the latter essentially requires specific 
es, too concentrated in its action. The 
to the enclosure of the whole of the 
and stokeholes in a separate casing or loose 
flue outside the boilers and funnel. The air is 
le, near the bottom of the stokehole, being 
en under which it must necessarily 
i in the furnaces passes up by the 


not consumec 


eck, and it receives enough heat (and thereby 
massage over these warm surfaces, not 
ft needed to keep the stokehole cool, 
ions of the ship. The air is led 
and also from a hatch forward of 
diaphragm placed across the stoke- 
rents of air from mixing and causing an 
Jose all hatchways and other openings 
which would allow the air 
ut by the course 
No air can enter the stokehole other- 
reens of the casing; none can leave it 
hrough the gratings 


d 


two cur 


the sc 


now generally adopted in H.M. ships. It 
ced with good effect in the Goliath, Mars, De- 
ak, Achilles, Cadmus, Trafalgar, 
7 Bellerophon, Minotaur, Black 
*rincess Royal, and many others; 
fifths of our present navy. In some 
ced the temperature of the stokehole from 130° 
d 87°. It has kept the screw alley, which used 
paratively cool; and as 
rom the engine-room to the stokehole, 
it absolutely prevents any dust and dirt 
om the furnaces to the engines, thus avoiding 
ngs frequently caused by the steam and 
es into them when clinker and hot ashes are 
When the vessel is under steam, her 
the ventilation effectively. At other times, 
tion can be maintained by keeping up a small 
about a foot higher 
gs of the engine-room hatch. Asa protection 
pray, they are provided with movable covers or 
evers or brackets, which keep them 
ove the gratings to allow air to pass 
‘4 which fall flush when the 


port by Admiral (then Captain) Halsted, 
ath, at the measured mile, between Sheerness 
2, 1858. 
r weigh for upwards of six hours, 
ime the machinery and boilers performed their 


above, is the mean of two 
the port one showing 18.85, 
a mean of 10.86 knots per 
wind, 5 on port bow. 
as abundant, the gauges showing from 
h during the whole trial; this we 
able to a new system of ventila- 
and temporarily fitted of wood 
, Chief Engineer of Chatham Dockyard), 
in the stokehole sufficient to 
to a more active state of com- 
hip of this class before tried 


r square inc 
hiefly attribut 
lation) adopted 


nose of any other s 


f the stokehole was thus kept remarkably 
5° under the centre of the funnel, the 
s, rendering it actually cold. 
ker went to show the essen- 
ufficient large and unobstructed area of 
he exit of hot air around the funnel, in 
ble improvement may still be made in the 


and in some part 


of as 


undue heat at its 


the funnel, from which it requires to be further 


the present state of things, and 
were so enga 


Bellerophon, and h 
of Mr. Murray’s supervision of it. 
very reaso 
an artificial blast, and that it could be done at an expense not 
worth mentioning. 


vation of Iron 
clean,” 


so save the lives of the men who 

ged. 

Mr. Reed said that Mr. Baker's plan had been adopted in the 

e was glad that | should have the benefit 
e thought it would be a 


nable thing to supplement the natural ventilation by 


—— 


wper P. Coles then read a paper “ On the Preser- 
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After referring’to the superiority of iron and steel as materials 


for ship-construction, he said: The action of sea water on iron 


vessels is of a two-fold nature :— 
lst. A combined action of sea water and air on iron produces 
very rapid corrosion; this action takes place at, and near, the 
waier-line of vessels when at sea, and commences to extend over 
the whole bottom from the moment she is placed in a dry dock, 
This is all the more serious to the life of a vessel, as it is well 
known that when once the ;process of oxidation is started, it isa 
difficult matter to check it, and will even go on under a coat of 
int. ‘ 
9nd. Action of sea water alone on iron produces rapid fouling 
with its well-known drawbacks. This, although a most serious 
disadvantage for iron merchant vessels, is not an unsurmount- 
able one, as they can be docked on their return voyage, and 
have their bottoms scraped and re-painted, entailing the 
necessary expense and delay. But with men-of-war that have 
to remain on foreign stations for three, four, or five years, 
the disadvantages become so vast that, to a great extent, it 
precludes us from using for our naval ships the superior 
metal, iron, that economy would otherwise bid us do. Captain 
Coles then proposed to employ Roman, Portland, or other 
hydraulic cements, which are well known to engineers as being 
the best preservatives to iron exposed to the combined action of sea 
water and air, and it is know that iron coated with cement will 
last for centuries under water. 
Hitherto the difficulty of affixing cement to the smooth 
bottom of an iron ship has prevented its application. 
This difficulty is to be overcome by making the cement hold 
on by mechanical means, which process is applicable to the 
bottom of wooden as well as iron ships. 
To cout vessels already built with cement, the following 
methods were proposed : 
First. Then iron plates of about 
having rectangular holes, from one to 
in them in such manner that, only three sides 
being cut, it does not become severed from the plate, but still 
forms part and parce! of the same, hanging on by its fourth side, 
The plates are then fixed to the ship's bottom proper by 
means of small screws so arranged that every square foot of 
iron plate would have five screws to fix it, one at each of the four 
corners and one in the centre, although in reality only two 
screws for each square foot would have to be accounted for, as 
regards weight and total number of screw-holes. 
The screws have conical heads, are ,*; in. in diameter, and 
need not enter the iron plates of the hull proper more than } of 
an inch. The ship’s bottom may first be paid over with any paint, 
varnish, glue, or anti-corrosive mixtures that may be preferred 
When the plates are on, the small rectangular portion at each 
hole is turned up at an angle of about 45°, thus forming small 
tongues, affording firm hold for the cement, which is plastered 
on about half an inch thick, in the usual manner of plastering 4 
wall. 
Second method. The screws for 
vessels’ bottoms, the same as descri 
may be further apart. 
Over these screws is stretched wire netting of abo’ 
mesh, when a washer with a slot in it is slipped in between the 
wire and the head of the serew, which, when tightened to the 
required extent, holds the wire tightly to the ship’s bottom. 
Having thus cased the ship's bottom with a wire netting, oe 
ready to be plastered with cement, which will be found to adhere 
so strongly to the wire that, when thoroughly set and hard, it 
requires a cold chisel and hammer to remove It. 
Third method. ‘The ship’s bottom may be cover 
sheathing one inch thick. 
Into the wood are driven s 
of an inch being left protruding over this ; 
as before described. ‘ 
Fourth method. The ship’s bottom may be dressed whe 
cold chisel like a stirrup iron, producing a rough surface a 
undercut projections, and thus enabling the cement te ad here. 
This mode may be found particularly useful when used, in com f 
bination with the three previous modes, for such small parts 0 
the vessel as are difficult to get at; but for large surfaces 1t 8 
not to be recommended. 
If the system of coating s 
adopted, Captain Coles proposed tc , 
ing before they are put on the ship, by rolling them ' 
or ribs. The ribs should be about } of an inch high, ve m4 
and about 2 inches apart. ‘These ribs should be well bured wit 
a cold chisel and hammer, to give the cement a good hold. ol 
Rivet-heads need not be cut off, but be left in their _ 
hammered state; this will tend to make them much - 
durable, and at the same time assist in holding on the — 
In fact, instead of making a ship’s bottom as smooth as nich 
it should be made rough, and then the cement applied, w 
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can be faced up to any smoothness required. The expense of 
putting the cement on a vessel prepared for it when building 
will be made in comparison with those which have to be prepared 
for it after they are built. 

I have tried various experiments with cement, which fully 
realise my anticipations of the incalculable value it possesses as 
a preservative for ships’ bottoms, as will be seen from the actual 
results. 

The first experiment was on the wooden sheathing of the 
Royal Sovereign, put on the 10th of August, 1864, and reported 
on by the officers of Portsmouth Dockyard, on June 27th, 1865, 
having been in the water upwards of ten months. The report says: 

“ A patch of cement, on the plan of Captain Coles, R.N., was 
“ also placed on the starboard side of the teak sheathing about 
“ amidships, 6 ft. long, extending from the upper to the lower part 
“ of the sheathing, protected around the edges by a coat of teak. 
«« This cement is now in very good condition, being only slightly 
“indented, apparently by being struck by boats, above the water. 
“The weed on this cement is somewhat longer than on the 
+ adjacent parts of the sheathing; but no appearance of any bar- 
“ nacles or coraline formations is apparent thereon, 

“ As this experiment appears satisfactory, it is submitted 
“ whether a more extended trial of it would not be desirable.” 

Another experiment was tried on an iron coal vessel, No. 34, of 
Portsmouth Dock. She was launched November 15, 1864. 

In February, 1865, on being docked, the cement was found to 
be in good order. The Portland and Roman cements placed over 
the thin iron plate, and within the wood frame, have small por- 
tions of the cement broken off on the upper edge, and the surface 
of the cement coated “with slime and very fine grass in the 
neighbourhood of the water-line.” The small portions broken 
off were merely on the surface, and had not in any instance bared 
the iron. 

On this occasion nothing was done to the cement beyond 
painting it over with various mixtures for further experi- 
ments as to anti-fouling, whilst other portions of this iron 
coal vessel, done only with anti-fouling mixtures, had to be 
scraped and redone before undocking again. In November, 1865, 
she was again docked, when the cement was found to be in the 
same state of preservation as before. 

Captain Coles said: I do not profess to prevent a vessel’s 
bottom from fouling, for that, I believe, to be impossible, after 
being in the water any length of time; but I protect the bottom 
with such a coating of cement that will enable you to prevent 
fouling by means that could not be resorted to on the bare iron, 
and in no way liable to be removed by oxidation, and when these 
anti-fouling mixtures lose their power of preventing the growth 
of vegetation and barnacles, you can clean the ship's bottom as 
effectually as though she were coppered, and it yet remains to 
be proved whether the cement, without any paint over it, is not 
the best, leaving it to the energy of the captain to hog and clean 
his ship's bottom whenever opportunity admits of it. 

Captain Coles then gave a siatement of the several advantages 
of his plan, with an estimate of the cost. 

Mr. Leetch said he had introduced a plan for covering the 
bottoms of ships with glass and gutta percha. The experiment 
had been tried on H.M.S. Buffalo, and had succeeded. 

Sir John Hay said be did not agree with Captain Coles’s paper, 
because he believed that ships could only be preserved for sea- 
going purposes by coppering, and he was sorry to see the inven- 
tive genius of the nation diverted from this only plan of protecting 
our iron ships. He was chairman of a committee on this subject 
afew years ago, and when they began the inquiry, they were not 
at all aware ofthe great value of copper for this purpose. There 
was an opinion at that time that one of the advantages of copper 
consisted in the verdigrise destroying the marine vegetable or 
auimal substances which attached themselves to the ship’s 
bottom ; but it was now found that the action of copper in keep- 
ing a ship clean was a mechanical one, the fact being that it 
oxydised in parallel lines, and then peeled off in those lines, so 
that the substances which were attached to the ship scaled off at 
the same time. ‘The difficulty was that no plan had yet been 
discovered for preventing the galvanic action which took place 
when iron was brought into contact with copper. There had 
beer a plan proposed by Mr. Grantham for putting wood between. 
He hoped Mr. Grantham would say sometuing about it, but he 
thought that the Admiralty had, perhaps, resigned themselves 
to the necessity of not being able to find any plan rather too 
soon. 

Mr. Grantham said he had proved that a good sheathing 
could be effectually and permanently rivetted to an iron ship 
without any bolts er objectionable fastenings in the ship’s side. 
He obtained a patent for his plan twenty years ago, and some 
few years after another patent was taken out for precisely the same 
thing, by « gentleman who did sheath a vessel in the way pro- 
posed, and which vessel was still afloat. ‘The plan had been 
Sppeeved and recommended by Sir John Hay’s committee, and 
also by Mr. Reed; but, somelow or other, he could never tell 
whys the matter had hung fire, and nothing had been done in 
it. 

Mr. Scott Russell said he begged to bear his testimony to the 
very great value of the plan which Mr. Grantham proposed ; but 
he must express a very poor opinion of the value of covering a 
ship’s bottom with cement, as proposed by Capt. Coles. He 
did not care at all about the corrosion of iron ships. They all 
knew iron ships which had been exposed to corrosion for the 
last twenty years, and some of them were as good now as when 
they started. ‘That question therefore, might, be put an end to. 
ous pete orp of ~n in iron ships, but these were 
hey . an gpg . The bilge-water, mixing with 
when ake iled - ish, got into the inside of an iron ship; and 
pn nk oe ey by their continual attrition, 
well knew that all that wa eae: d to bed ay 1 line the 
insides of iron ahi aan ih a to be done was to line the 
he wished thet up : : ortland cement. But, on the other hand, 
the onteide - somebody would find out a way in which to make 
ao ¢ an _ ship decay in the sume way as the outside 
= pper si uip, as had been described by Sir Juhn Hay. This 

re exactly what they wanted, and it was exactly the converse 
) A Coles’s plan. The great merit of copper was that it 
yed. They paid the price on purpose because it decayed 

off with it, and so kept the ships pure 


and took the barnacles 
andclean, But if this 


must invert the present mode of iron shipbuilding, and put the 
skin inside, in the longitudinals or the ribs. if Mr. Grantham's 
plan were adopted, the whole difficulty would be done away 
with ; but he inferred that nobody wanted it done away with, 
because, though everybody knew how to do it, yet nobody did 
it. 

Sir Edward Belcher said he objected to a glass coating for 
ships’ bottoms, because he had found that coral and mollusca 
stuck harder to glass than to anything else. 

Mr. Reed said he was surprised to hear Mr. Scott Russell say 
that the whole thing was done when the idea of putting an iron 
skin inside was suggested, because nobody knew etter than Mr. 
Scott Russell the necessity for making perpetual efforts to work 
with the least materials, and to use the materials in the best 
manner, and he supposed he would not contend that putting an 
iron skin inside was fully equal to putting one outside. With 
respect to Mr. Grantham’s plan not being adopted, that gentle- 
man should recollect that the opportunities for adopting it had 
not been many, because, although it might be well to build a 
ship on purpose to try the experiment, he thought they would 
not be justified in applying the principle, with only their present 
knowledge of it, to the ships which had already been built. He 
had some difficulty himself in estimating the value of Mr. 
Grantham’s plan so highly as he himself estimated it. He con- 
sidered that it would be very injudicious to attempt great fleet- 
ness in unarmoured ships without building them in the first 
~~ of iron, and giving them the advantage of a copper bottom. 

e had had an idea in his own mind of screwing the first layer 
of teak directly on to the bottom of the ship by the intervention 
of an external strap. This would probably be the best course to 
take, and if they adopted it, they would probably have to take a 
modified form of joint strap. He thought he ought not to be 
called upon to admit that while the system of iron sheathing was 
being successfully carried on, some one plan which had been 
proposed had not been adopted ; but at the same time he thought 
it quite right that on an occasion like the present such inatters 
should be urged and pressed as they had been. 

Mr. Scott Russell wished to explain what he meant with re- 
gard to the structure, which was that the vertical strengthening 
should be on the inside and the horizontal strengthening on the 
outside of the skin, 


A paper was read giving a description of a small float anchor, 
by Captain John Harvey, R.N. 

One was exhibited, and it was thirty-three years since the 
anchor was used. 

Captain Harvey put a case in which the float anchor would 
prove useful, and possibly avert a great calamity, 

Suppose then a vessel has, on her voyage, gained a good 
offing; and in such a position is encountered by a heavy gale 
that renders it necessary to look to the safety only of the vessel. 
Rig the float anchor; bend on its buoy with a length of rope of 
about twenty fathoms, so that the anchor may be led b 


portion to its population, therefore, Norway is the most seafaring 
of all nations. ‘There are many proofs that great care is usually 
taken to make the best of the Norwegian ships in their construc- 
tion, as well asin their charters. Much of the increase is due to 
the purchase of older ships foreign built, and mostly of large 
tonnage. An extensive business is carried on in this line in the 
south-eastern portion of Norway, and the vessels so obtained are 
chiefly used in the timber trade with America and the Baltic 

In the west of Norway, on the other hand, new ships, built on 
the spot, are generally preferred. Ships built in Norway are 

usually, small, probably from the country not furnishing large 
building materials. Mr. Dekke was, himself, building the 
largest vessel ever built in Norway, and even this is only one 
capable of taking between 1300 and 1400 tons cargo. She is in- 
tended for the Kast India and Chinatrade. She is clipper built, 

has a flat floor, and will be fitted in the best style. ‘The class of 
vessels that are mostly built are ships of from 450 to 900 tons 

cargo. These are used everywhere, both for Kuropean and 

Transatlantic voyages. 

The materials used in the construction of the ships is chiefly 
Norway pine, and although the French “ Veritas ” classes it two 
years less than Prussian oak, because it is only ‘ pine,” yet it is 
a fact that the pine used for framing in some parts of the country 
has proved quite as enduring as the ordinary oak of the Baltic 
In the larger vessels more oak for longitudinal fastenings is used 
chiefly American. In respect of outtit, and such details as copper 
fastenings, copper sheathing, sails, rigging, inventarium instru- 
ments, and so forth, many of the new ships leave little to be de- 
sired, regard being had to their size. 

The classes generally assigned to Norway-built ships by 
French ‘‘ Veritas,” are usually seven years, sometimes nine years, 
and the prices range from about 7/. to 9/. per ton dead weight. 


Mr. Charles H. Haswell, of New York, sent a paper, which was 
read, **On Anchors and Chains of Sail and Steam Vessels, their 
Weight, Dimensions, and Length.” Mr. Haswell gave a table 
containing certain multipliers for sailing and steam vessels of 
every description of rig, and of nearly every length to within a 
few feet. For screw steam ships exceeding 325 ft. and ship- 
rigged the multiplier was 2.8; if bark-rigged, 2.6. For a length 
of from 250 ft. to 275 ft. the multipliers were, for ship rig 2.6, 
and for bark rig 2.4. The application of the tables was as foilows: 
Multiply the square of the extreme breadth of the vessel by the 
unit given in the column of multipliers, and the product 
will give the weight of the anchor in pounds. To determine 
the diameter of a chain cable corresponding to an anchor of a 
given weight, cut off the two right-hand figures of the number 
expressing the anchor’s weight in pounds, and multiply the 
square root of the remuinder by 4; deduct 3 from the result 
when the anchor’s weight is of and over 8000 pounds, 2 when it 
is between 7000 and 8000, and 1 when it is of 7000 or more 
than 4000, and the remainder will give the diameter of chain in 
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it at that depth below the surface of the water; bend on also 
the riding cable (a coir cable may be preferable, by reason of its 
lightness, to a cable of hemp). ‘The vessel being brought to the 
wind, her way stopped, put overboard the anchor and its buoy 
—veer out about fifty fathoms of cable; the cable may be put 
through a hawse hole, and spring aft by a stout hawser, or it 
may be passed over all and brought to the foremast; in either 
case the adjustment of the direction of the cable must be such 
as to bring the vessel’s bow to the sea. Every sail may now 
be furled, and the yards pointed to the wind. If the vessel 
should be a steamer, the screw or paddles should rest; the 
hatches battened down as a proper age ae though she may 
not ship any quantity of water. The helm should be secured 
half a-weather; as the vessel would have some sternway, the 
helm in that position would help the anchor, and would also 
check in some degree the vessel's drift to leeward. The service 
of the cable should be very carefully attended to, that it may 
not be chafed, and so avoid the danger of parting, which in 
the use of the float archor has occurred. Should it be de- 
sirable to change the tack, the end of the cable should be 
passed by means of a rope round the bow and under the bob- 
stays to the other bow, and when secured, the after yards should 
be braced aback; so braced aback, they will tend to bring the 
vessel head to the sea, and so onwards to the other tack, the 
helm being attended to and finally secured half a weather. 

For the purpose of getting inboard the anchor, when no 
longer required overboard, there should be a tripping or spilling 
rope (a continuation of the buoy rope), its end made fast in- 
board; the tripping rope should be a few fathoms longer than 
the length of cable out. By veering out a little of the cable, 
and hauling in upon the tripping rope, the anchor would become 
feathered, and in that position can be drawn inboard with ease. 
It was recommended that the size of float anchors should not 
exceed 100 square feet. 





At the meeting on Saturday, March 24th, Sir John Pakington 
in the chair, a paper “On Shipbuilding in Norway,” by A. 
Dekke, Esq., naval architect, of Bergen, was read. 

Mr. Dekke illustrated his paper by several working drawings 
of ships which he was engaged in constructing in Norway. 

The shipping of Norway, at the present moment, is of great 
importance, considered with reference to the population and 
capital of the country. ‘This will be evident when it is stated 
that the fleet comprised in 


Ships. Tonnage. 
1815 oo «= ATO ae + ——:182,000 
1835 ave one 2200 eee eee 180,000 
1845 eee ove 4061 eee eee 303,200 
1350 4287. ee ~~ 863,700 
1855 oe ove 5215 ove ove 518,242 
TOO ica see, te a 


1864 ° ove 6466 eee eee 894,287 
It thus appears that the shipping of Norway is now about 
seven times what it was fifty years ago, and that it is about two 
and a halt times greater than it was fifteen years since, and finally 
that it has increased abgut 7d per cent. within the last ten years. 
At the same time it must not be forgotten that the whole popu- 
lation of the country does not exceed 1,650,000 inhabitants, 
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could not be done with iron, then they 





teenths of inches. 





Mr. T. B. Daft read a paper “On the Jointing of Plates in 
Iron Shipbuilding.” He examined the merits‘ and defects of 
lap joints and butt joints, the former, if made in vertical seams, 
causing increased resistance to the motion of the ship, while the 
latter, in whatever direction they might be made, were said to 
be much the weaker. But, by close lapping and by driving 
compressed teak into the grooves left between the leosing, 6 
strong joint and a smooth skin were attained. 

There are many ways of compressing teak: it will be sufficient 
to mention one which answers very well. Assuming a jin. 
groove has to be filled, a teak plank, Zin. or bare inch thick, is 
passed through a pair of rolls set to }in. full, and the compres- 
sion is at once effected. ‘To reduce it into strips, a set of six or 
eight saws of small diameters are mounted upon one spindle, 
with washers between the saws, keeping the saws an inch apart. 
Running the compressed plank through these saws, cuts it at 
one operation into strips lin. x$in. No mistake can then be 
made, even by the most unintelligent workman, as to the way the 
teak is to go into the grooves; he will hammer it in the way it 
fits, and which is the way that it will swell by moisture until it 
is very difficult to remove it; the excess of flush teak is pared 
away by a plane and chisel in the simplest possible manner. 

Before the three years’ experience now had with teak caulk- 
ing, and before the great number of experiments which have 
been made with it, one felt inclined to dovetail the groove, which 
was easily done by shearing the plates at a certain angle, and, as 
the plating of the vessel proceeds, knock in from the open ends 
of the grooves the dried and compressed strips of teak, cut in 
sections to suit the dovetail; but experience has shown that 
teak, tightly driven into a rectangular groove, becomes a firm 
fixture, and is difficult to chip out. In fact, a groove may with 
perfect safety be two or three degrees “ bell-mouthed,” or 
opened outwards, and still retain teak with an immense hold 
when it has been tightly driven in. In case the teak be used as 
a medium for sheathing, every nail which is driven in tends to 
increase its hold by compressing the teak. If a piece of teak be 
fitted loosely into a groove, so that it may be removed by the 
fingers, after a nail has been driven into it, considerable force is 
required to draw it out. 

** Butts” may, therefore, be safely abolished in all cases and 
situations in favour of laps, and all laps can be made fair and 
flush as a ** butt” joint. And we must conclude, said Mr. Daft, 
that a butt joint about the skin of an iron ship is nothing else 
but a “mockery, a delusion, and a snare.” 

Mr. Grantham said that, as a rule, the applying of softer 
materials for the joints of ships was undesirable, and he believed 
that the great strength of iron ships was that they were iron, 
and that there was no intermediate material of any kind between 
the joints. 

r. Scott Russell said the objection to flush rivetting was its 
very great cost, and that, generally speaking, it made a great 
addition to the weight of the ship. 

Mr. Daft said, Mr. Grantham appeared to imagine that the 
teak had something to do with the strength, but this was not 
so, and it was not put there for that purpose. The present 
butt-joints were a delusion and a snare, and gave an idea of 
security where there was really none. The only additional 





which is but about one-half the population of London. In pro- 


weight was about ten or twelve tons. 
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At the conclusion of the discussion upon Mr. Daft’s paper, the 
chairman having announced that the business of the meeting had 
terminated, Mr. E. J. Reed rose, and, in a speech for which we 
much regret that we cannot find room, proposed the following 
resolution, which was discussed and carried unanimously: 
‘That in the opinion of the Members and Associates of this 
“ Institution, it is desirable that an early meeting of the Council 
“ take place, for the purpose of considering, with reference to 
‘the President’s opening speech, and to the papers that have 
“ been read on the security of iron ships, what recommendations 
“ conld best be offered tothe public m order to prevent, as far 
“ as possible, the loss of passenger and other vessels.” 


STEAM EXPANSION. 
To tne Eprror oF ENGINEERING. 

Sirn,— The article on this subject in your number of 
Mareh 28rd, commenting upon my letter contained in your pre- 
vious impression, induces me to add « few words in order to clear 
myself from the suspicion of entertaining views on expansion which 
I have certainly never done. That any advantage arises from work- 
ng steam twice over, as against walle it to the same degree in a 
single cylinder, when viewed theoretically, I have never main- 
tained or thought of, although I have maintained, and do so still, 
that, practically considered, the former principle of working has 
many important advantages. You state that my letter expresses 
a “ somewhat common, but you believe a mistaken, opinion as to 
“the economy of expansive working in portable and traction 
‘* engines.” It appears to me that the ‘“‘common” and “ mis- 
taken” opinion is not that which I hold, but rather that port- 
able and traction engines, as now made and worked, are as good 
and economical as they either can or need be made. ‘This, 1 
apprehend, is also your own view. Nothing need be said of the 
theory of expansion; it is the me as you say, which is open 
to discussion. The question, however, is not only the degree of 
expansion, but I believe the mode of expansion also. I say again, 
let engineers do as they think best in regard to this latter point ; 
for the present, I shall be satisfied if the proper degree of expan- 
sion be detérmined and admitted. When this is done, | feel 
quite satisfied they will have to seek for some arrangement diffe- 
rent from the ordinary cylinder and link motion. You seem to 
argue that as the steam in traction engines is used in the same 
way as in locomotives, no waste takes place, or that this waste 
is thus justified; and you proceed to show that, having the 
steam of 100 1b. pressure, jacketted cylinders, and link motion, 
everything has been done that can reasonably be done in order 
to economise fuel. I object to this conclusion. The 100 lb. 
pressure is better than a Cesar one; but are we to stop at this 
when locomotives go to 160 1b. or more? The jacketting is well 
enough as far as it goes, but the cylinder covers should also be 
jacketted, and the link motion should be used not simply for 
reversing but to work the steam expansively—not now and then 
only, but constantly ; that is, if its capabilities are such as many 
profess to believe, but never prove by their practice. 

The economy of locomotives, such as it is, is due chiefly to very 
high steam being employed. As a rule, the steam is not cut otf 
at less than one-half or one-third of the stroke, even in passenger 
engines ; and in goods engines the cylinders are filled for three- 
fourths of the stroke. I believe I am therefore justified in saying 
that in locomotives as well as in traction engines more than half 
the steam is wasted. Most of the objectors to double-expansive 
engines are very eloquent on what the link motion can do. I ask 
why is it not employed always to do what it can and no doubt 
does do upon rare occasions, or rather why are not cylinders 
made so as to give out the required maximum power when the 
link motion is used for full or nearly full expansive working? 
This opens to us the whole question. I fear your space will not 
allow of its discussion, although I am prepared to discuss it 
step by step. The chief reason which lovers of expansion by link 
motion alone would give I apprehend would be that the nominal 

ower, or, in other words, the cost, weight, and space occupied 
»y an engine, other things being equal, is proportionate, or nearly 
proportionate, to the area of the piston. They would say, ‘‘ We 
don’t object to work expansively because we have any doubt 
about the link motion doing all we want, but we can’t afford 
engines so large and expensive as expansive working would in- 
volve.” I maintain that, added to this increased cost, weight, 
and space, an engine with single cylinder, with steam at 100 lb. 
cut off at even a sixth of the stroke, which is the most you 
venture to put it at, is not a pleasant-working engine; and, 
further, that the expansion should be carried as far, perhaps, as 
eight or ten times (unless thoroughly pure steam is obtained by 
so-called superheating), so as to ensure the greatest economy. 
I also believe the use of a heavy flywheel is a lame way of over- 
coming great irregularity, as it adds considerably to the friction 
of the engine-shaft bearings, besides which the shaft, connecting 
rod, and all parts of the engize should be made, if durability be 
considered, even stronger than would be necessary were the steam 
admitted throughout the stroke, so prejudicial is the constant 
hammering of very expansive single-cylinder engines. 

But, sir, you meet me with another objection. You argue, in 
effect, that it is not justifiable to economise when an engine is 
working full power, because you cannot proportionably reduce 
the cost of working when the same engine is working at half or 
a third of its power. In other words, it is unwise to make one 
shilling do constantly what two usually do, because sixpence 
cannot then be made to do what one shilling sometimes does. 
This is certainly true, viz. that if an engine works full power at 
the least possible expense, you canr ot work half power with the 
same per-centage of reduction as you can in the case of an 
engine wasting half its power originally, or costing, when working 
full power, double the least possible expense. 1 quite fail to see 
the force of this objection, especially as, in nine cases out of ten, 
or ninety-nine out of a hundred, or perhaps nine hundred and 
ninety-nine out of a thousand, engines are employed only just 
powerful enough for the work they have to do. 

It is quite a mistake to suppose it is so easy to get below the 
atmospheric line in expansive working, or rather to get the expan- 
sive curve to run out before the end of the stroke. Ordinary steam 
contains generally so much water in mechanical mixture with it, 
that the pressure of steam may be very much reduced without ma- 
terial loss from this cause. No fear need be entertained on this 
point. I should much like to know how many times during a day's 
working traction engines or locomotives, as a rule, work with 
the steam cut off at one-sixth. You say, if the resistance was 





uniform, they would and could do so. If they did so when their 
maximum power was required, I should not have so much fault 
to find with them. It seems almost as if there were some per- 
sons who really think there would be some positive difficulty in 
making traction or other engines go slowly enough under the cir- 
cumstances I advocate, viz. that their maximuin power should 
be developed when the expansive principle is fully, or nearly fully, 
carried out, instead of what we may call their minimum power. 

There is yet another argument against very expansive engines, 
which I frequently hear used, and which requires refutation. As 
some persons see a difficulty in working such engines below the 
average power required, so others find a difficulty in seeing how 
the power can be temporarily increased. ‘This latter objection 
is more often made against double expansive engines, from the 
belief entertained that the small cylinder, or whatever corre- 
sponds to it, must be quite filled with steam. The argument 
ie assumes that in ordinary engines fitted with link motion 
the usual mode of working is to cut off the steam at, say, one- 
third or half-stroke, giving, therefore, the opportunity of in- 
creasing the power by putting the link motion in full gear. 

Will these persons tell me why the link motion cannot be 
used in working the valve supplying the small cylinder or its 
equivalent? It may very usefully be emploved in certain cases 
in this way; the steam being cut off at half or a third of the 
stroke in the small cylinder or its equivalent, and the expansion 
completed afterwards to any extent required—precisely the same 
opportunity being given to increase the power temporally as in a 
single expansive engine. Indeed, I have arranged engines on 
this very principle for a special purpose, the expansion being 
varied as required—always carried to a very economical extent 
in ordinary working; never carried below the atmosphere, and 
yet, on special occasions, allowing the power to be doubled. I 
maintain that, for convenience, economy in working, and economy 
of construction, the principle of making the initial steam act 
upon a small surface of piston is the right one, the larger sur- 
face being acted upon by the steam when partially expanded. 
This principle reduces the irregularity to a minimum, as well as 
the work on all the engine connexions, and enables me to make 
a large cylinder engine, thoroughly expansive, at the very same 
cost (taking boiler and engine together) as an ordinary one, 
wasting, as I have said, more than half its steam. I do more 
than this. I give a boiler about 100 per cent. better for the 
work it has to do, when compared with boilers of ordinary 
engines, and, consequently, save more than half the wear and 
tear consequent upon heavy firing. 

I cannot agree with you in your admiration for short strokes 
and high speeds. I don’t object to a high speed of piston, but 
certainly do object to a very high number of revolations. For 
effective expansive working in a single cylinder a long stroke has 
hitherto been considered essential. In my engines I get any 
degree of expansion, with almost any diminution in the length of 
stroke. I have engines with 10-inch stroke expanding seven 
times with a single valve and one eccentric, and, as [ have 
already stated, working with 331b. to 4 1b. of coal per dyname- 
trical horse power per hour. High expansion in constant work- 
ing also saves the water, which is a very important point, 2 to 
24 gallons being sufficient when heated (and consequently 
slightly added to) by the exhaust steam. ‘The late Mr. Jolin 
Fowler fully appreciated and understood my views with regard 
to traction engines. His unfortunate death deprived me for a 
time of the opportunity of testing the matter practically in this 
class of engines, a trial having been actually ordered by him 
to be made. I hope, however, to solve the problem shortly. 1 
certainly shall never be satisfied until traction engines travel the 
whole day without stopping for coal or water. That this can be 
done I feel perfectly certain. It is for you, sir, to encourage, 
rather than endeavour to put down improvements, or even at- 
tempted ones, though they may occasionally fail to realise all the 
hopes of inventors. Epwarp E. ALLEN. 

Westminster, March 27, 1866. 


THE CORLISS ENGINE. 
To tHe Epitor or ENGINEERING. 

Str,—As you have been noticing lately the introduction of the 
Corliss valve gear into this country, will you allow me the oppor- 
tunity, through your columns, to place on record some facts 
connected with an improvement that may, by-and-by be more 
generally known, The larger number, however, are bee heer 
engines. When improvements become generally adopted, it is 
dificult for the pioneers in them to receive even the most scanty 
acknowledgment for their early perseverance. 

One of the great advantages of the Corliss valves has been 
realised in some engines made by the late Messrs. Seaward and 
Co,, and in the well-known Cornish engine. I refer to the use 
of separate steam and exhaust valves. You have sufficiently 
explained the general action and mechanism of the Corliss 
valve gear in a recent number of EXGINEERING, and it is only 
necessary for me to give a slight sketch of what has been done, 
and is doing, with these valves in this country. 

Previous to 1863, Messrs. Pirie and Sons, of Aberdeen, had a 
Corliss engine from Mr. Corliss, the inventor; that engine was 
made in America, and a pair of 11 in. cylinders were made in Aber- 
deen as nearly as possible a copy of the American engine, and I 
believe another engine about 24 in. cylinder was made by the same 
maker in Aberdeen, copied also from the American engine. It 
will also be remembered there were two Corliss engines in the 
last Exhibition, 1862, both made on the Continent. 

In the autumn of 1861, I was in Canada, and at Montreal I 
saw a Corliss engine, 60 in. cylinder, and 8 ft. stroke. This en- 
gine was designed by my friend, Mr. William Inglis, now residing 
at Manchester, and from his explanations and the working of 
the engine, I felt convinced that the plan had distinct advantages, 
and from that time I have been much engaged in simplifying, 
and as I hope improving the detent gear on which depends much 
of the efficiency of the Corliss engine. 

Mr. Inglis came to England in 1862, and in the autumn of 
that year 1 commenced some designs for a vertical Corliss en- 
gine of 22 in. cylinder. and 27 in. stroke and 90 revolutions, and 
I received the order for this engine in April, 1863. 

Mr. Inglis was introduced to Mr. Douglas, of Kirkcaldy, early 
in 1863, and since that time has designed for Mr. Douglas all 
the Corliss engines he has made, numbering eight up to December, 
1865. The largest of these engines had a 26 in. cylinder, and 8 ft. 
stroke (a beam engine), for Messrs, Brown and Craig, of Cork. 











During the same time, I have designed three single vertical] 
Corliss engines, two of which have been working night and 
day at 90 revolutions, and the third for Messrs. Titus Salt and 
Sons, is now erecting at Saltaire; it hasa 3 ft. stroke, and will run 
100 revolutions with steam of 1001b. pressure. Mr. Geor, 
Salt is one of those few gentlemen steam users who take q 
keen personal interest in the success of bona fide improvements, 
and thereby eee hasten the ultimate success, 

I have also designed two pairs of horizontal Corliss en ines, 
one pair of 38in. cylinders and 5 ft. stroke, now working in the 
new mill of Messrs. Daniel Illingworth and Sons, of Bradford, 
Yorkshire. These engines run 50 revolutions, the governor 
acting directly on the detent gear, without a throttle valve, the 
cut off varies from 2 in. to 18 in. out of 60 in., and the engines 
indicate upwards of 500 horse-power. You have before reterred 
to these engines in a number of ENGINEERING. 

The second pair have the same stroke, but only 32in. cylin- 
ders, and are now being erected for Messrs. Thomas Dugdale 
Brother and Co., of Blackburn. All these engines have been 
made by Messrs. Losh, Wilson, and Bell, of Newcastle-on-Tyne, 

Having decided, in the spring of 1865, to relinquish all land 
engineering, to enable me with some personal friends to com- 
mence ship and marine engine building on the Tyne and Wear, 
I transferred all my interest aud connexions in land engineering 
to Mr. Inglis, of Manchester, who is now prosecuting success- 
fully, the further introduction of the Corliss engine. Messrs, 
Benjamin Hick and Son, of Bolton, have now in hand four Cor- 
liss engines, from Mr. Inglis’s designs, with cylinders of 40 in., 
30 in., 24in., and 20in. diameter. Messrs. Losh, Wilson, and 
Bell, and Messrs. Manlove and Alliott, of Nottingham, as well 
as Mr. Douglas, of Kirkcaldy, have Corliss engines in hand, de 
signed by Mr. Inglis, and fitted with my improvements in the 
detent gear. 

In the autumn of 1864, I designed a pair of Corliss engines 
for an a= screw ship; these engines were made by Messrs, 
A.and J. Inglis, of Glasgow, 30in. cylinders, 3 ft. stroke, 90 
revolutions, 401b. pressure. These are undoubtedly the first 
pair of Corliss marine engines made in this country, and they 
have been very successful. All the engines I have designed 
for some years past have the cylinders completely enclosed in 
steam jackets, without which or superheated steam, great economy 
cannot be realised. 

I have no object in writing on this subject, except to do jus- 
tice to my friend, Mr. Inglis, and to give the profession correct 
information in a very interesting branch of steam engineering. 

The increase of pressure and the necessity for the develop- 
ment of great power in individual engines, will oblige engineers 
to avoid the excessive friction inseparable from the use of the 
ordinary single steam and exhaust port slide valve. 

It is impossible to overrate the benefits derived by steam users 
from the efforts of those engineers and engineering firms who 
have specially studied to economise fuel, and have not been satis- 
fied with manufacture only. I refer especially to Mr. Porter, 
who has produced the excellent Allen engine, and to Messrs, 
Randolph and Elder, Caird, Humphrys, and others. 

In conclusion, I may be allowed to express what I believe is a 
general satisfaction that in defiance of aJl doubts and scepticism, 
the true principles and practice of economy in use of steam are 
rapidly gaining ground, and we shall find the best results of 1860 
will become the average results of 1870.—Yours truly, 

J. FRED. SPENCER. 

No. 3, St. Nicholas-buildings, Newcastle-on-'T'yne. 

March 28, 1866. 








Twin Screws.—The twin screw steamer Tor, built by 
Messrs. Laird Brothers, of Birkenhead, for the Viceroy of 
Egypt, has been tried at Southampton. She is a smart-looking 
vessel, rigged as a three-masted topsail schooner, and her dimen- 
sions are as follows :—Length, 200ft.; breadth, 26ft. 6in.; 
depth of hold, 13 ft. ; tonnage, builder’s measurement, 690 tons. 
The bull is constructed of iron, and is subdivided by bulkheads 
into several water-tight compartments. ‘The woodwork of decks 
and other parts exposed to the weather is of teak, as being most 
durable in a hot climate; and the arrangements of cabins for 
officers and passengers, and also the accommodation for crew, 
are of the most complete description. The engines are two 
separate pairs, of 70 horse power each, or 140 horse power col- 
lectively. They are direct-acting trunk engines, having cylinders 
of 28 in. effective diameter, and a length of stroke of 18 in., each 
driving a separate screw working under the counters, and so 
arranged as to work entirely independent of one another, so that 
one may be worked ahead and the other astern. ‘Ihe boilers 
are tubular, baving 3200 ft. of heating surface. During the 
trial, the engines indicated more than 4} times their nominal 
power, or nearly 650 horse-power indicated, making about 104 
revolutions, and working throughout without any heated bear- 
ings, the boilers giving an abundant supply of steam. In order 
to prove the advantage of the double screw system in mancu- 
vring vessels, the ‘or was got under way and taken out of dock 
without having a single rope to the quays, and worked down the 
Itchen (the tide being low at the time) with the rudder lashed 
amidships, the facility with which she was turned and started 
ahead being most remarkable. The Tor proceeded down the 
Southampton Water, and joined company with the Mongolia, 
one of the Peninsular and Oriental steam fleet, which was Just 
starting on her voyage to the Red Sea, and the two vessels ralt 
together as far as the Needles, each doing its best to pass the 
other, but proving a fair match in speed, which was estimated at 
about twelve knots per hour. After leaving the Mongolia, some 
experiments were made on board the Tor in turning cire 
when it was found that, when going ahead with one engine an 
astern with the other, the vessel circled round on her centre 
without making any headway, the complete circle being made 
in about six minutes. No regular trials of speed could be made 
on the measured mile, owing to the unfavourable state of the 
weather; but on a former trial at ee: the vessel-attain 
a rate of eleven and a half knots at full speed, and nine knots 
when driven by one engine alone, the other being stopped a 
the screw disconnected. By this arrangement half the engine 
power may be used with a comparatively small reduction ve 
speed, but with great economy in fuel, besides giving - = 
tunity on long voyages of doing any repairs that ~~ trial of 
sary at one engine, while working with the other. The 
the Tor was considered very satisfactory. 
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THE GANGES CANAL. 
Tur Ganges Canal, though probably the grandest 


work of its class in the whole of India, cannot, even 
in the eyes of its most a a admirers, be con- 
sidered a success. Sir Proby Cautley himself is now 
fully aware of the errors committed in the original 
design, and he has not been slow to confess them ; but 
whilst some have been hasty to pass strictures on the 
work as a whole, and to criticise somewhat severely 
the several details of its construction, it is our duty 
merely to point out wherein the principal causes of 
failure lie, leaving it to the officers of Government en- 
trusted with the work to devise measures. whereby 
those causes may best be remedied. But whilst not 
desiring in any way to forestall their conclusions, it will 
not, perhaps, be considered out of place if we throw 
out such suggestions as may appear to us most prac- 
ticable on a general consideration of the subject. 

It may, doubtless, be considered somewhat surpris- 
ing why the water supply of this canal should have 
been taken from a point where the Ganges river, 
emerging from the mountains, rushes with ee 
speed, and whence the slope of the country through 
which the canal had to be taken is considerably greater 
than could possibly be given to the bed of the canal 
itself, to say nothing of the heavy drainage channels 
which had to be crossed between Hurdwar and Roorkee; 
and, therefore, why the canal head should not have 
been placed at some point below Roorkee, whereby all 
those difficulties might have been avoided, and a large 
portion of the sum expended on the canal saved. The 
system of drawing supplies of water for canals from 
the higher regions, where the beds of the rivers consist 
of boulders and shingle, situated on heavy slopes, has 
been in use in the north-western provinces of India 
from the earlier days of canal-making by the old 
Pathan conquerors, and has been followed by subse- 

uent engineers, including those of the = day. 

he course adopted in the Madras presidency differs 
from this ; it is to construct a dam, with a considerably 
elevated wasteboard, across the bed at a point con- 
siderably lower down, and where the river is in full 
volume, and to force it to give the necessary supply by 
an artificial elevation of its waters, by which means an 
artificial reservoir of supply is obtained in lieu of the 
natural flow of water into the heads which is otherwise 
gained by taking it from the higher level of the rivers. 
The physical conditions, however, of the river systems 
in the two cases are, in some important respects, 
widely different, and that which is suited to the one is 
not equally applicable to the other. 

Without entering into a detailed description of the 
country in the neighbourhood of the present head of 
the Ganges Canal—which would obviously lengthen 
out the present narrative far beyond the limits of a 
single article—it may now be stated, firstly, that to 
have taken the head of the canal from a point below 
the confluence of the Solani, near Roorkee, as has been 
suggested, at Sookurtal, would have deprived the 
country above that point, including the Saharunpoor, 
Moozufferunggur, and the greater portion of the Meerut 
districts, through which the canal now passes, of the 
benefits of irrigation. The ridge of land forming the 
watershed of that line on which the canal is carried 
places it on the highest possible level whence water 
can be distributed for the purpose of irrigation, without 
artificially raising its level, and it can be led off from 
sluices on a level with the canal bed, thus necessitating 
a less depth of water in the canal, and a consequent 
lower speed of current, than if the water had to be 
raised to a higher level to accommodate thé surrounding 
districts. Secondly, to have placed the canal head 
below the several drainage channels, as at Sookurtal, 
would have necessitated the construction of a dam 
across the Ganges of not less than a mile or a mile 
and a half in length, and it would, with the permanent 
elevation of the dam and its regulating apparatus, be 
at least 15 ft. above the dry-weather surface of the 
river. The flanks of such a work, both on its masonry 
and earthen portions, must also be raised in a degree 
corresponding with the calculated height of flood 
water, or to about 20 ft. above the dry-weather surface 
of the river; besides which the mouth of the canal 
would have to be very heavily protected, entailing in 
all a work of great expense and questionable utility or 
stability, since the tendency of the river at all times, 
and especially in floods,.when interfered with by dams, 
is to undermine the foundation in front; and this 
elect is most markedly active in the flanks, which it 
endeavours to turn by every means in its power. 

urther, during floods, trees torn up the roots and 
rafts of large dimensions swept down by the river, 
together with all the débris brought from the moun- 





tains and forests in its course, would be collected on 
the dam, and as the mass became top-heavy and fell 
over, could not fail to cause more or less injury to the 
works. Thirdly, a permanent headwater maintained 
for the canal supply, raised to the height of 15 ft. 
above the low-water level, and a maximum headwater 
in floods equal to 18 ft.—supposing the slope of the 
bed of the river to be 1} ft. per mile above the dam— 
would give a backwater extending 10 and 12 miles 
respectively up the bed of the river. The inundation 
caused by this backwater would, in its more northern 
parts, extend irregularly over a width of 13 miles, and 
cover a superficial area of about 80 square miles, and 
to contract this area of inundation by embankments 
would be a work of not only enormous expense, but of 
very doubtful stability. Fourthly, the effects upon 
the country of so vast a lake, with its attendant 
morasses, would be to establish a vast centre of 
malaria, and a harbour for wild beasts, and so to in- 
troduce an evil of the greatest magnitude, which would 
prove a curse instead of a blessing upon the surround- 
ing districts. And fifthly, the cost of excavation 
alone for a channel to connect the new head works 
with the present canal must prove excessive, ne- 
cessitating, as it would, the cutting in some places 
toa maximum depth of 96 ft. 

A permanent dam should have been constructed 
across the Ganges at the head of the canal works, so 
as to ensure the supply of water; the temporary works 
which are now thrown up after every monsoon being 
liable to be washed away when most wanted, and this 
contingency has once occurred already. On the score 
of economy, however, temporary dams may find advo- 
cates; the annual cost of renewing them is, in the 
present case, about 2000/., representing a capital of 
40,000/., whereas the construction of a permanent 
dam would probably not cost less than 75,000/. But 
taking the interests of the cultivators into considera- 
tion, who are dependent on a continuous supply of 
water, on the one hand, and the certainty of the 
returns to Government from water rent, on the other 
hand, there can be no doubt that such a work is 
desirable in face of the expense, and it must ulti- 
mately be undertaken before the canal can be ex- 
vected to prove remunerative. The nature of the soil 
is favourable to the construction of a permanent dam, 
and the boulders which abound along the bed of the 
river would furnish materials of the best description 
for such a purpose ready at hand. 

One of the greatest faults of construction—and 
indeed the great fault—has been the excessive slope 
given to the bed, being, as stated in a former article 
on this subject, from 15 in. to 12 in. per mile—or, to 
give it more accurately, for the first two miles of its 
course from Myapoor to the Kunkhul Bridge, where 
the bed consists of boulders and shingle, the canal bed 
has a slope of 2 ft. per mile; for the next three miles, 
extending to the Ranipoor works, of 14 ft. per mile; 
and thence downwards the slope varies, as before 
stated, from a maximum of 15 in. to a minimum of 
12in. per mile. ‘This slope of bed, with a depth of 
10 ft. of water which it was originally intended that 
the canal should carry, would give a current of from 
24 to 2? miles an hour, and less than that rate has 
already proved too much both for the bed and the 
banks of the canal. The means adopted in order to 
guard against those evils, which had been anticipated 
and, it was thought, counteracted in the design for the 
canal, by strengthening the floorings and tails of 
bridges by heavy and extensive boulder work, and by 
offermg as many checks as possible to retrogression of 
levels, have entirely failed, and the consequence has 
been that the excessive slope given to the canal bed 
has acted in its fullest extent. ‘This slope was, like 
the adoption of a temporary dam at the canal head, 
taken, we believe, from that existing in the Western 
Jumna, one of the oldest canals in the north-western 
provinces. ‘The only remedy that can now be applied 
to this evil appears to be the construction of more 
masonry falls, and something in this direction will no 
doubt be ultimately done, since the subject of recon- 
structing the canal so as to enable it to take the full 
discharge of the Ganges at Myapoor is now under 
consideration, and this, the great and fundamental error 
in the whole project, has been the first to engage the 
attention of the engineer to whom the duty of pro- 
jecting a revival scheme has been entrusted. 

Had the mere convenience of delivering the water 
for irrigation at the highest possible level, coupled 
with economy of construction, alone been considered, 
the canal ‘need not have been excavated to the entire 
depth of full-water supply, but a portion of the water 
might have been poe above the level of the countr 
by means of embankments raised on each side of a di- 








minished excavated depth; but experience has shown 
that in the north-western provinces a high-water mark 
above the level of the country cannot be maintained 
with due regard to sanitary considerations. In some 
cng the surface soil, and in all cases the subsoil, 

eing of sand, it is ill suited for the construction of 
such embankments, and water standing on raised banks 
of such material would always lead to percolation and 
leakage. The more dangerous contingency of breaches 
from the excavations of otters, rats, &c., afforded 
further reasons for not resorting to that method. The 
slope of the country being much in excess of that of 
the canal bed, the latter at certain points approaches 
the surface, and it is from these points that the main 
distributing channels are taken off, thus affording every 
facility for its reaching adjoining lands. 

The several falls in the canal bed, which have been 
constructed in order to overcome the excessive natural 
slope of the country, are formed after the manner of 
similar works in use on some of the Italian canals. 
They are in the form of an ogee, of which the following 
is an illustration : 
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Bisect A 1, and frem the point of bisection at a craw a 
perpendicular cutting the line A C at C. 

Join C 1, prolonging the line until it cuts the line D B at D. 

From the points C and D as centres draw the curves of the 
ogee. 


The considerations which led to the use of this form 
were, that in nature, where retrogression of levels 
occur in loose soils, it is remedied by a eee the river 
to run on extended twists, which, by lengthening its 
course, and consequently reducing the amount of slope 
upon which it runs, puts a stop to the violent action of 
the current, and thereby to retrogression. The effect 
of this form of fall has been that the water, acquiring 
an increased velocity down the ogees, has, by its force 
and the eddies thereby caused, injured the tail works, 
and so endangered the stability of the falls, This will 
now have to be remedied, probably by the substitution 
of perpendicular falls, having a sufficient depth of 
reservoir below to prevent the water acting injuriously 
on the foundations. All the falls are formed entirely 
of brickwork, the absence of suitable stone in the 
neighbouring hills being the cause why the more 
durable substance was not employed in their construc- 
tion. Had stone of a proper substance been obtainable 
at any reasonable cost, ions works might still have 
been serviceable, although, for falls where there is so 

eat a discharge as in the Ganges Canal, the perpen- 

icular form is the better suited, ogees being more 
suitable where a small volume only of water has to be 
accommodated. 

Thus far we have considered the errors of construc- 
tion so far as irrigation is concerned, but there are 
others which affect the canal as a channel for naviga- 
tion. Of these, perhaps the most important mistake 
is, that the falls are placed on the direct line of the 
canal, whilst the navigation lines and locks are placed 
out of the direct line, and the whole of the traffic is 
thus compelled to make a detour. To avoid this, a 
curve might have been given to the course of the canal 
at these points, and a straight navigable cut, with locks 
made to connect the a above and below the fall. 
With the slope given to the bed of the canal, and the 
consequent velocity of the stream, this might have 
waned a cutting of the banks where deviation was 
made from a straight line ; but, with a reduced velocity, 
there would be but little cause for ores such a 
result, and the traffic would be considerably benefited. 
The height of the bridges varies, some of them with the 
soffit of the arch as low as five feet above high-water 
mark, which the partial silting up of the canal bed has, 
in some parts, been reduced by the raising of the high- 
water mark to the extent of two feet. A great omis- 
sion has also been made in the interest of the line as a 
navigable channel, by omitting to carry the towing- 

aths through the arches of the bridges, so that the 
fine has to be thrown off at every bridge, that is, at 
every three miles. 

Useful as water undoubtedly is as a means of com- 
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munication, especially in countries abounding with 
large rivers, the return from navigation receipts on the 
canals in India has hitherto formed but a fractional 
part of the revenues derived from such works ; neither 
is it probable that, with the rapid extension of railway 
communications in that country, such retufns are likely 
to increase to any great extent. And with reference to 
this subject, there are other considerations to be borne 
in mind; namely, as to whether canals can be profitably 
constructed to accommodate both purposes of irrigation 
and navigation. The former must always prove the 
more important object in a country subject to drought ; 
and in order to ensure sufficient water for navigation 
during the seasons when the greatest possible supply 
is required for irrigation, would in most cases necessi- 
tate the construction of vast reservoirs at a great ex- 
pense, for which it is very questionable whether the 
navigation receipts would atford a commensurate return 
on outlay. 

The estimate for remodelling the Ganges Canal 
amounts to nearly 400,0U0/., which, added to the ex- 
penditure already incurred on its construction, amount- 
ing to 2,050,0002., will raise the total cost of the work 
when completed to 2,450,000/. 

—SSSSSSSSSSSSS==S—— 
ROLLED JOISTS. 

In some experiments which Mr. Fairbairn made, a 
few years ago, he found the strength of rolled beams, 
as compared with that of rivetted plate girders of the 
same depth and sectional area, to be as 10 to 8. In 
the “ Philosophical Transactions ” for 1850 (Part II.), 
he recorded an extensive series of experiments upon 
rolled deck beams, in which the constant, in the 
ade 








formula, W = , was found to be 80. Here, how- 


ever, the bottom flange was of considerable section, as 
. . ry 

compared with the whole area of the beam. The 
value of the constant, in the above formula, depends 
partly, of course, upon the proportion which the area 
of the bottom flange bears to that of the whole beam. 
In other words, with a rectangular beam having no 
bottom flange, and supposing we attempted to apply 
the formula, a would be zi/, and the constant ¢ would 
be infinite. Indeed, the formula would not apply. 

We gave the results, some weeks since, of some ex- 
periments upon the strength of Belgian rolled beams, 
of a total sectional area of 44 square inches, and having 
a bottom flange of but 1 square inch. Had the bottom 
flange been altogether cut away, it is evident that the 
beam, supposing it were prevepted from giving way late- 
rally, would still have had some amount of strength in a 
vertical direction. The very high constants, therefore, 
obtained in the experiments in question result from the 
small proportionate area of the bottom flange, and 
partly, no doubt, from the good quality of the iron. 

With regard to the deck beams which Mr. Fair- 
bairn experimented upon, as above mentioned, that 
gentleman writes us that the irom of which they were 
rolled was exceedingly ductile. In other and more 
recent experiments with harder iron, he obtained much 
higher constants. Had the bottom flanges been of less 
yroportionate area, the constants would have been still 
bigher, although the absolute strength of the beams 
would have been less. In other words, the constant, 
applicable to the breaking formula, does not represent 
the real value of the beam. A beam may, from a bad 
distribution of iron, be really weak, and yet show a 
high constant for a small bottom flange. In the case, 
however, of the beams tested by Mr. Kirkaldy, to 
Messrs. Phillips’s order, the absolute strength was 
much greater than had been expected by some of the 
best judges who attended the trials, and the results 
could only be accounted for by the undoubted excel- 
lence of the iron. 

We may add that Mr Fairbairn is about commenc- 
ing a series of experiments on the strength of the 
various steels and semi-steels made by the Bessemer 
process, the puddle-steel process, the homogeneous 
metal process, &c.; also upon the various qualities of 
steel made from different ores. The results of these 
experiments cannot fail to be of much interest and of 
considerable practical value. 


MACHINERY AND THE Fite Tt.ape.—The great dispute in 
the file trade is still unsettled, It is becoming almost entirely 
a contest as to the use or non-use oi machinery. The manufac- 
turers have unanimuusly resolved not to reopen their works even 
on the old terms until the men withdraw all opposition to the 
use of machinery, and as yet the men have shown no disposition 
to yield on that point. Mr. Turton, of Sheffield, has lately 
patented a new file-cutting machine. 

Ine WiGay Coat axnp Iron Company.—The Railway 
News, in a review of the schemes for joint stock companies for 
1865, places the Wigan Coal and Iron Company among those 
which have fallen through. No doubt, the mistake will be 


corrected, as the company is in full and profitable work. 





AMERICAN LOCOMOTIVES. 


Tue American locomotives, from the small! diameter 
of their blast pipes, waste more of their steam in back 

ressure than is the case with English engines, and the 
fotmar are not worked so expansively as the latter. 
An attentive correspondent at New York has sent usa 
series of diagrams taken from the large locomotives of 
the Erie Railway, a line of 6 ft. gauge, and having 
long stretches of gradients of 1 in 88. 

Engine No. 203, upon this line, has 18 in. cylinders 
and 20 in. stroke. The steam ports are 154in. long 
by l%in. wide, and the exhaust port is of the same 
length and 23in. wide. The outside lap at each end 
of the valve is tin., the inside lap ~;in. The ex- 
treme travel of the valve in full gear is 54in., and 
the lead in full gear, Jin. Each cylinder has its sepa- 
rate blast pipe, the diameter at the nozzle being 2 in., 
little more than one-half the diameter, and giving one- 
third the area, common with the same size of cylin- 
ders in England. The driving wheels are 5 ft., 5} in. 
in diameter. 
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The first diagram was taken at 144 revo- 
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lutions per minute, corresponding to about. 28 miles 
an hour. The valve gear was set where it should 
have cut off at 84in. of a 20in. stroke, but the real 
suppression is more nearly at half stroke, showing 
either some amount of lost motion in the valve gear 
or a leakage of the valves. The initial pressure on 
the piston is 114 1b. per square inch, and the average 
effective pressure 70.2 lb., the engine working to 
518} horse power. Here the resistance of the small 
blast pipes is seen, the average back pressure, up to the 
point where compression commences, and not inclu- 
ding the compression itself, being no less than 104 lb. 

At 198 revolutions, or about 38} miles an hour, the 
back pressure was nowhere less than 7 lb., and averaged 
8 lb. irrespective of compression. Although the valve 
gear was set to cut off at 7 in. of a 20-in. stroke, the 
steam and expansion line formed together a slightly 
undulating line, sloping very regularly from 99 lb. at 
the beginning of the stroke down to a back pressure 
of 11}]b. at the end. In other diagrams from the 
same engine, and where the valve gear had been set to 
cut off at 7in., the apparent point of suppression, so 
far as it could be distinguished from the sloping line 
due to wire drawing, was at half stroke. 

The following diagram, from engine No. 155, shows 


—— 
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how the Ametican engines can carry their steam al- 
most to the very end of the stroke. In English prac- 
tice, we should seldom allow the steam to follow 
further than three-fourths of the stroke in full gear. 
Engine No. 155 has 18 in. cylinders, 20 in. stroke, and 
the diagram was taken at only 45 revolutions per 
minute of 5 ft. lin. driving wheels. The steam 
ports are 14in. by 13in., and the exhaust port 14 in. 
sy 22in. There is but a single blast pipe, 343 in. in 
diameter, and the sudden rise in the exhaust line at 
about half stroke is due to the discharge at that point 
of the steam of the opposite cylinder into the same 
pipe. The cylinder pressure in this diagram was car- 
ried at 1301b. for nearly the whole stroke, yet the 
steam gauge was so defective as to show but 115 |b. 
in the boiler at the same moment. On another occa- 
sion the same engine was fitted with a blast pipe to 














The following diagram was then taken at 84 revolu. 
tions, corresponding to about 155 miles an hour. The 
back pressure is very slight, but it would of course 
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increase rapidly at a higher speed if, as in this case, the 
cylinder were then filled for 12 in. of a 20 in. stroke. 
We give another pair of diagrams from engine No, 
204, having 18in. cylinders, 20 in. stroke, and four 
coupled driving wheels 5 ft. 54in. in diameter. The 
steam ports are 15}in. long and 12 in. wide, the ex- 
haust ports 22 in. wide, and there is a separate blast 
pipe with 34in. nozzle to each cylinder. 


Sissies 


/ 














The larger diagram was taken at 88 revolutions per 
minute, or about 17 miles an hour. The valve gear 
was set to cut off at 173 in. of the 20in. stroke, but 
the real point of cut off was later. The initial cylinder 
pressure was 105 Ib., the boiler gauge showing only 
106 |b., although the real pressure was no doubt much 
more. The back pressure was, for a considerable 
portion of the stroke, very great, but fell to the atmo- 
spheric line at half stroke. The smaller diagram was 
taken at 240 revolutions per minute, or 46.6 miles an 
hour. The regulator was wide open. The steam 
gauge showed 95lb. steam, and the initial cylinder 
pressure was 85lb. The steam was cut off at 7 in., or 
at 0.35 of the stroke. The back pressure in this case 
was not great, dropping at some places to 3)b., al- 
though, irrespective of compression, the average was 
perhaps 5 lb. 

We need not multiply these diagrams. Some of 
those before us are worse than we have given, but per- 
haps none are better than the best we have given. We 
think those given warrant the conclusion that the 
working of the steam in American engines might be 
considerably improved. : 








EXPANSIVE WORKING. 


We had but an indistinct idea that we were engaged 
in a controversy with Mr. Allen, until his last letter 
reached us this week. It is true we differed from him, 
and still differ, in our views ; but we supposed that there 
was so much in the case established by unquestionable 
facts and a little arithmetic that we could well afford to 
let him have his say, and that we needed only to refer, 
in reply, to what was, or ought to be, well known. 

Mr. Allen commenced, some weeks back, by classing 
one of the best examples of traction engines among 
those which “waste from one-half to two-thirds of 
“their steam.” We knew this charge to be unjust, 
and the makers of the engine, had they cared to do so, 
might have reasonably complained of us for admitting 
such a statement into our columns. : 

Mr. Allen proposed a high degree of expansive 
working as a cure for engines “ which waste from one- 
“half to two-thirds of their steam.” He did not, it 1s 
true, mention the exact grade of expansion he would 
adopt, but there was no doubt that it was to be a high 
one, say eightfold or tenfold. We could only meet 
this with the reasons which, as opposed to high expaa- 
sive working in non-condensing engines, are probably 
pretty familiar to most engineers. To thus argue 
against what is generally known to be wrong or mex- 
pedient is a little tedious, and we possibly failed to 
show the interest in the subject which perhaps it de- 








each cylinder, each blast orifice being 3} in. in diameter. 


serves. But Mr. Allen is not done with it, and his 
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letter compels us to clear ourselves of a good deal 
which he apparently puts upon us. Of course we have 
it in our power to have the last word, but we are not 
sure that, should Mr. Allen write us again, we shall 
avail ourselves of our opportunity. It will depend 
upon what he says. True, we put him into small type, 
as a matter of usage of the press and to economise 
space, but none who read what we say will fail to read 
his letter to which we refer. It is on page 242. The 
type is not too small for good eyes, and those who 
cannot get through it will ask some friend to read for 
them. True, we print numerous diagrams in support 
of our case, while Mr. Allen offers none in support of 
his. True, we reiterate something of what we say, 
because, being denied, we can only retura with counter- 
denial in the shape of facts, and the facts are always 
the same. 

The traction engines under discussion have valve 
gear whereby we may cut off at from one-fourth to 
three-fourths of the stroke. We give here a diagram, 
taken when cutting off at one-fourth stroke, from one 
of Messrs. Aveling and Porter’s 10-horse traction en- 
gines, and which, with the exception that there is not 
enough (if, indeed, there is any) lead, may be set down 
as a very excellent diagram. It was taken with 
1101b. boiler pressure: 89]b. reached the piston, 
and the back pressure was but about 23 lb. We 
should add that the diagram was taken at a 
very moderate speed. How often the engine 








works in the notch which this diagram gives, we don’t 
know, nor is it for our present purpose important to 
know. We only say that the moment when it can be 
shown that a real commercial advantage accrues from 
working in this notch, makers of traction engines are 
ready to provide cylinders of a size which wil permit 
of the same degree of expansion when doing full work. 
Mr. Allen’s letters are, as yet, barren of the informa- 
tion which can settle such a question. There is no 
reason whatever why traction engines should not 
work regularly so as to cut off at one-third stroke ; but 
there can be no disadvantage in having valve gear 
which will, upon occasion, admit of working the steam 
for nearly the whole stroke. The diagram given shows 
upwards of 40lb. mean effective Syage and this 
corresponds in the 12 horse engine (11 in. cylinder and 
150 revolutions) to 40 indicated horse power, which is 
very good work, we think. Ifa very hard pull is 
needed for a short distance, the engine can easily work 
up to twice this power for a few minutes. Except 
when overloaded, the engines can easily and regularly 
work cutting off at one-third stroke, and we shall now 
make the comparison between a three-fold and a ten- 
fold expansion. This comparison will be deduced from 
the theory of expansion, and we shall ey assume 
everything that we can in favour of high expansion, 
except the use of wet steam. Steam ought never and 
need never be used wet, and it is a lame argument in 
favour of high expansion to say that it gets more than 
low expansion can get out of wet steam, which ought 
never to enter the cylinder at all. We shall assume 
that steam is a perfect gas (which it is not), and that 
its pressure varies inversely as the space occupied by 
a’ given weight. We shall assume that there is no 
back pressure nor compression, although there always 
is in traction engines, and both act directly against the 
advantages derivable from expansion. We shall assume 
the high boiler pressure of {90 Ib., and that this pres- 
Stre reaches the piston, although in point of fact but 
80 1b. or 90 1b. do reach the piston. We shall assume 
that there is no internal cooling of the cylinder, nor 
condensation of steam, although we know there is both, 
and that the loss is greater under expansive working. 
And we shall disregard the loss of steam in the cylinder 
ends and ports, which bears a higher proportion to the 
work done in expansive than in non-expansive working. 

The readiest mode of making the comparison will be 
to imagine two cylinders, each having one square inch 
area. One shall be 3 ft. long, the other 10 ft. long, 
and each shall have full steam of 120 1b. admitted for 





1 ft. of its length, the work done in this length bein 
thus 120 foot-pounds. . If the steam be then expande 
in the shorter cylinder, the average pressure above the 
atmosphere will be 79.8 lb., and the work done in the 
whole stroke of 3 ft. 239.4 foot-pounds. In the longer 
cylinder the ae pressure above the atmosphere 
will be 29.85 lb., although at the end of the stroke the 
steam will be 1.2 lb. below the atmosphere, the expan- 
sion reaching down to the atmospheric line at about 
nine-tenths of the stroke. This loss is therefore 
measureable ; but to help the case of expansion we will 
disregard it, and we thus have the foot-pounds of work 
done=298}. Now, upon this hpyothetical case, in 
which we have assigned so much in favour of expan- 
sion that we know cannot possibly exist in practice, 
we come to the comparison of 298} and 239.4 foot- 
pounds, as the work done by the same quantity of 
steam expanded in the one case tenfold and in the 
other not threefold. Of what we might thus theoretically 
Bain by the higher rate of expansion, we find we lose 
ess than twenty per cent. when we content ourselves 
with a threefold rate of expansion. With a sixfold 
rate of expansion, we should have a mean pressure of 
48.12 lb. above the atmosphere, and 288.72 foot- 
pounds of work done ; so that the theoretical saving of 
a tenfold over a sixfold rate of expansion in a non- 
condensing engine is but about three per cent. In 
practice, with all these different rates of expansion, we 
should have the same length of stroke in all cases, and 
make cylinders of larger diameter as the expansion 
was increased. Let the area of the piston for steam of 
120 lb. worked through the whole stroke be 1; then 
for a threefold expansion it will be 14 for a sixfold 
rate 24, and for a tenfold rate 4. 

But when it comes to practice (excepting only that 
we sometimes have wet steam to deal with), a number 
of circumstances arise which go to neutralise the gain 
by high es There is more relative waste of 
steam in the ports and cylinder ends; the cylinder 
cools internally, and causes a loss by condensation; the 
initial blow upon the working parts, for any given 
power, is greater, and the sharp puff of the exhaust 
steam is wanting to maintain the draft. There is, 
too, the back pressure and compression, which go still 
further against expansion. Thus, to go back to the 
threefold and tenfold rates of expansion in the cylinders 
of lin. area, and respectively 3 ft. and 10 ft. long, if 
the total atmospheric and back pressure resistance 
amounted to 20 lb. instead of 14.7 1b., then the foot- 
pounds of work done would be 2234 and 2454 respec- 
tively, so that the loss of the threefold as compared 
with the tenfold rate would be less than nine per cent. 
The principal loss by high expansive working is from 
the greater condensation where the steam is not super- 
heated, and altogether it is a matier of experience that 
the gains upon one side do not balance the losses upon 
the other when expansion is carried very high. Had 
we made the comparison with steam of an initial pres- 
sure of 80 lb., very little, if any, theoretical advantage 
would have appeared in the tenfold over the threefold 


rate, 

If, with the tenfold rate of expansion the high and 
low pressure cylinder arrangement is used, we intro- 
duce several evils. We have the loss of steam in the 
communicating passages between the high and low 
pressure cylinders ; we have the friction and leakage of 
an additional piston and stuffing-box; we have more 
cooling surface; and we have, what is very objectionable 
at high speeds, an additional reciprocating weight in 
motion. And one great evil in most compound engines 
is their extra valve friction. 

Mr. Allen has all these facts to argue against, and 
he can only make out a case by ‘asserting that they are 
not facts. We shall not go over the ground to prove 
them, for we believe them to be generally admitted as 
facts by engineers, and it is for Mr. Allen to show that 
they are not so. 

ut let us follow him in his‘arguments. He has 
much to say of “heavy flywheels” for engines which 
work, to a considerable degree of expansion in a single 
cylinder ; but we can only say that the absolute loss in 
friction of the flywheel is very small indeed. Mr. 
Allen refers to the traction engine tried between 
Rochester and Tenterden, anid while we have our own 
personal knowlédge that the steam was at 100Jb., and 
the revolutions often 200 per minute, he takes the 
statement, not. of the maker, but of his‘ foreman, that 
the pressure was 80 lb.'and’ the revolutions 120.°-He 
does not know, and we do know, the $size of. the 
driving-wheels and the ratio of the gearing (although, 
at the maker’s request, we have not published the 
latter), and we can say that a mean engine speed of 
150 revolutions would not give more, but less, than the 
actual speed in miles per hour made on the road. With 





regard to the point of cut-off in locomotives, Mr. Allen 
has asked questions, industriously no doubt. We, on 
the other hand, have rode more miles upon locomotives 
than would take us twice round the globe, and we have 
taken hundreds of diagrams. We are able to state as 
a fact that the average effective cylinder pressure in 
English passenger engines is under 501lb. (nearer 
40 lb.), and that in goods engines is under 60 |b. 

It will be only travelling in a circle to dispute any of 
these facts, for they can all be proved. But there is 
the one test of experiment, and we think that but little 
good can be effected by urging that a highly expansive 
engine will save one-half or two-thirds the steam con- 
sumed by another fitted with variable expansive gear, 
until this result has been proved in practice, under the 
same conditions of steam pressure and dryness of 
steam. We again desire to say that we wish to en- 
courage rather than to discourage improvements ; but 
every departure from well-settled practice is by any 
means an improvement, and there is much which goes 
to show that Mr. Allen’s highly expansive engines can- 
not have the great relative advantages which he claims 
for them, if, indeed, they have any advantage over 
ordinary engines cutting off at one-third stroke. 








FLOATING DOCK AT ST. THOMAS’S. 


Tne floating dock now in course of erection at St. Thomas's, 
of which we give sections in the accompanying illustrations, was 
designed by Mir. Bramwell, and constructed by Messrs. N. Scott 
Russell and Co., of Cardiff. It is 300 ft. long and 100 ft. wide 
outside, the width inside between the sides of the dock being 
72 ft. The bottom of the dock is formed by six main pontoons, 
each 49 ft. 6in. long, and extending the whole width of the 
dock. Each of these pontoons is 10 ft. deep at the central part 
for a width of 71 ft. 6 in. between the sides of the dock; the re- 
maining portions, each 14 ft. 3in. wide, which come under the 
side girders, are 6 ft. 9in. in depth. The shape of these pon- 
toons will be seen by reference to Figs. 1 and 2. Each pontoon 
is divided by a central bulkhead formed of in. plates united to 
the top and bottom plates of the pontoon by 2} in. by 24 in. 
angle irons; two water-tight bulkheads are also fixed one on 
cask side of the central bulkhead just mentioned, at a distance of 
14 ft. from it, the central space between them always remaining 
empty. These water-tight bulkheads are made of }in. plates, 
the connecting angle irons ames 8 in. by 3in. The pontoons 
themselves are made of }in. plates, butt-jointed, the corners 
being made up by 8in. by Sin. by fin. angle irons. In addition 
to the support afforded by the bulkheads, the top and bottom of the 
central part of each pontoon is stiffened by four rows of diagonal 
bracing, formed of double bars of 2}in. by 24 in. by Zin. angle 
irons; these rows, like the bulkheads, run the lengthways of the 
dock. The transverse trussing is of two kinds, the main trussing 
for distributing the central pressure of the vessel carried by the 
dock over the whole of the pontoons, and auxiliary trussing for 
resisting the external pressure of the water when the pontoons 
are submerged. The arrangement of these transverse series of 
trusses, of which there are eighteen to each pontoon, is shown in 
Fig. 1. The main trussing, which distributes the weight of the 
vessel, consists of flat diagonal bars, those extending from the 
bottom of the central to the top of the water-tight bulkheads 
being 1 ft. 3in. by gin. The next set on each side, those 
extending from the bottom of the water-tight bulkheads to the 
top of the next row of longitudinal strutting, are 104 in. by 4 in., 
whilst those reaching from the bottom of the row of longitudinal 
strutting to the top of the side of that part of the pontoon which 
is 10 ft. deep are 84 in. by }in. ‘There are also a reverse sets of 
diagonal bars, which cross those of which we have just given the 
dimensions. ‘These bars, which are used in pairs, are 8 in. by 
fin., 34in. by $in., and 4 in. by fin. respectively, the lightest 
bars being in this case nearest the centres of the pontoons. In 
those parts of the pontoons which ure 6 ft.9 in. deep all the 
diagonal bars are 54 in. by 4 in. 

In the auxiliary trussing for resisting the pressure of the water 
upon the top and bottom of the pontoons, the struts are com- 
posed principally of 2} in. by 2% in. by y‘;in. angle irons, bent as 
shown in Fig. 8. The tie-bars are double, and are 3 in, by 4 in. 
in the compartments between the water-tight bulkheads, and 
4t in. by 4 in. in the other rey sy gage ‘The auxiliary trusses 
are connected to § in. by Sin. by 4 in. angle irons rivetted to the 
tops and bottoms bf the pontoons.‘ The’ arrangement of the 
trusses for ‘stiffening what we have called the ends of the 
pontoons (that is, considering the length of the pontoons, to be in 
the direction of the length of the dock) is shown in’ Figs. 5 and 
6, the former tigure referring to those portions «f the pontoons 
which are 6 ft. 9in. deep, and the latter to the deeper central 
portions. In each case the struts are composed of double bars 
2 in. by Zin., braced apart by distance pieces, whilst the ties are 
formed of double bars 2}in. by $in. The trusses are secured to 
the ends of the pontoons by 34 by 2¢in. by gin. angle irons 
placed at a distance of 2ft. apart. The water-tight bulkheads 
are also stiffened by trusses placed on that side of them which 
is next the centre of the dock. These trusses, which are shown 
in Figs, 1 and 3, are very similar to those used for strengthening 
the ends of the pontoons, and one of them is placed in a line with 
each set of main transverse trussing. ‘The struts of the trusses 
are formed of double bars 2% in. by 4im., and the ties of double 
bars 34 in. by }in.; they are secured to plates 7 in. by } in., ex- 
tending nearly the whole depth of the pontoons, these plates being 
in their turn each secured to the water-tight bulkheads by two 
8in.. by Sin. angle irons. In those portions of the pontoons 
which are under the side girders, the auxiliary trussing consists 
of struts formed of 3in. by 3 in. by Zin. angle irons, disposed 
radially, as shown in Fig. 1, 

Each side of the dock is formed by a pair of girders 35 ft. 
deep. These rest upon those parts of the pontoons which are 
6 ft. 9in. deep, making, with 1} in. packing between the girders 
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and pontoons, the total depth of the dock at the sides 41 ft. 
104 in. to the top of the girders. The ends of the pair of 

irders on each side are united by vertical box girders formed of 
i in, plates, and 8 in. by 3 in. by 4 im. angle irons. The 

racing of each girder consists, as shown in Fig. 2, of five inter- 
mediate uprights (in addition to the end boxes just mentioned) and 
flat diagonal bars. All the diagonal bars which slope downwards 
from the centre towards the ends of the girders are 2 ft. by § in. ; 
of the reverse diagonals, those at the ends are 2 ft. by $in., and 
the others 2 ft. by 3 in. Each of the upright struts of the girders 
is formed of two plates 1 ft. 7 in. by }in., placed at a distance of 
8 ft. apart, and each stiffened by two 3 in. by 3 in. by } in. and 
one 34 in. 4 3 in. by din. angle irons. These plates 
are trussed by horizontal T irons, 3in. by 2in. by jin., 
and diagonal bars 2}in. by }in., so as to form vertical 
lattice-box girders, as shown in Fig. 2. The corresponding 
uprights of each pair of main girders are connected by double 
bracing, arranged as shown in Fig.1. The di ‘bars of 
these sets of bracing are 6 in. by 4 in. whilst the horizontal struts 
are each formed of two plates, one 6} in. by 4 in. and the other 
74 in. by 4 in., united intoa T form by two 3 in. by 3 in. by 4 in. 
angle irons. The pair of girders on each side are placed at a dis- 
tance apart of 12 ft. 9in. from centre to centre. 

The top and bottom members of the main girders are of a 
trough section. The troughs are 4 ft. deep, and their sides are 
1ft. 3in. apart. In the case of the top member, the sides of 
the trough are formed Seay of plates } in. thick, the top 
of the trough, which is formed of Fo 1 ft. Yin. wide and } in. 
thick, being united to the sides by Sin. by 3 in. by } in. angle 
irons, Angle irons of the same sla ans ane placed along the 
lower edges of the sides of the trough. In the troughs forming 
the lower members of the girders, the web or side plates are j in. 
thick from the ends to within 59 ft, 44 in. of the centre, where they 
increase to } in. in thickness. At the centre of the girder they are 
further strengthened for a length of 18 it. 9 in. by the addition 
of plates din. thick. The bottom plates of the troughs forming 
the lower members are 1 ft. 8 in. wide by # in. thick. The upper 
members of each pair of girders are united by plates # in. thick 

ing the lower edges of the — by transverse 
bracing. The sets of bracing, which are p about 3 ft. a) 
each consists of a pair of bulb-irons 6 in. by }in., with 1} in. 
bulb, extending from one upper member to the other, and 
connected by “—— bracing composed of 4} in. by 8 in. 
by } in. T irons. The upper bulb-iron extends across from the 
top of one of the upper members to that of the other, whilst the 
other bulb-iroa is secured to the plates already mentioned, b 
which the lower edges of the upper members are connec! 





The bulb-irons are attached to the sides of the upper members, 
and the lower one to the transverse plates, by 3 in. by 3 in. b 
} in. angle irons. On the top of the upper members of eac 

ir of girders are placed the deck beams, which are 5 in. square 
in the centre, and rather more than 3 ft. apart from centre to 
centre. The decks thus supported, on each side of the dock, 
are covered with 3 in. planking, and are 14 ft. 9 in. wide for the 
a of the length; this width is, however, slightly 
increased near the centre, where the engines and pumping 
machinery are placed. Each pair of girders is secured to each 
of the six pontoons by four pairs of links, each 24 in. by 12 in., 
placed at the foot of the uprights of the girders, and con- 
sequently at the ends of the pontoons. Those links are secured 
by cotters, and the pontoons could thus be easily disconnected 
from the girders, if this should ever become necessary. 

Between each pair of main girders are placed six “floats,” as 
they are termed, each of these being 46 ft. 94 in. long, 11 ft. 
84 in. wide, and 5 ft. deep. They are formed of ,; in: plates, 
and are each strengthened by longitudinal division plates, and 
by frames formed of plates 6in. by }in., and two angle irons, 
2tin. by 24in. by gin., which are rivetted to the division oe we 
and to the top, bottom, and sides of the float. Each of these 
floats can be raised or lowered by means of three vertical screw 
shafts, which pass through it, as shown in Figs. 1 and 2, and 
are worked by gearing, as will be described presently. The 
object of these floats is to prevent the dock from sinking too far, 
and to counteract any peed. sa tocant. They are arranged in 
four groups of three each, and either of these groups can be 
raised or lowered independently of the others. The screw 
shafts are not screwed throughout their whole lengths, but are 
formed with plain portions 3 in. in diameter and 3 ft. long 
between the screwed , these latter being 6 in. in diameter 
and 12 in. long. The nuts fixed in the floats are 5 ft. 4 in. long, 
so that they are always in gear with one, and sometimes with 


screw shafts have thrust bearings formed by five collars 5} in. 
in diameter and 1 in. thick, working between layers ‘of ligaum 
vitse also 1 in. thick, enclosed in a cast-iron casing. The tops 
of the pontoons are strengthened at the points where these bear- 
“— placed by the addition of stiffening plates 1 in. thick. 

e must now describe the machinery for working the pumps 
and float screws. There are two complete sets of machinery, 
one on each side of the dock, the position of the engine-houses 
being shown by Figs. 1 and 2. As the two sets are similar, we 
shall confine our p ate tion to one of them. It includes two 
high-pressure engines, the one for working the float screws, and 
the other the pumps for emptying the main pontoons; both 








two, of the screwed portions of the shafts. The bottoms of the | pon 
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engines are supplied with steam from a tubular boiler of the 
locomotive class. The engine for working the float screws has 
a pair of cylinders 7 in. in diameter, with 12 in. stroke, the crank 


shafts carrying two pinions 1 ft. 4in. in diameter, which gear 
into spur wheels 3 ft. 4in. in diameter, fixed upon a shaft which 
runs under the centre of the deck for nearly the whole length of 
the dock. On this shaft are fixed bevel pinions, Yin. in. diameter, 
which gear into bevel wheels 3 ft. 9 in. in diameter, placed one at 
the top of each float screw-shaft. As we have already said, the 
gearing is arranged so that the screws of each group of three 

oats can be worked independently. The engine for working 
the pumps has a pair of cylinders 10 in. in diameter and 15 in. 
stroke. On the crank shatt of this engine is fixed a spur wheel 
2 ft. 74 in. in diameter, which gears into two other spur wheels, 
each 3 ft. 6 in. in diameter, which are connected by clutches with 
two shafts extending from the engine, one towards each end 
of the dock underethe deck. These shafts are provided with 
pinions 12in. in diameter, which géar into spur wheels 3 ft. in 
diameter, fixed upon short countershafts ; and on one end of each 
of these coyntershafts is placed a disc wheel, having a crank-pin 
fixed in it for working a pump. . 

The pumps, of which there are two to each of the main pon- 
toons, one on each side of the dock, are each 1 ft. 5in. in 
diameter, with a stroke of 2 ft. They are arranged two at the 
bottom of the central uprights on each side of the dock and one 
at the bottom of each of the other uprights. A light wrought- 
iron tube ,1 ft. 6 in. in diameter, is carried from the top of each 
pump barrel to the space beneath the deck where the shafting 
is placed. The suction pipes of the pumps are 12 in. in diameter, 
and the discharge pipes leading from the top of the barrel are 
1 ft. 2in. by 6in. ‘These latter pipes are provided with covers 
or flat valves, at the lower end, + means of which they can be 
closed when desired.. The pump. valves are of india rubber. 
There are two sluice valves for the admission of water to each 
toon; they are ordinary sliding valves, and are opened and 
closed by means of gearing and shafting connected with four 
handwheels placed near the engines, two on each side of the 
dock. 


The total weight of the ironwork, &c., used in the dock 18 
about 3000 tons. It has been constructed for the St. Thomas's 
Floating Dock Co. (Limited), and will accommodate the largest 
West India mail steamers. Itis expected that the dock can 
sunk in about twenty minutes and raised in about an hour-and- 
a-half. Two of the pontoons have already arrived at St. 
Thomas’s, and almost the whole of the ironwork has left - 
contractor’s works at Cardiff. Our illustrations were prepare 
from drawings kindly lent by Mr. F. J. Bramwell. 
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ERICSSON’S GUN CARRIAGE. 
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In the course of the paper on “ The American system of Turret 
Ships” se which we gave an abstract in our last number), read 
by Mr. John Bourne, the well-known author, before the Insti- 
tution of Naval Architects, he alluded to a gun carriage, invented: 
by Mr. Ericsson, which had been applied to the Madawaska 
and some other American vessels. br this gun carriage we 
= a plan and side elevations in the enone illustrations. 

‘he carriage, which is formed of wrought-iron plates, is placed 
upon a radial slide or turntable which moves about a pin fixed 
beneath the port in the side of the vessel. This slide is carried 
near its inner end by a pair of small wheels which bear upon 
a segmental _ fixed to the deck, as shown in the plan, this 
plate being furnished with a stop at each end to prevent the 
slide being traversed too far; a similar but smaller plate supports 
the other end of the slide; this last plate, however, is not fur- 
nished with sto The traversing motion is effected wy means 
of a bar coupled at one end to the under side of the slide, and 
furnished at the other with a rack which gears into a pinion 
fixed on a short vertical shaft contained in a pillar or casing at 
one side of, and a short distance from, the gun. This casing is 
shown in the plan and side elevations. The vertical shaft car- 
ries at its upper end a bevel wheel, which is geared into by a 
bevel pinion fixed upon a horizontal shaft placed across the top 
of the casing already mentioned. This horizontal shaft is fur- 
nished with winch handles, by which the gear can be worked, 
and a pinion, fitted with a detent, is also fixed upon it for lock- 
ing it when required. The slide is traversed throughout its 
entire range by seventeen turns of the winch handles. The 
slide is formed of a pair of longitudinal bars connected by trans- 
verse framing, as shown in the section, Fig. 4. To the outside 
of those longitudinal bars are fixed the brackets carrying the 
conical wheels upon which the slide traverses, and to the insides 
are bolted a pair of racks, which are geared into by a couple of 
pinions fixed on a shaft carried by the gun carriage. ‘The ends 
of the side frames of the slide are furnished with india-rubber 
cushions for stopping the gun carriage in case the compressors 
(which will be described presently) should not be sufficiently 
tightened to take up the recoil. 

The gun carriage is moved backwards and forwards upon the 
slide by means of the train of gearing shown in Fig. 8. This 
—" consists of a pinion fixed upon a shaft furnished with a 
winch handle, this pinion gearing into a wheel placed on an in- 
termediate shaft, which also carries a pinion gearing into the 
lower spur wheel, shown in Fig. 8. On the shaft of this wheel 
are fixed two pinions, which gear into the racks which, as 
already stated, are fixed to the side frames of the slide. Twenty- 
two turns of the winch handle are required to move the gun 
through its extreme backward and forward traverse. ‘The 
Jower spur wheel is connected with the pinion shaft just men- 
tioned by the “compressor,” which forms the peculiar feature 
of the whole arrangement. This compressor is constructed as 
follows:—The body of the spur wheel: forms a drum, having 
four radial feathers, or short arms, projecting from its inner cir- 
cumference for almost its entire depth. In each of the four 
compartments formed by these feathers are placed six segmental 
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ieces of wood, these segments forming, as it were, six rings 
seen where the feathers occur. On the shaft to which the pinions 
are fixed, are keyed, each by four keys, five wrought-iron discs, 
about 16 in. in diameter, these being so placed on the shaft that 
they come within the drum formed by the spur wheel, and fall into 
spaces left between the wooden rings already described. As the 
insid@diameter of the wooden rings is about 9in., the wrought- 
iron discs overlap them about 3}in. all round. At the ovt- 
side end of the drum of the spur wheel is placed a cover, 
which can be tightened up by means of bolts passing ao 
wooden rings and the inner end of the drum, thus drawing the 
wooden rings together, and nipping the discs, keyed on the 
shaft, between them. The whole arrangement is clearly 
shown by Fig. 5. ‘The gun carriage is supported on four 
small wheels, which run on the top of the side frames of the 
radial slide, and it is held down to its place by crossbars fas- 
tened to the bottom of it, and having claws which project under 
the racks, ‘The action of the compressor is as follows:—\When 
the loaded gun has been brought up to the port by means of the 
gearing, this latter is locked by means of a pinion, fitted with a 
detent and fixed upon the shaft carrying the winch handle, 
When the gun is fired, the recoil causes the racks to drive the 

inions gearing into them, and as the rest of the gearing is 
ocked, the pinion shaft bas to turn within the spur wheel, the 
dises revolving between the wooden rings, which, of course, 
remain stationary. By screwing up the bolts passing through 
the wooden rings and cover, the frictional resistance opposed to 
the revolution of the discs between them, and consequently to 
the rotation of the pinion shaft and the backward movement of 
the gun carriage upon the slide, can be regulated to any desired 
extent. The whole arrangement of gearing and compressor is 
very compact and effective. A drawing and handsome model of 
this carriage, as fitted to the Madawaska, have been presented by 
Mr. John Bourne to the United Service Institution, and placed 
in the museum there; and it is from this model and drawing 
that our illustrations have been prepared by permission of Mr. 
Bourne. 








Sreet Guns.—We believe that Messrs. John Brown and Co, 
(Limited), of Sheffield, have it in contemplation to manufacture 
cannon by removing the core of Bessemer steel ingots, and then 











heating them and rolling them down. 
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A FRENCH SOLDIER. 

Even if a French soldier have no connexion with 
engineering, an engineer cannot fail to be interested 
with the remarkably exact and elaborately detailed 
system under which every man in the imperial army is 
numbered and ticketed, and all that concerns him is 
formulated and recorded, as if he were an item ina 
ledger account. Open before us is a memorandum- 
book, of the size familiar to housekeepers. It is 
covered with parchment, and the cover, as well as 
every page, is ruled and printed in blank form; and 
taking these forms together, they would appear to in- 
clude almost every possible circumstance which can at- 
tend or befall a human being serving in anarmy. ‘This 
little book belonged to Jean Louis Desmolle, and it was 
picked up on the field of Magenta, shortly after the 
great battle in which, we fear, its owner lost his life. 
On the cover are printed, “72* Régiment d’In- 
fanterie de Ligne,” and headings for the name of 
the man, his matriculating number (5530), &c. The 
first inner page repeats these, and it is entered in ink, 
over the seal and signature of the major of the regi- 
ment, that the poor fellow was mustered in at St. 
Etienne, on the 4th of April, 1855. There are also 
further blanks for the numbers of the battalions and 
companies in which he had served, all duly filled up 
in ink down to the fatal year 1859. On the next 
page isthe form, “Serment a préter sous les drapeaux 
a entrée au service ;’ but no oath appears to have 
been taken. ‘Then follow extracts from the ordonnance, 
by which each soldier is to receive his /ivret on entering 
the service, the same to remain his own property, and in 
which all his arms, effects, &c., are to be charged to 
him in his presence, and his pay and stoppages entered 
every three months, &c. 

On the next page we have the ¢fat civil of the man, 
filled in in ink, according to printed headings. Before 
entering the army, he lived last at Vigny, Canton de 
Pavay, Département de Sadne et Loire. He was by 
“profession” a “cultivateur.” He was born the 29th 
November, 1834, at such and such a place, canton, and 
département, and he was the son of Francois and Jeanne 
Michaud, living at Vigny aforesaid, although he chose 
another name on entering the army. Then we have 
his signalement. He was 5 ft. 32in. high, had a full 
face, round forehead, grey eyes, long nose, large mouth, 
round chin, and brown hair and eyebrows. He had 
no particular marks upon his person, and he was un- 
married. 

On the succeeding pages more forms, printed in 
blank, some of them partly filled in. On the 7th page 
we find that on the 13th August, 1855, or about four 
months after he entered as a recruit, he embarked for 
Africa. Onthe 5th of May, 1859, he sailed from Oran, 
reaching Genoa on the 9th of the same month. In 
the blank below, for wounds, he appears to have got 
off, down to the fatal day of Magenta, without a 
scratch ; nor indeed had he ever been in any actions 
d’éclat. na following blank, filled in in ink, we find 
that he would have been free, had he lived, December 
3ist, 1861. The following page, needless for poor 
Desmolle, has forms relative to the occasion and place 
of quitting the service. The whole of the next page is 
devoted to the particulars of his vaccination, which, 
the surgeon’s signature attests, was performed avec 
suceés on his entrance into the corps. 

On page 10, under the head of “ primary instruction,” 
we find that the reeruit could neither read nor write. 
There are no entries under the heading “ regimental 
schools,” nor does it appear that Desmolle was taught 
fencing. The next page gives his practice at shooting 
at distances of from 100 to 300 metres, as well as un- 
known distances. ‘Two more pages record his entrance 
into different courses of instruction in shooting, as also 
into the gymnasium. 

On the next pages are printed the articles of cloth- 
ing, &c., given out to the men, their durée légale— 
as a capote three years, a tunic three years six months, 
&c.; and there are entered in ink the quarters of the 
stecessive years (the /ivref is ruled for eight years) in 
which these articles were distributed to the men. ‘The 
same particulars are entered for the arms and equip- 
ments ; and it appears that a gun should last fifty years, 
a sabre the same, a sabre-sheath five years, &c. Page 
16 gives the durée légale, wamber, &c., of the smallest 
articles served out to the men—braces, shirts, and 
collars, shoes, gaiters and pocket-handkerchiefs, the 
little book itself (which is to last eight years), the 
clothes-brush, shoe-brush, gun-brush, volishing-brush, 
and the drosse a patience. The thr dg needles, scis- 
sors, pins, and thimble are all entered. 

‘Then comes page after page of entries in ink, in 
ruled columns, in which everything delivered to the 








man is charged to him, and his pay credited every 
quarter. . 

Pay !—a penny a day, the first entry to the credit 
of Desmolle being for eighty-eight days, 8f. 80c., or, 
say, 7s. 4d. The account from 1855 to May 1859 is 
a long one, the pay being increased, within the first 
year, to threehalfpence a day, beyond which it never 
rose. The sums on both sides of the account were 
duly entered, and vouched by the signature of the cap- 
tain or the lieutenant. 

At the end of the /ivre¢ are four closely printed 
pages, giving the marks of respect to be paid to 
officers, and also a long list of faults, crimes, &c., with 
the punishment attached to them by the law. Curi- 
ously, drunkenness’ does not appear In this list. The 
punishment of a sentinel sleeping upon his post in 
time of war is not death, as one would expect, but 
from two to five years of labour upon the public 
works. All this and more poor Desmolle, who could 
neither read nor write, was enjoined to have con- 
stantly under his eyes. 

The Zivret of a French soldier is, indeed, a curiosity, 
and it illustrates in a remarkable manner the compre- 
hensiveness and minuteness with which, in Trance, 
everything relating to the public service is sys- 
tematised. ; 


BRIDGE STRAINS. 

One of our recent numbers contained an article 
upon bridge strains, written for our younger readers. 
Its object, as is that of the present, article, was.to give 
reasons rather than Semiale. We do not deny the 
value of correct formule, but we believe that a clear 
insight into principles is of far greater value. We 
have known hice who were daily accustomed to apply 
formule to the calculation of bridge strains, who could 
not, when asked, say, for instance, why a central load 
upon a span caused twice the strain of the same load 
uniformly distributed. The reason, of course, is, that 
each half span being considered as a cantilever, the 
centre of gravity of a central load is twice as far from 
the pier, or fulcrum, as that of a uniformly distributed 
load, and the former, therefore, having twice the 
leverage, produces twice the strain. 

There are, as we happen to know, many young 
engineers who, while willing to accept as a fact the 
increase of strain in inclined struts and tension bars, 
according to their inclination, are unable to explain 
why an inclined rod or bar sustains a greater strain from 
a given load than it would if placed yertically. If 
we suspend two equal weights by a cord passing over 
two cule, the one to one side of the other, but at a 
higher level, we know that the inclined portion of the 
cord, as it goes down from the higher to the lower 
pulley, bears a strain equal only to one of the two 
equal weights. And there are those who fail to see 
the difference between this case and that of an inclined 
tension rod. We think, however, the point may be 
made clear even to those who seldom analyse a 
question very deeply. Let an inclined tie bar be 
connected, at its lower end, with the horizontal flange 
or chord of a bridge in the usual manner, but at its 
upper end let it be connected by a chain or a cord to 
a weight hanging over a pulley. Whatever this 
weight may be, the tie bar will, of course, be strained 
to that extent. Suppose the inclination of the 
tie bar to be 30° from the horizontal, so that its 
length is exactly twice the vertical distance between 
its two ends. If a given weight be applied at 
the junction of the tie bar and bottom flange, it 
will, of course, tend to pull the upper end of the 
tension bar and the outer end of the bottom flange 
towards each other. So far as this tendency is allowed 
to exert itself, the weight will fall. But it will be 
seen, whether from the simplest experiment or from a 
diagram representing the lines of strain, that the dis- 
tance to which the ends of the tension bar and bottom 
flange are pulled inwards is not as great as that through 
which the weight must fall in producing this move- 
ment. Suppose, instead of the bottom flange, two 
tension rods, both at the same inclination of 30° from 
the horizontal, and both hanging at their upper ends 
by chains supporting equal weights over pulleys, as in 
the case of the single tension bar first supposed. Those 
for whom these articles are intended should sketch the 
arrangement on paper as they follow the description. A 
weight of (say) 2 tons at the junction of the tension 
bars would be supported 1 ton by each, but it would 
be found that in settling (say) 4th in., and supposing 
the tension bars and chains to have no elasticity, the 
end weights would be raised only th in.; the case 
thus differing from that first instanced of supporting 
two equal weights over two pulleys, by means of a 
cord of which one portion is inclined. In that 








case, either weight must rise through the same dis- 
tance as that through which the other falls. But 
in the case of the inclined tension bars, the end 
weights rise through a less distance than that through 
which the central weight falls. Where the difference is 
as 2 to 1, as in the case instanced, the central weight 
of 2 tons will support at both ends a weight of 2 
tons, or a total weight of 4 tons, and the strain in 
the tension rods will obviously be equal to the end 
weights, or 2 tons in each rod. If the angle of the 
rods be less with the horizontal, a given central 
weight will cause a greater strain ; and if the rods be 
steeper than. we have ape the same weight will 
cause a less strain. If the angle of the rods be 45°, it 
can be shown by a diagram, or by calculation, that the 
distance through which the central weight would 
settle, in causing a very slight rise of the end weights, 
would be 1.4 times such rise. We say a very slight 
rise, and, indeed, we must consider only an infinitely 
small rise, as one of any magnitude would at once 
alter the angle o@the tension bars, thus requiring a 
different (in this case a less) co-efficient of strain. 
Whatever their angle, it will be found that the strain 
upon the tension bars will always be as much greater 
than the weight causing it as the length of the bar 
exceeds the vertical distance between its ends. All 
this is shown by the simple parallelogram of forces, 
which alone enables every strain in trussed construc- 
tions to be examined and measured. In the case of an 
inclined tension bar, connected at its foot to a hori- 
zontal bottom flange, both being supposed to be non- 
elastic, the flange really supports none of the weight 
vertically, although. it is strained in preventing the 
weight from falling laterally, pendulum fashion, 
through an are of which the inclined tension bar is 
the radius. This horizontal strain is less as the ten- 
sion bar is more steeply inclined, and greater as the in- 
clination of the tension bar approaches the horizontal. 
While the tension bar is inclined, it will always have 
a greater strain upon it than that in the horizontal 
flange. The strain in the latter will be to that in 
the former in the proportion which the horizontal 
distance through which the load would move in order 
to hang from the tension bar, if placed in a vertical 
position, bears to the length of the tension bar. This 
is only a verbal expression for what can be readily 
measured from the parallelogram of forces ; but no engi- 
neering pupil (and it is for pupils only that we are now 
writing) can familiarise himself too much with the prin- 
ciples of this expression. 

Any two members in tension being turned bodily 
bottom upwards, and having the same load applied to 
them, will, if they have stiffmers of their own, be in 
compression ; and the laws for compression are virtually 
the same as those in tension, the pressure acting always 
in an opposite direction ; in other words, the forces push 
one way, where, in tension, they would pull the other 
way. 

We believe nothing could be more elementary than 
what we have given in the present article. It is no 
more than every engineer must know by heart; but it 
is a small part of what those desirous of becoming 
engineers should always be willing to learn. 








Prorosep New Prers.—The Board of Trade have approved 
several applications for provisional orders (to be confirmed by 
Parliament in this session) for the construction of piers. 
Among them is the Alexandra-pier at Hastings, to be erected 
opposite Warrior-square, and extend 1200 ft. seawards ; a pier 
at Llandudno, commencing at the Church-walks and terminat- 
ing at high-water mark, from which point there is to be a solid 
embankment of 450 ft., and thence a pier extending seawards in 
an easterly direction 1670 ft. ; a pier at Scarborough, commenc- 
ing on the north shore opposite the north end of Blenheim- 
terrace, and extending seawards 1000 ft.; at Redcar a pier 
extending seawards 1200 ft.; at Dawlish a pier near the railway 
station, extending 800 ft. seawards; at Penzance a pier opposite 
the Queen’s Hotel, extending seawards 1000 ft. The Board of 
Trade have also approved schemes for piers at South Blackpool, 
at West Cowes (to low water), at Hornsea, Yorkshire, extend- 
ing seawards 1200 ft., at Plymouth (Hoe), and at three or four 
other less-known places. 

Locomotive Sanp Prers.—On the North London Railway, 
which is one of the very few lines in the kingdom on which the 
American sand-boxes, worked from the footplate, are employed, 
Mr. Adams once tried a small jet of steam within each sand 
pipe, so as to discharge outwards near its mouth. ‘I'he sand was 
thus first drawn and then forced out with a velocity which 
ensured its going directly upon the rail under the wheel, the pipe 
being directed to the point of contact of the wheel and rail. 
Mr. George Salt, of Saltaire, is trying some experiments upon 
the discharge of a jet of steam alone upon the rail. This, it is 
believed, will remove all “ greasiness,” giving a clean rail in all 
weathers, and it is free from the objections to sand, viz., in- 
creased wear of tyres and the chance of its being blown into the 
motion-work. We have just been informed that the same thing 
was once tried on the Caledonian Railway in winter. But the 
steam, although it cleared the rails, left a stratum of water, 
which afterwards froze, and caused much difficulty to following 








trains. Sand alone appears to be the best for adhesion. 
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TRIAL OF RUTHVEN’S PROPELLER. 


On Saturday last, a trial trip was made on the Thames 
by the Nautilus, a new steamboat fitted with Mr. 
Ruthven’s hydraulic propeller. It is now more than 
two hundred years since, in 1661, Toogood and Hayes 
obtained a patent for propelling vessels by forcing 
water through the bottom, and since their time many 
yatents have been taken out by Rumsey, Linaker, 
Hall, and others, for similar modes of propulsion. 
Several of these patentees proposed the use of revolv- 
ing fans for giving motion to the water, and in some of 
the plans the discharging nozzies were made capable of 
having their direction altered so that the vessel might 
be reversed without reversing the engines. The prin- 
ciple of hydraulic or jet propulsion, however, does not 
appear to have been carried out practically until this 
was done by Mr. M. W. Ruthven, who, with his father, 
the late Mr. John Ruthven, commenced’ his experi- 
ments more than twenty-seven years ago. In 1839, a 
patent was obtained by them, and under this two small 
vessels were built, the first, which was only 9 ft. long, 
being shown on the Union Canal at Edinburgh, whilst 
the second, which was made in 1844, was 40 ft. long, 
and was tried on the Forth. A very favourable report 
on the performance.of this last-mentioned vessel was 
made to the Admiralty by Mr. Murray, now the Chief 
Engineer of the Portsmouth Dockyard. In 1849, 
another patent was taken out for improvements in the 
apparatus, and this patent, which is the one under 
which the propeller is now made, was renewed for ten 
years in 1863. After the patent of 1849 had been 
obtained, renewed efforts were made to introduce the 
invention, anda vessel 30 ft. long was built, and fitted 
with the propeller, and placed upon the Thames, a 
smaller boat 12 ft: long being also shown at the Exhi- 
bition of 1851. One of the first vessels for commercial 
purposes which was fitted with Mr. Ruthven’s propeller 
was the Albert, a vessel built in Prussia, i 1853, by a 
Mr. Sydel, partly at the expense of the Prussian Go- 
vernment, the engines and machinery being supplied by 
the patentee. The Albert has been regularly running on 
the Oder since her construction, with complete success. 
Other vessels have been built with Ruthven’s propeller ; 
among them the fishing steamer Enterprise, and the 
large floating steam fire engine, on the Thames. 

‘The Nautilus, the vessel which made the trial trip 
on Saturday, is an iron boat which has been recently 
built by Mr. Ruthven, at Blackwall, at the expense of 
some private gentlemen. She is 115 ft. in length, 15 ft. 
in breadth, and 7 ft. 2 in. deep, her gross tonnage being 
87 tons and her engine-room tonnage nearly 22 tons, 
leaving her nett tonnage rather more than 65 tons. 
Her lines have been made rather full, in order to 
reduce her draught, which is not more than 2 ft. Her 
engines, which, with the propelling machinery, were 
constructed, under the direction of Mr. Ruthven, by 
Mr. W. Smith, of Wells-street, are of 20 horse power 
nominal, and consist of two horizontal cylinders, each 
17 in. in diameter and 24 in. stroke, arranged with 
their centre lines at right angles to each other. The 
connecting rods are coupled to a crank formed on the 
vertical shalt of a horizontal turbine wheel 7 ft. in 
diameter, placed in a easing on the floor of the engine 
room. The condensers and air-pumps are placed be- 
low the cylinders, the air-pumps, which have a stroke 
of 12in., being driven by levers connected with the 
crossheads by short links. The slide valves of both 
cylinders are driven by one eccentric, and another ec- 
centric drives the expansion valves, which are placed 
at the back of the slide valves, the steam being cut off 
at one-third of the stroke. ‘'he water is led to the 
centre of the turbine wheel from openings formed 
in the bottom of the vessel near the fore part, ‘and is 
driven, by the centrifugal action of the wheel, through 
pipes leading to nozzles placed on the side of the 
vessel just above the water-line. .There are four of 
these nozzles, one of the pair on each side pointing aft 
and the other forward; they discharge the water in 
jets parallel to the keel of the vessel, the orifices being 
97 in. by 8} in., thus having a sectional area about 
equal to a circle 10 in. in diameter.. Each of the two 
pipes leading from the turbine-wheel casing to the noz- 
zles branches just inside the side of the vessel, one 
branch leading to the nozzle pointing aft and the other 
to that directed forward. At each of the points where 
this branching takes place a rotary valve, formed very 
much like the plug of an ordinary cock, is inserted, 
and these valves are connected by chain gearing with 
handles placed on deck within convenient reach of the 
captain or other person in charge of the vessel. By 
turning these valves the water can be turned into 
reese at pleasure, and the vessel can thus be 

arted, stopped, or moved astern without stopping or 








reversing the engine. The vessel can also be turned 
upon her own centre by directing a jet of water for- 
ward on one side and aft on the other; or when the 
jets on each side are playing in the same direction, the 
vessel may be steered without the aid of a rudder b 
regulating the quantity of water discharged from phe 
jet. As we have already stated, Mr. Ruthven places 
his jets so that they discharge the water above the water- 
line, and in this particular his plan differs from most 
of those previously proposed. ‘Ihere can be no doubt 
but that above the water-line is the proper place for 
such jets, as the vessel is driven forward merely by the 
reaction or recoil produced by the issuing water, and 
therefore the more freely the water is allowed to pass 
away after it has been discliarged from the jets the 
better. The boilers of the Nautilus are of the ordinary 
tubular class fitted to most of the river steamers ; they 
were made by Messrs. Camroux and Co., of Dept- 
ford. 

On Saturday the Nautilus left London Bridge at 
10.45 a.m., with a number of gentlemen on board, and 
steamed down to Blackwall, where she arrived at 
11.20, the steering powers of her propeller having 
been very satisfactorily shown during the trip through 
the Pool. After taking in some more passengers, she 
left Blackwall at 11.26, and proceeded to the measured 
mile at Long Reach, where she arrived at 12.42 p.m. 
During this portion of the trip she was accompanied 
by the Volunteer, one of the Ge Boat Co.’s vessels, 
which, although a very good specimen of the ordinary 
river steamers, was beaten a the Nautilus. The 
length, breadth, and depth of the Volunteer are rather 
less than the corresponding dimensions of the Nau- 
tilus, her gross tonnage being 75 tons and her net 
tonnage about 58 tons: her draught is about 2 ft. 6 in. 
She is fitted with a pair of oscillating paddle engines, 
of 24 horse power nominal, the cylinders being 22 in. in 
diameter, with a 22in. stroke. During the trip on 
Saturday they worked at about forty-one revolutions 
per minute; the steam, which was cut off at about 
two-thirds of the stroke, having a pressure of 21 lb. 
in the boiler, and the vacuum being about 254in. No 
indicator diagrams were taken; but making a slight 
allowance for the loss of pressure between the boiler 
and cylinders, the actual power exerted may be 
roughly calculated at 100 horse power. In the case 
of the Nautilus the engines worked at from seventy- 
five to eighty-one revolutions—seventy-seven be- 
ing about the average; the pressure of steam in the 
boiler also varied from 301b. to 34 1b., whilst the 
vacuum was only from 8 lb. to 101b. per square inch, 
the air pone and condensers being rather too small. 
As we have already mentioned, the steam was cut off 
at one-third of the stroke. No indicator diagrams 
were taken from these engines either; but assuming 
the average effective pressure to be 301b. per square 
inch throughout the stroke, and the average number of 
revolutions to be seventy-seven, the actual power 
developed would be about 127 horse power. The 
Nautilus thus appeared to have had slightly greater 
engine power than the Volunteer; but the latter pos- 
sessed advantages of build, which would, biobabiy, 
far more than compensate for this. Of course the 
respective powers of the two vessels above given are 
purely assumed, as in the absence of indicator dia- 
grams it was impossible to obtain any reliable data ; 
the calculations and the results must therefore be 
taken for whatever they are thought to be worth. 

The Nautilus, on her arrival at the measured mile, 
made four trips over it ; the first, against tide, was made 
at the rate of 7.031 knots per hour, and the second, with 
the tide, at the rate of 9.677 knots, giving a mean speed 
of 8.354 knots. The third and fourth runs were made at 
speeds of 6.559 and 10.0 knots respectively, giving a 
mean of 8.279 knots, the mean of means being 8.316 
knots. — these trips the steam pressure was 
from 31 to 331b., the engines making from 74 to 80 
revolutions per minute, generally nearer the former 
than the latter speed. Altogether, the speed of the 
vessel through the water was not so great when on the 
measured mile as it had been down the river. After 
the completion of the four runs over the measured mile, 
the power given by the propeller of turning the vessel 
on her centre was shown, the jet of -water-on one side 
being directed aft, arid that on the other side forward. 
The vessel made one-fourth of a turn in about 13 
minutes. Although, as we have already stated, it is 
impossible, in the absence of precise data, to obtain 
reliable results, yet we may, by a few probable assump- 
tions, be enabled: to work out a constant which will 
serve to compare the performance of the Nautilus with 
that of other vessels. Assuming, therefore, the im- 
mersed midship section to have been 27 square feet, 
and assuming the actual power exerted by the engines 








when running the measured miles to have been 120 
horse power, we shall, by applying = quantities to 

sas speed *X mid.-sec. 
the Admiralty formula Ind. HP. 
constant 129. This is certainly a low constant when 
compared with those given by large and deep draught 
vessels, but it must be ag y er that the Nantilus 
has a very-’s aught, and that.in such cases the 
culistealt rk alee aba Altogether the 
results obtained may ibe:deemed -véry successful. We 
may mention, iw Gotielusion, that her Majesty’s gun- 
boat the Waterwitch, 778 tons and 167 horse power, 
now building at the Thames Ironworks, is to be fitted 
with Mr. Ruthyen’s prapeet s she is expected to 
be ready next month. The engines and machinery 
are being made by Messrs. Dudgeon, of Millwall, 
from the designs and under the inspection of Mr. 
Ruthven. 
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DAVIES’S STEAM STRIKER. 


AttrHovelr the steam hammer is now so extensively em- 
ployed in all large engineering establishments, there are yet a 
very large number of forgings to the production of which that 
tool, in its ordinary form, ean scarcely be applied with advantage. 
Amongst these are to be included almost all. those forgings 
which require the application of blows at various inclinations 
with the anvil. The steam striker which forms the subject 
of our illustrations, and which is the invention of Mr. David 
Davies, of the Viaduct Works, Crumlin, is designed expressly 
for the performance of this class of work. In the form shown 
in our engravings, it consists of, a horizontal cylinder capable of 
revolving in bearings, carried by the head of the annular ram of 
a vertical hydraulic cylinder; the horizontal cylinder containing 
the gear for working the hammer, as will be described presently. 
The hammer head is fixed to one end of a bar or lever oscillating 
on a centre carried by a sliding bar which passes diametrically 
across one end of the horizontal.cylinder already mentioned, the 
sliding bar being furnished with a screw and nut at each end 
(as shown in Figs. 1 and 2), by means of which the centre upon 
which the hammer lever works can be set. at various distances 
from the centre line of the horizontal cylinder. ‘The inner end 
of the hammer lever is connected by a link with the piston of a 
steam cylinder placed with its centre line at right angles to that 
of the horizontal cylinder, as shown in Fig. 1, the piston being 
formed with a trunk, down which the connecting link passes. 
From the ends of the steam cylinder, passages lead to a horizontal 
steam chest, containing an equilibrium piston valve, as shown 
in Fig. 1, where the valve is represented in the position it 
would occupy when admitting steam to the lower end of 
the cylinder. The spindle of the valve is connected with 
the link or cam-plate, this link being furnished with a slot, 
of the shape shown in Fig. 1, in which a pin on the hammer 
lever works, When the hammer head falls, the pin on the inner 
end of the hammer lever strikes against the upper inclined part 
of the slot in the link, and draws the link, and with it the valve, 
towards the anvil, thus admitting steam, to the top of the steam 
cylinder—this of course forcing down the piston, and raising the 
hammer head: at the same. time the steam is released from 
the lower end of the cylinder, When the hammer head is near 
the top of its stroke, the yee action takes , the pin on 
the hammer lever striking the incline at the bottom of the link, 
and forcing it and the valve from the anvil, thus placing it in 
the position shown in Fig. 1, when, as has been plevedy stated, 
it will admit steam to the bottom and release it from the top of 
the cylinder. In order to vary the points at which the steam is 
admitted to the top and bottom of the cylinder, and thus alter 
the stroke of the hammer, the valve link is furnished with loose 
sliding pieces at the top and bottom, as shown in Fig. 5. These 
sliding pieces are held in their oer by screwed spindles, which 
pass vertically through the link, and are furnished with worm 
pinions at their lower ends. Into these pinions two worms gear, 
one of the worms being fixed upon a shaft carried, at one end, 
by a bearing formed on the link, and at the other by a support 
formed on the main horizontal eylinder. The other worm is 
fixed upon a tubular shaft surrounding that just mentioned, and 
both the shafts are furnished with handles by which they and 
the worms'can be turned. ‘The arrangement will be understood 
by reference to Figs. 1 and 5, ‘he sliding pieces form the in- 
clines upon which the pin of the hammer lever acts in order to shift 
the link, and by raising or lowering these sliding pieces the 
points of the stroke of the piston at which the steam is 
admitted to either end of the cylinder can be varied, and 
the stroke of tiie hammer and the force of the blow consequently 
altered. 

The angle at which the hammer delivers its blows can be 
varied, as we have already meptioned, by turning the horizontal 
cylinder in its bearings; and there are several ways in which this 
rotation can be effected. According tothe plan shown in our en- 
gravings, the cylinder has a groove fi in it at one end to 
receive a light chain. By seewring one endiof this chain and 
raising the hydraulic ram by admitting water beneath it, the 
horizontal cylinder can be turned to any desired extent. Levers 
may, however, be employed for turning the cylinder, if preferred. 
The ram upon which the striker is supported is made tubular, 
so that the steam pipe can pass up the centre, and the hydraulic 
cylinder is placed in a central position between four or more 
anvils, so that the whole machine can be turned round horizon- 
tally and the hammer brought to bear upon either of them. 
The vertical steam pipe is made telescopic, with a stuffing box 
as shown in Fig. 1, so that it can lengthen as the hydraulic ram 
rises. The steam is supplied from an annular pipe having a 
branch leading from it near each anvil, as shown in Figs. 1 and 
3. Each branch is fitted with a valve arranged so that it 
can be opened by the pressure of the smith’s foot, as shown in 
Fig. 1; these valves are made so as to admit a sufficient supply 
of steam to the upper end of the cylinder to keep the hammer 
raised off the anvil when it is not at work. 
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From the foregoing description, it will be seen that the hammer 
ean be readily adapted to various descriptions of work. Thus, 
for hammering a forging having the top. rounded to a radius of, 
say, 4in., it is merely necessary to raise the machine by the 
hydraulic ram until the centre of the horizontal cylinder is in a 
line with the centre from which the curve of the top of the forg- 
ing is to be described, and then by means of the sliding bar adjust 
the centre upon which the hammer lever oscillates to a distance 
of din. from the centre of the horizontal cylinder. This being 
done, the hammer will, as the horizontal cylinder is rotated, de- 
liver blows fairly upon the rounded top of the forging. ' The tool 
is also particularly applicable for bending angle irons and similar 
work; and 296 of the angle irons of the Borougli-road Bridge 
were bent by one of these hammers, which is now at work at 
the Viaduct Works, Crumlin. The L irons in question were 
3 in. by 3in, by } in., and were 5 ft. Zin. long when bent, the | 
portion bent over at each end being 7 in. long. The forging of | 
them was done by the striker which we have described at a 
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cost of 7d. each, the price for making them by hand being 1s. 8d- 
The cost of one of these steam strikers, with a 28 1b. hammer, 
is about 1502, and it replaces four hammermen. The oa 
may be worked by compressed air or water power instead 0 
steam, if preferred. 


Tur East Inptan Rarway.—The East Indian line nies 
blocked with traffic since October, and thousands of bales pr 
cotton are waiting to be sent to Calcutta. Large numbers ° 
locomotives are being made by Messrs. R. Morrison and ~S 
Newcastle, and by Messrs. James Cross and Co., of ot 
Helen’s. : 

Hypravuic Tuse Drawtxe.—The works of the Hydraulie 
Tube Drawing and Steel Ordgaace Company are finding —_. 
sive employment. This week, in addition to other work, ‘2 ee 
tube 7 hen 6 in. in diameter, and jin. thick re" 
out, in the cold state, toa length of 8 ft., and is to be 
extended to 10 ft., leaving a thickness of } in. 
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PUBLISHER’S ANNOUNCEMENT. 
Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.m.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s, 6d. extra, subscriptions being payable in advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 


ENGINEERING is registered for transmission abroad. 


In our last number we stated that the engines on the Metro- 
politan Railway were ‘designed and constructed by Messrs. 
Beyer, Peacock, and Co.” We should have stated, however, 
that the engines were made by the above-mentioned firm in 
accordance with the designs of Mr. John Fowler, C.E., the 
engineer to the Metropolitan Railway. 


Exrata.—In Mr. Spencer's letter, in our last Number, the 
words, ‘* The larger number, however, are horizontal engines,” 
were transposed from their proper place at the end of the sixth 
paragraph, toan unnatural position in tne first paragraph, of 
which they apparently made nonsense. In our notice of the late 
Mr. Williams, and ut the top of the third column, page 223, the 
steam vessel should be supposed exhausted of air. By a typo- 
graphical error on page 215, a mortgage of 18,0001., instead of 


16,000/., was spoken of in the notice of the proposal for a new | | 


house for the Institution of Civil Engineers. In a paragraph 
headed “ Steep Gradients,” the stroke of the engine, 22 in., was 
printed 23 in. 





THE or CiviL ENGINg&ERS.—Tuesday, April 17th, at 
8 P.M. on ** The Maint e and R lof Permanent 
Way.” 2. “ On the Performance, Wear, and Cost of Maintenance of 
Rolling Stock."* 

Society or EnGtneers.—Monday, April 16th, at 7 p.m , Discussion 
on Mr. Baldwin Latham’s paper on the * Utilisation of Sewage.” 
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THE NEW HOME OF THE INSTITUTION. 


Tae support which so many of the leading members 
of the profession have already given to the proposal 
for a new and fitting home for the Institution of Civil 
Engineers cannot fail to be met by the spirited co- 
operation of the whole body of members and associates. 
In addition to the donations which we announced in 
our last number, Mr. Whitworth has promised 20002. ; 
and although but few can exercise such munificence, 
the example, as that also of the gentlemen who had 
already raised the sum promised to upwards of 16,0002, 
amounts almost to an obligation on the part of others 
to help the work forward, each according to his means. 
It is but a few months—we may say, but a few weeks 
—since there were many to deny that anything better 
than the present cramped and ill-lighted quarters at 
25 Great George-street was required. The present 
house, suited to the wants of a body of 500 members, 
for whose accommodation it was built, was, as many con- 
tended, still large enough and good enough for between 
two and three times that numver. But, even upon the 
score of necessary accommodation and convenience, to 
say nothing of what is becoming to a great and growing 
profession, as remarkable perhaps for its public in- 
fluence, its wealth, and liberality, as for the wonderful 
changes which its labours have wrought in the condi- 
tion of mankind, there cannot now be many, we think, 
who are still unwilling to admit the necessity for at 
least more spacious premises. It will take two or 
three years to build a suitable house; and even. within 
that time the register of the Institution is likely to 
number between 1500 and 1600 names, possibly 
nearly 2000. We have the future as well as the pre- 
sent to provide’ for, and never were the numbers of 
engineers, as well as the work to be done by engineers, 
Increasing so rapidly as now. ‘Those who are 
capable of taking higher and broader views of 
material progress cannot fail to see that the works 
of engineers are in themselves procreative. Railways 
beget railways, and with them harbours and piers, 
docks, roads, bridges, works of irrigation and of 
drainage, water works, gasworks, sewage works, mills, 
furnaces and forges, and manufactories of ever 
description, warehouses and dwellings, together with 
steath vessels and telegraphs, navies and fortresses, 
and, in short, all the works of human industry and 
skill—all our erate for peace and for war, every- 


thing that makes up the vast sum of material pro- 
duction. To what pitch of eminence our profession, 


principles of science, may not attain within even the 
next generation we will not venture to predict. It is 
scarcely a generation since but few men were heard 
of as —- and when nearly all those engaged in 
the mechanical branches of the profession were known 
as millwrights. But we do not lack appreciation now, 
and each member of a recognised body of engineers 
can but feel that he is discharging a duty to his 
profession—repaying, in fact, but a small portion of 
what engineers, by association, have gained from 
public recognition—when he contributes toa work like 
that now proposed in Great George-street. Almost 
every member of the Institution, of whatever rank, 
must derive some measure of direct advantage from a 
commodious place of resort for discussion and pro- 
fessional intercourse, nor will it fail to give our 
profession additional importance in public estimation. 








THE POLICY OF PATENTS. 

Sir Rounpett Pater, the Attorney-General, in 
answer to Mr. Bovill’s speech, the other evening, on 
the condition of the Patent Office, declared himself 
perfectly certain that the time was not far off when the 
whole subject of the policy of granting patents for in- 
ventions would. be see All by Parliament. The 
Attorney-General took care to reserve his own opinion; 
but he was particular in showing that, since 1852, there 
had been a considerable progress of opinion against 
yatents, and in speaking of the fees charged upon the 
issue of patents, be described the latter as monopolies, 
than which “more legitimate subjects for taxation 
“could hardly be conceived.” Although Sir Roundell 
did not profess to anticipate, in any way, the decision 
of Parliament, he said quite enough to show what he 
thought that decision was likely to be, or ought to be. 
His speech convinced the House of Commons, at any 
rate, that the stifling alley in which. the Patent Office 
library is now packed, on premises just out of Chancery- 
lane, should remain as it is; and inventors, patentees, 
and others, who have occasion to resort to the establish- 
ment in Southampton-buildings, are to understand that 
nothing further is to be done for them at present, and 
that there is a probability that patents may yet be done 
away with altogether. It will not be this year, for the 
Chancellor of the Exchequer stated, in the debate to 
which we have referred, that there would be no time to 
consider the subject this session. An upper loft is 
being raised above the present library, and some money 
has been voted to complete it; but inventors are to re- 
member that the patent system continues only upon 
sufferance, and that in a year or two their claims for 
the protection of their mental property may be dis- 
missed once for all. 

Confident as many interested in patents have pro- 
fessed themselves to be as to the continuance of the 
present patent system, we are, as certain as is the 
Attorney General that the whole subject will yet come 
before Parliament, and that it will moreover engage an 
amount of attention hardly paralleled since the days of 
the Free Trade agitation. The whole philosophy of 
invention, and the circumstances under which im- 
rovements are developed, will come prominently 
before those who at present hardly know what inven- 
tion really is, nor what, if anything, is required to 
encourage it. There are those, on the one hand, who 
are always lost in wonder at inventions, who cannot 
understand how the human mind can conceive them ; 
and there are others, on the contrary, who will listen 
while an invention is being explained to them, and 
then ask why so simple a thing was not thought of 
before. Upon one point we believe that a very large 
proportion of mankind think alike, and this is, that an 
invention once made, every one desires its success, and 
that there is little or no difficulty in introducing it. 
The same class of ‘minds commonly. regard inventions 
as complete from their first conception ; at least, there 
are many who cannot comprehend how, after the 
leading idea has once been hit upon, there can be any 
great difficulty of detail in the way of carrying it 
out, 

And those who may legislate upon the fate of inven- 
tions (for the fate of patents will be the fate of inven- 
tions) are necessarily greatly in the dark as to the 
task before them. But they can at least understand 
what the steam-engine, the railway locomotive, the 
electric telegraph, the spinning mule, the power loom, 
the hot blast, and many other inventions have done 
for England, and what still others, such as the Besse- 
mer process and the steam plough, are doing now. 
The opponents of patents are reasonably bound to show 
that these inventions would have acquired their present 
value had there been no patent laws. Those who best 
understand the real grounds for advocating patents 





guided as are our 


bours by the highest and truest 


merely for the sake of invention are but seldom of any 
practical value. We could, if we wished to do so, 
name a score of restless ingenious men within our own 
acquaintance who are always scheming, always ready 
to strike out a new mode of doing anything, whether 
to boil an egg, to launch the Northumberland, or to 
fly in the air, and yet but little if anything good comes 
from their schemes. They are always,in the mecha- 
nical journals with suggestions, or in the Patent Office 
with their specifications. Not but that they do some- 
times not only hit upon, but work out useful and even 
great discoveries. For occasionally there is one who 
sees far ahead—one who has true perseverance, and 
who, although he may have been scheming with more 
or less success all his life, at last stakes all he has and 
is upon one idea in which he sees real promise. This 
was the case with Mr. Bessemer, who was already 
an inveterate inventor long before his great discovery 
was heard of. But whatever the inventor may be, his 
struggles commence when he begins to push on to 
practical results. His first experiments, on a working 
scale, may cost hundreds or thousands or tens of 
thousands of pounds, and when he has spent his own 
or others’ money, he may have learned only why he 
failed, and how he may begin again with a better 
chance of success. ‘The idea of the steam engine was 
as nothing until it was worked out in practice. So of 
every machine of real importance, and so of all the 
leading inventions of the present day. It cost hundreds 
of thousands of pounds to prove that railways were 
practicable, and that towns could be lighted by gas ; 
and it cost thousands, certainly, to prove the practi- 
eability of the spinning mule, the hot blast, the electric 
telegraph, the screw. propeller, the steam plough, the 
Bessemer process, the artificial stone process, &c. 
Patents or no. patents, we may safely accept the con- 
clusion that without these costly and sometimes ruin- 
ous experiments, continued perhaps after repeated 
failures, neither these nor other great inventions would 
have been brought into successful and profitable use. 
The inventor may fail after all, and it has been urged 
against patents that they have led many a sanguine 
inventor on to his own destruction. But even here 
mankind benefits, and it is to the interest of all that 
every idea of promise should be worked out to its re- 
sults, regardless of cost. The whole cost of testing 
unsuccessful inventions, even if it amounted to millions 
within the last fifty years, is as nothing to the wealth 
which other and successful inventions have created. So 
that the expenditure is guided ‘by sufficient reason, so 
that no actual demonstration of the unsoundness of a 
novel scheme can be given, aud so long. as, supposing 
it to be successful; it would clearly result. in advantage 
to mankind, the interésts of society require that it 
should be tested. by experiment, often, indeed, where 
the expense of’ doing’so must of necessity be very 
great. 

It is here that we see the necessary connexion be- 
tween inventions and patents—a connexion hardly less 
necessary, in the interests of mankind, than that 
between the original enclosure of land and title-deeds 
for its possession. Who will meet the cost of working 
inventions into a useful form, with little or no hope of 
reward? It is idle to say that the person making the 
improvement, which, once established, every one will 
be free to and ready to appropriate, may recoup him- 
self by the sale of goods made by, or embodying, the 
improved process. Mr. Bessemer has steel works at 
Sheffield, but we think we may safely say that all the 
direct profit he ever derived from them has not repaid 
the cost of working out his several patents in a prac- 
ticable form. The late Mr. Fowler, had his steam 
ploughs been dedicated to the public as soon as he had 
perfected them, would have stood no chance, as a 
manufacturer, against the large firms of agricultural 
engineers. It was so with Watt, with Roberts, with 
Wheatstone, and, in short, with every really successful 
inventor. . Probably every one of these inventors knew 
their real position, and few, if any, of them would have 
gone on spending without stint their own or others’ 
money, had they not had, at least, the prospect of a 
limited monopoly of their success when it was esta- 
blished. Indeed, so ready are others to appropriate 
the work of inventors, that it requires all the machinery 
of even the present patent law to prevent infringements. 
This, too, has been charged against the patent laws ; but 
no one ever thinks of arguing against the laws of pro- 
perty, because litigation is often necessary to obtain, or 
to maintain, the possession of property. Messrs. Tangye 
Brothers and Price, of Birmingham, lately spent 
5000/. in defending Weston’s patent, of which they are 
the assignees. It was to their interest to maintain it 
even at this cost. So with the analine dye patents ; 





will tell them that the inventions of those who invent 


so with Betts’s capsules ; so with Young’s parafline 
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patent ; and we know of at least one invention for the 
defence of which the inventor could and would expend, 
if necessary, 50,000/. yearly, for years together, for its 
maintenance, only thankful that there were laws to 
which he could appeal. 

Those interested in patents have everything to warn 
them that a long and closely contested struggle must 
come, in which the whole policy of patents will be 
denied by many of those highest in authority. There 
has never been a time when it was more desirable, 
therefore, to promote sound and intelligible opinions 
as to the real nature of invention, the manner in which 
inventions are brought into practical use, and the in- 
fluence which patents have in assisting and encourag- 
ing, not abstract invention merely, but the development 
of inventions into commercially successful undertak- 
ings, which is in almost all cases the true test of their 
value, whether regarded only commercially, or socially 
and politically. 

HEAVY PASSENGER ENGINES. 

Tue Metropolitan and St. John’s Wood Railway 
will have unusually heavy gradients. Rising towards 
Hampstead, it will have a long tunnel inclined 1 in 60 
all the way ; and beyond this will be a tumnel and 
cutting 1200 yards long, rising 1 in 27, or at the rate of 
1954 ft. per mile. Up these inclines passenger trains 
must be worked much as they are now worked upon 
the underground line. These passenger trains will not 
probably comprise less than eat of the long eight- 
wheel carriages used on the Metropolitan line, and as 
the weight of these is rather more than 15 tons each, 
and as they seat on an average nearly 5 tons of passen- 
gers cach, this gives us a train of 60 tons. The trains 
upon the Metropolitan Railway average four carriages, 
or 80 tons weight ; and very often five carriages are 
taken, being a load of 100 tons. The Metropolitan 
eight-wheel tank engines weigh 42 tons each, and it is 
found that they are not too heavy for their work. To 
take 60 tons up 1 in 27 is, of course, much harder 
work than to take 100 tons up the ruling Metro- 
politan gradient of 1 in 100. In the latter case 
the resistance of the train, due to gravity only, 
would be 1 ton, while in the former it would be 
more than 2 tons. Supposing the engines to be worked 
under like circumstances, it would require an engine of 
at least 52 tons weight to work the St. John’s Wood 
trains ; and thus their total weight, including engine, 
would be 112 tons, giving a resistance, due to gravity 
only, of 4} tons upon the maximum gradient. With 
occasional trains of five carriages, or 152 tons in all, 
the gravity would be 5% tons nearly, and to this would 
require to be added the ordinary resistances to motion, 
equal to from 1 to 14 tons, or to 7 tons nearly in all. 
For trains of three carriages, the total resistance due 
to gravity would be over 44 tons for a weight of 112 tons, 
und the resistances to motion would be about 1 ton 
more, or 5 tons in all, Heavy and powerful as are the 
present Metropolitan engines—and they are among the 
most powerful for passengers in the kingdom—they 
could only overcome a total resistance of 5 tons by 
maintaining a mean effective pressure of 111 lb. per 
square inch in the cylinders ; for with their 17 in. eylin- 
ders, 2 ft. stroke, and 5 ft. 9 in. driving-wheels, it results 
that each pound of mean effective cylinder pressure 
gives almost exactly 100 lb. tractive force at the rails 
(inclusive, of course, of engine friction). And for a 
total resistance of gravity, friction, and other impedi- 
ments, of 7 tons, as already calculated, the present 
Metropolitan engines would need a mean effective 
cylinder pressure of 156 1b. per square inch. Now the 
present engines are oecel only at 1301b., and this 
pressure runs down, in the tuanels, to 60 1b. or 70 lb. 
And, further, in considering what the resistances would 
be, we are considering only the resistances to uniform 
motion, and not the additional amount of work required 
to get the train into motion at any given speed. Thus, 
to get the train of engine and three carriages, weighing 
112 tons, into a speed of nearly 22 miles an hour, or, 
say, 32 ft. per second, supposing this speed to be attained 
in one minute, the average speed for the first minute 
would be but one-half of 22 miles, cr (say) 11 miles an 
hour, equal to 968 ft. per minute ; and as to put a train 
into motion at the rate of 32 ft. per second requires an 
effort equal to lifting it 16 ft. high, we require an 
accelerating force of 4147 lb. for a distance of 968 ft., 
equal to an additional mean cylinder pressure of 41 Ib. 
for the space of one minute. 

There will be a station halfway up the incline 
of 1 in 27, and the trains will need to get quickly 
away from it in going up to Hampstead; and when we 
say quickly away from it, we mean that the train should 
be in motion at the rate of 22 miles an hour within the 
first 320 yards from the station. 





We see, therefore, that the present Metropolitan 
engines would be well nigh useless upon the incline of 
1 in 27 on the St. John’s Wood line. Working in the 
tunnel, they cannot keep up their steam without in- 
conveniencing, if not suffocating, the passengers ; and 
when it comes to a close pull under unfavourable 
circumstances, not more than 70 lb. boiler pressure 
can be relied upon, the boiler pressure being worked 
down from 130 lb. on starting to 70 lb. on arrival. 
It is true the boilers may be worked to the Great 
Northern and North London limit of 160 Ib., and 
then perhaps the minimum pressure would be from 
80 Ib. to 90 lb. 

Looking at all the circumstances of the case, we do 
not see how engines of less than 55 tons weight, and 
having 21 in. cylinders, 2 ft. stroke, and 44 ft. wheels, 
will entirely serve the purposes of the Metropolitan 
and St. Jobn’s Wood line. For every pound of mean 
effective cylinder pressure, such engines would exert 
196 lb. of tractive force, or very nearly twice that of 
the present Metropolitan engines. These dimensions 
are fixed upon by assuming that the engines would run 
down their steam to 75 lb. or 80 lb. in the tunnels, and 
even with 100 lb. steam they would not be too large to 
get away promptly from a station up an incline of 1 in 
27, with a train of, say, 80 or 100 tons. Coming down 
the same inclines, the pistons would act, of course, as 
powerful brakes, and their size would be almost as 
useful in this respect as in ascending. Such large 
cylinders, although unusual, are not unprecedented. 
Mr. Sinclair, lately the engineer of the Great Eastern 
Railway, once had an engine constructed, for the 
Caledonian Railway, of which he was then the manager, 
with 22in. cylinders and 22in. stroke. Mr. Ross 
Winans, also, for whom his sons have named the “ cigar 
ship,” made three locomotives in the States (and of 
which we have full particulars), with 22in. cylinders 
and 22in. stroke. One of these was a twelve-wheel 
passenger engine, with eight coupled 3 ft. 7 in. wheels 
and a four-wheel bogie, for working the 1]-mile inclines 
of 1 in 453 upon the Baltimore and Ohio Railway. 

For the Metropolitan and St. John’s Wood line, ten- 
wheel engines, with six coupled wheels and a bogie, 
will, we believe, be found best. This would give, say, 
42tons upon the six coupled wheels, or 7 tons per 
wheel, besides 13 tons on the bogie. The adhesion 
weight would be ample for all requirements, and the 
bogie would greatly aid the working of the engine upon 
curves. ‘The cylinders would, of course, be outside ; 
and it would indeed be difficult, if not impossible, to 
get in inside cylinders of such dimensions. With out- 
side cylinders they need not be inclined more than 1 in 
9, as inthe present Metropolitan engines, and they 
could be fastened with almost superfluous strength to 
the framing. 

On the rough and crooked railways of America, the 
ten-wheel engine is in great favour for goods trains, 
even over level or slightly undulating lines; and for 
the long inclines of 1 in 454, on the Baltimore and Ohio 
Railway, it is now exclusively employed for express and 
mail trains. 

With 44-feet wheels, as suggested, the boiler could 
be enlarged beyond the inner width between the wheel 
flanges, and might be 44 ft.in diameter. The firegrate, 
inclined as in Mr. Cudworth’s arrangement in the 
engines of the South Eastern Railway, might be about 
7 ft. long; and the whole wheel base, with 12 ft. 6 in. 
tubes, would be about 20 ft., although, when the Bissell 
truck was taken into consideration, this would not be 
more trying to the line than an ordinary six coupled 
engine of 13 ft. centres. 

The Metropolitan and St. John’s Wood passenger 
engines, if they are properly designed for the work 
which they will be called upon to perform, will be 
among the most remarkable ever constructed, and their 
design and working will be watched with great interest. 





Porter's Governor.—The governor already extensively in- 
troduced into this country by Mr. Charles T. Porter differs from 
ordinary governors in having small balls revolving at a high 
velocity, and in having a weight, around the central spindle, 
acting as a constant resistance to the centrifugal force of the 
balls. This governor has been adopted in the Royal Carriage 
Factory at Woolwich Arsenal, by Mr. Ramsbottom at Crewe, and 
many others, and it is now being fitted to the large engines at 
Saltaire. These are two pairs, of 50 in. cylinder ana 8 ft. stroke. 

fur Ames Guy.—We gave a full description of the mode 
of making this gun in our first number. One, of 6 in. calibre, 
has been lately tested, by the orders of the United States Ord- 
nance Board, at the works of the maker, at Falls Village, 
Connecticut, U.S. Commodore Hunt had fired it, up to the 
20th ult., 130 rounds, with charges of 20 lb. of rifle powder and 
100 lb, shot. Beyond a very slight enlargement, due to the con- 
densation of the iron, the bore remained perfect. The firing was 
to be continued. Commodore Hunt has recommended a steel 
inner tube for the bore of the gun, and Mr. Ames has already 

tented the application of this in his second English patent of 





anuary 6th, 1866, his first patent bearing date Jan. 6th, 1865. 





NEGATIVE SLIP. 


Tue paper read at the late meeting of the Institution 
of Naval Architects bythe Chief Constructor of the Navy, 
“On some recent cases of Apparent Negative Slip in 
Screw Propellers,”.and the discussion by which it 
was followed, have undoubtedly advanced the question 
of negative slip into quite a new and important posi- 
tion irom a scientific point of view. 

In the first place, the paper has placed the existence 
of “apparent negative slip’—which some persons 
were previously disposed to doubt—entirely beyond all 
question, for the future, by the multiplied instances of 
the phenomenon which it adduced. It showed that, 
in addition to the few isolated examples of it with 
which marine engineers have long been familiar, there 
had been at least a dozen cases of it observed and 
recorded in different vessels of the Royal Navy, be- 
tween 1849 and the present time. In the Archer the 
excess of the speed of the ship over the apparent speed 
of the screw was 7ths of a knot on one occasion and 
yoths on another; in the Arrogant and the Cygnet 
the difference was less than jth ; and in the Simoom 
it was but ;4ths—amounts insufficient of themselves to 
merit attention, if the cases stood alone, were it not for 
the consideration which Mr. Lloyd, the Engineer in Chier 
of the Navy, so well stated in the discussion, viz., that 
a very small amount of positive slip is just as difficult 
to account for, and difficult for just the same reason, as 
negative slip, since the propulsion of a ship by a 
screw is in itself wholly unintelligible unless a con- 
siderable amount of actual positive slip is somehow 
produced. In the Flying Fish and Hannibal the 
apparent negative slip amounted to more than } a 
knot, and in the Miranda to more than 3ths. In the 
Plumper, where the screw underwent several altera- 
tions both of diameter and of pitch (the diameters 
varying but a few inches, and occasionally, while the 
pitches varied from an extreme of 12 ft. 4 in. down to 
4 ft. 63 in.), negative slip occurred seven times out of 
nine. Mr. Reed did not—owing to the limited time 
allowed for each paper, no doubt—enter into these 
PE of the Plumper’s case, but our readers will 
be glad to possess them ; and to them we may add the 
following further particulars for all the nine trials 
which were made of her: 











Diameter} Pitch of | No. of Slip in knots 

of Screw.| Screw. |Revolutions-| ~ ap ma] RE 

ft. in. tt. im. 
Ist trial 9 0 7 0 99.15 0.477 positive 
Znd ,, ° 5 7 115 1.085 negative 
3rd ,, fe 112 0.329 —,, 
4th ” | 8°93] 4°63] 136.25 | 1125 ,, 
bth |. 8 8b] 6 08 | 108.75 0.459 =, 
6th ,, P - 111 0591 
om « 8 94 4 8} 131.3 0.56 - 
8th |. . pe 133.32 0.26 
9th | | 8 8%] 6 12 | 109.08 | 0.187 positive 

















Coming to recent cases (in all of which the novel form 
of four-bladed screw described in Mr. Reed’s paper was 
used), we have the Achilles, Lord Clyde, Minotaur, and 
Bellerophon, iron-clad frigates, all giving considerable 
amounts of apparent negative slip; and besides these, 
the wooden sloop Amazon, a vessel of 187 ft. in length, 
36 ft. beam, and 16 ft. draught of water, giving nearly 
a knot and a half of such slip. These instances are so 
numerous, and have occurred in ships of such very 
varied forms and proportions, and so variously in the 
same ship with different forms and pitches of screw, as 
to banish absolutely the supposition that negative slip 
means nothing more, after all, than carelessness of. ob- 
servation. For this reason Mr. Reed’s paper is a 
valuable contribution towards the full discussion of the 
subject. It is valuable also because it gets rid of 
another speculation which has frequently been put for- 
ward as a solution of the negative slip question, viz. 
the bending of the propeller blades. Mr. Reed dis- 
tinctly states that in some of these cases, at least, the 
blades have been made of such strength and substance 
as to put the bending of them out of the question. 
The cause of apparent negative slip must consequently 
be sought elsewhere. : 

In seeking to account for it, the doctrine of the 
“following current” producing the effect is almost 
universally resorted to, and was appealed to in the dis- 
cussion that followed Mr. Reed’s paper by almost 
every speaker who took part in it. The existence of 
a current following the ship was fully admitted, as it 
could not fail to be, by the author of the paper, who 
even sought to increase the importance to be attached 
to it by adverting to a circumstance which has hereto- 
fore been but little considered—the fact that not only 





does the water flow after the ship to fill up the channel 
which she necessarily leaves behind her, but there 1s a 
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second following current dragged after her in conse- 
quence of the “ skin resistance” of the ship’s bottom. 
This part of the subject has been well discussed in Mr. 
Scott Russell’s great work upon naval architecture, 
which the author quoted, and it no doubt has an im- 
portant bearing upon the relation of the following cur- 
rent to the slip of the screw. Indeed, Mr. Reed himself 
admitted that ‘‘if we could suppose the whole of the 
“ water which was set in forward motion by the ship, 
« however and wherever the motion was communicated 
“to it, to be gathered, as suggested by Mr. Russell, 
“ into the following stream, and then suppose the pro- 
« eller to act so as exactly to stop this stream, and 
“reduce the velocity of its every particle to nothing, 
“then the ship would be candied without slip of the 
propeller. Such a propeller would be perfect in its 
“economy.” But Mr. Reed denied that even in this 
case negative slip would be possible, and he argued 
that the presence of the following currents that are ad- 
mitted to exist can account for apparent negative slip 
in any case. 

We fully share the difficulty Mr. Reed experiences 
in accepting this solution of the question, in whichever 
way the subject is viewed. Take the case of the 
Amazon, where the speed of the screw was 103 knots 
(stated roughly), and that of the ship 12 knots; and 
suppose the extreme case of the current following the 
ship at her own speed. What are then the conditions ? 
These: that the water is following the ship and screw 
at 12 knots; that the ship is carrying the screw for- 
wards bodily at 12 knots; and that the screw, by its 
rotary motion, is pressing the water backwards at 
104 knots, and thus reducing its velocity from 12 to 
1} knots. Even im this case, therefore, we have to 
assume that the screw, by taking 104 knots of speed 
out of the water, is propelling the ship at 12 knots! 
Even this extreme case is not a feasible one; butif we 
suppose the following current, instead of moving at the 
full speed of the ship, to average half that speed, or 
6 knots—which is even more than those who refer to 
the following current usually assume to exist—we then 
have the argument implying that the screw, by reducing 
the speed of the following water from 6 knots to 
14 knot, drives the ship at 12 knots! In our opinion, 
the absolute motion of the ship is usually lost sight of 
in the discussion of this subject ; for, if it were not, we 
do not understand the popular notion of the following 
current alone accounting for apparent negative slip. 

The dynamical argument appears to us irrefragable. 
By some means or other the aggregate momentum im- 
pressed upon the water forwards by the ship must 
equal the aggregate backward momentum impressed 
upon it by the serew. As Mr. Reed justly observed, 
in replying to the speeches made upon his paper, it 
would be a deliberate unsettlement of one of the funda- 
mental truths of science to deny that these opposite 
momenta are, and must of necessity be, equal; and 
somehow or other, the momentum impressed upon the 
water at the bows, that of the portion of the stern 
stream which is not affected by the screw, and the 
residual momentum of the remainder of the stern 
stream, must have their equivalents in the sternward 
action of the screw upon the water. In estimating the 
total amount of the sternward momentum there is, 
however, one item of the account to which Mr. Reed 
makes no allusion, but which must obviously deserve 
consideration. We refer to what may be termed the 
“following current of the screw,” or that backward 
current which must necessarily be induced by the 
screw beyond the scope of its own immediate action. 
That such a current exists cannot be doubted, and 
those who are accustomed to study the phenomena of 
fluid currents will be aware that this will form no in- 
significant item in the total momentum impressed upon 
the water in a backward direction. 

Whether the explanation of the phenomenon is to be 
completely and satisfactorily found, as Mr. Reed sug- 
gests, in the elasticity of the water, must be a subject 
of further investigation. It is not a little remarkable, 
however, that there are corroborative facts arising in 
other departments of scientific research which are well 
worthy of observation. The most important of these 
18, that Professor Tyndall has lately put forward the 
doctrine that water is a much more elastic substance 
than it has commonly been considered, and in December 
last he publicly adduced this fact as a method of ac- 
counting for the great power which water has of con- 
ducting sound as compared with air. This he attri- 
buted entirely, we believe, to its superior elasticity— 
the very quality to which Mr. Reed attributes the ap- 
parent negative slip of screws in water. This coinci- 


dence must certainly be considered remarkable. 
P The subject must, however, as we have said, receive 
urther investigation, and the direction in which that 





must proceed is obvious. It must be ascertained 
how far the elasticity of the fluid will account for 
the various instances of such slip as are known to 
have occurred with screw propellers, and how far it 
agrees with the results obtained with paddle-wheels, 
water jets, and other marine propellers; and we hope 
that, as Mr. Reed has abundant information and means 
of inquiry at his disposal, he will himself undertake to 
pursue the subject to a satisfactory and convincing 
issue. 








TRACTION ENGINES. 

Very little information has transpired as to the 
dynamic efficiency of traction engines. In cases where 
they have taken very heavy loads, the resistances, ex- 
cept, perhaps, that of gravity, could only be roughly 
guessed at, and the speed was so variable that hardly 
any ae could be made to the real, or what we 
may call the sustained, horse-power. 

At our request, Messrs. Aveling and Porter have 
kindly placed in our hands the results of a series of 
experiments made some time since by Mr. Charles T. 
Porter, the patentee of the Allen engine, the Richards 
indicator, &c., and who, we may add, although bearing 
the same name as one of the partners of the firm just 
mentioned, is in no way connected with either of them. 
These experiments were made upon one of Messrs. 
Aveling and Porter’s 10 horse double-speed traction 
engines, having a single 10in. cylinder and 12 in. 
stroke. The engine was run for three hours together 
against a friction brake ; indicator diagrams were taken 
in the meantime, and the consumption of coal and 
water was carefully noted. The pressure of steam 
was maintained at from 80]b. to 851b. The boiler 
was not of a size proportionate to the great amount of 
power developed, nor was it so large in proportion to 
the cylinder as the boilers of engines now made by 
the same makers. Thus for their present J1 in. cylin- 
ders they put in 77 tubes, 24 in. in diameter, and 5 ft. 
6 in. long, whereas the 10 horse engine experimented 
upon had but 37 tubes, 2} in. in diameter, and 6 ft. 
1 in. long, the tube surfaces in the two classes of en- 
gines being, respectively, 249 square feet and 147 
square feet. We mention this as, from the small size 
of the boiler in proportion to the power worked out of 
it, the evaporation of water per pound of coal was 
not what it would otherwise have been. In other 
words, there was a loss of fuel due to forcing the fire. 

The engine was worked in the second notch, at 
which steam was cut off at 87, in. of the 12 in. stroke 
at one end of the cylinder, and at 8% in. at the other, 
giving a mean point of suppression of 72 per cent. of 
the stroke. In one trial, the engine worked at 180 
revolutions or 360 ft. per minute. The full boiler 
pressure reached the piston at the beginning of the 
stroke, and an average effective pressure of 56.7 lb. 
was maintained upon the piston, the average back 
pressure being about 5lb. The indicated horse power 
was 484, or nearly five times the nominal power. 

The engine, as we have said, worked against a fric- 
tion brake. The pulley on the engine was 5 ft. 02 in. 
in diameter, and 6 in. wide. The pulley on the brake 
shaft was 4 ft. 4in. in diameter, a of the same width. 
The brake pulley should have made 210 revolutions to 
180 of the engine, but it was found that only 200 re- 
volutions of the brake pulley were attained, showing 
a loss of 10 revolutions per minute by the slipping of 
the strap. ‘The circumference of the brake wheel (not 
the pulley just mentioned) was 17.4ft., and the con- 
stant weight sustained was 385lb. Thus the work 
done upon the brake was 404 horse power, equal to 
834 per cent. of the indicated power, measured 
in the cylinder. But, besides the work done upon the 
brake, it is evident that the slip of the driving strap 
represents so much more work tn equal in this case 
to 2 horse power. In other words, had the brake 
been applied to the engine shaft, and the driving strap 
thus dispensed with, 423 horse power would have been 
measured, equal to 87 per cent. of the indicated power. 

During the full trial of three hours, however, the 
engine, which was intended to work at 180 revolutions, 
sometimes fell off to 170, and the average speed was 
173 revolutions. The mean effective cylinder pressure 
was 55 1b., and the indicated horse power 454. The 
power exerted upon the brake, without allowing for 
the further power lost in the slipping of the driving 
strap, was 39 horse power, or 86 per cent. of that in- 
dicated. Allowing for the loss by slipping, the work 
done was 90 per cent. of that shown by the indicator. 
The amount of engine friction, therefore, was compara- 
tively small. 

The coal burned amounted to 6.63 lb. per indicated 
horse power per hour; but the evaporation of water, 
under hard firing, was but 61b. per pound of coal. A 





roperly proportioned bviler for such hard work might 
= reasonably capected to evaporate 8 Ib. of water per 
pound of coal, and this would have reduced the con- 
sumption of coal to 4.98 lb. per indicated horse power 
per hour. 

A large number of the diagrams taken during this 
trial are before us; but as we understand that the 
makers have since effected some improvements in the 
adjustment of the valve gear, we shall await further 
diagrams from engines of later construction. 








OUR INDIAN ARTICLES. 

In the Homeward Mail of the 26th ultimo, an article 
headed “ Combinations” begins with the following 
words :—‘‘ There is, doubtless, immense truth in the 
* saying that union is strength. There is an inherent 
“ propensity in men to band themselves together for 
“purposes of self-defence, and never, perhaps, was 
“this more strongly evinced than at the present time, 
** which, if it is to be characterised at all, must be de- 
“ seribed as the ‘ Age of Clubs.’ Anglo-India has not 
“ been behindhand in this-respect. She has two clubs 
“in different parts of London ; and leaving the social 
“ for the scientific, she has the Asiatic Society, where 
“people meet to discuss everything concerning the 
“ East, except its politics. But it has been felt that 
“ something is wanting to give an impetus to the dis- 
“cussion of subjects connected with the government 
“and administration of India.” 

Acting upon feelings identical with these, we have 
during the last few weeks inserted in our paper a 
series of articles on some of the more important public 
works in India, and we intend that for the future one 
branch of our management shall be devoted to that 
class of engineering, feeling assured, that whilst these 
articles can scarcely fail to prove of interest generally 
to our readers, they will be perused with greater plea- 
sure by those to whom the progress of our Indian 
Empire may have more than a superficial interest ; 
and, further, by thus diffusing information, which may 
in all cases be relied on most fully, respecting the ex- 
pense of construction and remunerative character of 
works in India, we hope not only to assist in arousing 
greater feelings of interest generally towards that 
country, but also that we may become an indirect 
agent in promoting the development of its resources 
by means of some of that surplus British capital which 
of late years has merely gone to enrich the unprincipled 
promoters of bubble companies. Should we succeed 
in accomplishing this portion of our object, we shall 
not only on rendered a lasting service to India in 

articular, but have benefited, we hope, in a scarcely 
lees degree those whom our counsels may have induced 
to embark their capital in such undertakings. 

In addition to what we have stated above, it is felt 
that the time has now arrived when some organ is re- 

uired in this country to represent the interests of 
those members of our profession whose field of duty 
lies in the far East. It may not be generally known 
that in addition to the civil engineers who are employed 
on the several Indian railways, there are at present 
employed under Government in the Engineering De- 
partment of the Public Works Department in India 
581 engineers, of whom 245 are civilians and 336 mili- 
tary engineers. Of these probably not less than from 
forty to fifty are on leave to Europe at one time. Be- 
sides the above, there are also 107 members in the 
—_ grades of the Telegraph Department, not in- 
cluding those engaged on the Persian Gulf line, of 
whom a similar proportion would in all probability be 
at home on leave. We have here, then, a body of men 
connected with engineering science in India in the 
service of Government numbering in round figures 
about seven hundred, who have hitherto had no pro- 
fessional paper by which they were in any way repre- 
sented at home. The result has been that those who 
desired to publish in this country anything connected 
with their own professional position in Inia, the inte- 
rests of the service, or other matters of a like nature, 
have hitherto done so through the medium of various 
papers, according as their fancy dictated ; thus, one 
would select one or other of the daily papers, another 
the Builder, another the Engineer, and so on, none of 
which papers having any particular interest in India, 
eared sufficiently for the subject to do more than 
merely insert their letters. 

Having thus, we think, shown the total absence 
hitherto of, and the great need which has existed for, 
some paper having Indian connexions to support the 
interests of so large a body of professional gentlemen, 
we may now state that it is our desire to supply that 
want, and we trust, by an honest discharge of this self- 
imposed duty, to merit both their approbation and 








support. 
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THE RAILWAY TO HAMPSTEAD. 


Tue Metropolitan and St. John’s Wood Railway, 
including its extension to Hampstead, will be one of 
the most remarkable in the kingdom in respect of its 
gradients, and in having, im the first instance, only a 
single line. From the Baker-street station of the Me- 
tropolitan Railway to Hampstead, by the new line, 
will be about 23 miles, and the ascent is 235 ft. For 
a short distance from the Baker-street station the 
line will be level, then for about one —_— of a 
mile it will rise at the rate of 1 in 90, and thence for 
about. 350 yards to the Regent’s Canal at the rate of 
lin 44. The whole distance from Baker-street to the 
Regent’s Canal is five-eighths ofa mile, and the ascent 
gained is 39 ft. 9in., the railway crossing over the 
canal by an arch of 80 ft. span and 10 ft. rise. Thence 
the line descends slightly ; but at three-quarters of a 
mile from Baker-street commences a rise of 1 in 60 for 
about three-eighths of a mile. After this, and for 
nearly the same distance, the line rises at the rate of 
1 in 150; for another quarter of a mile it is then to- 
lerably level, with the exception of a bit rising 1 in 
80. Rather more than a mile and three-quarters from 
Baker-street commences the long pull of 1 in 27. Up 
to this point the total rise will be 98 ft. Gin. The 
length of this incline of 1 in 27 is nearly three-fourths 
of a mile, and nearly halfway up will be a station, 
at which point, for a distance of 200 ft. only, the incli- 
nation will be flattened to 1 in 250. At Hampstead 
a few hundred yards will be quite level. 

The railway will not make a junction with the Me- 
tropolitan Railway, but leaves the Baker-street station 
at right angles to that line. It will run under the 
Park-road, crossing the Regent’s Canal near Hanover. 
gate,and will extend thence under the Finchley-road and 
over the Primrose-hill tunnel of the London and North 
Western Railway, and so on to Hampstead, near the 
church, passing on the way over the tunnel of the 
Hampstead and City Junction Railway. 

We have discussed, on another page, the question of 
the size and weight of engines necessary for working 
this line. If Mr. Fairlie’s engine can be considered 
as entirely successful, there was never a lire more 
suitable for its introduction. But we believe it to be 
the intention to adopt six coupled engines, either with 
or without a bogie of two or four wheels in front, 
although nothing has been yet decided upon in respect 
of locomotives. The line will be ultimately doubled, 
and portions of double way are already in course of 
construction. 





RUTHVEN’S STEERING GEAR. 

On page 235 of the present number we give an 
account of a trial trip made on Saturday by a new 
steam-boat fitted with Mr. Ruthven’s hydraulic pro- 
peller. This vessel is also provided with an ingenious 
arrangement of rudder and steering gear invented by 
the same gentleman. The rudder is of unusual breadth, 
and is made in four parts united by joints, these parts, 
when the rudder is put over, forming a concave surface 
for the water to act upon. The steering gear is de- 
signed to assist the steersman when the rudder is put 
over, producing a species of balanced rudder. This is 
effected in the following manner: The end of the arm 
at the head of the rudder, to which the wheel chains 
are attached, is connected by a link with the centre of 
a horizontal lever placed across the stern of the vessel. 
One end of this lever is attached to a fixed fulcrum, 
and the other is, in the case of the Nautilus, connected 
by means of a rack with a pinion fixed upon a small 
vertical shaft around which a spiral spring is coiled. 
This spring exercises a constant pull upon the end of the 
lever, and as, when the rudder is put over, the arm on the 
rudder-head and the link connecting it to the lever form 
a sort of “mule” or “toggle” jomt, this pull of the 
spring upon the lever tends to force the rudder further 
over, and thus assists the steersman. The spring is 
provided with gearing, by which it can be wound up 
and the pull exercised by it increased at pleasure. 
When the vessel is to be moved astern, the rack 
which we have mentioned above is thrown out of gear, 
and the lever is connected to the spring by another 
rack gearing into the opposite side of the pinion, so 
that the spring exerts a thrust upon the lever instead 
ofa pull. A weight or a piston moved by hydraulic 

ressure can be substituted for the spring, if preferred. 
he whole arrangement appeared to act exceedingly 
well during the trial-trip on Saturday. ; 


Tae tare Mr. Brooman.—Mr. R. A. Brooman, for many 
ears the nominal editor of the Mechanics’ Magazine, died on 
hursday week. He was, we believe, the proprietor of that 
journal, but really took but little, if any, part in its actual 
management. He was known chiefly as a patent agent. 








SIEMENS’S GYROMETRIC GOVERNOR. 


Some weeks ago we gave in this journal* an account of a new 
form of governor invented by Mr. C. W. Siemens, who had de- 
scribed it in a paper read by him before the Institution of Me- 
chanical. Engineers. We now, through the kindness of Mr. 
Siemens, lay before our readers a drawing of this governor, and 
we shall thus be enabled to — it more fully. The governor 
consists, as will be seen by the engraving, of a cup, C, of a 
parabolic form, open at both top and bottom, the latter dipping 
slightly below the surface of a liquid contained in an external 
casing, B. The cup is ——— by four radial feathers, which 
connect it to a boss fixed upon a central spindle, the spindle 
passing down through a tubular support, A, fixed to the bottom 
of the casing containing the liquid. The spindle just mentioned, 








which is furnished at its lower end with a pinion, and is 
placed in the same vertical line as a vertical shaft, H, situated 
beneath it, and driven from the main shaft, S, of the engine by 
bevel gear, as shown in the engraving, or by other equivalent 
means. At the top of this shaft is fixed a wheel, of a cupped 
section, furnished with internal teeth, these teeth being in the 
same horizontal plane as the pinion at the lower end of the cup 
spindle. Between the pinion on the cup spindle and the internal 
teeth of the wheel on the lower shaft, and gearing into both, 
are placed two pinions, as shown by Fig. 2; these pinions re- 
volving freely upon studs fixed to an arm, which can, in its 
turn, revolve upon the central spindle By means of a lever and 
connecting link, this arm is connected with the vertical arm 
of a bell crank fixed upon the axis of the throttle valve, the 
other or horizontal arm of this bell crank carrying a weight. 
The action of this apparatus is as follows: When the engine is in 
motion, the rotation of the lower vertical shaft would tend to 
make the two intermediate pinions revolve round it ; this motion 
is, however, resisted by the weight fixed on the throttle valve 
lever, and the intermediate pinions are consequently made to 
drive the pinion fixed on the cup spindle and thus cause the ro- 
tation ofthe cup. When the cup 1s made to revolve, the liquid 
rises within it (its surface assuming a form approximating to 
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that of the cup, as shown by the dotted lines), and eventually 
overflows the upper edge. The portion thus overflowing ig 
caught, and its motion arrested, by a set of radial vanes, M, fixed 
to the external casing, and from these it falls upon another set of 
vanes, L, cast — the exterior of the revolving cup. ‘The ar- 
rangement of these vanes is shown in Figs.1 and 3. The 
action just mentioned, ye with the power absorbed in 
setting in motion the fresh liquid drawn in at the bottom of the 
cup, produces a resistance to the rotation of the latter, which is 
constant at a given speeed, an increase in the speed augmenting 
this resistance by increasing the overflow. It follows, theretore, 
that if a constant driving power be provided, the cup will con- 
tinue to revolve at an uniform velocity. A practically constant 
driving power is obtained by the arrangement of differential 
gearing which we have already described ; the “ pull” which the 
apne od nyo are capable of exerting upon that fixed upon 
the cup spindle being limited by the resistance afforded by the 
weight fixed on the lever of the throttle valve. So long as the 
speed of the engine is such, that the teeth of the internal wheel 
move at the same rate as that at which the teeth of the pinion 
on the cup 2 are driven by the pressure produced by the 
weight on the throttle valve lever, the intermediate pinions 
merely revolve upon their studs; if, however, the speed of the 
engine is augmented, the fact of the rate of rotation of the cup 
spindle remaining uniform will cause the intermediate pinions, 
and the arm carrying them, to revolve round the ceutral spindle 
in the same direction as the internal wheel is driven by the 
engine; and this direction is so arranged that the motion thus 
given to the arms carrying the intermediate pinions raises the 
weight on the throttle valve lever, and closes the throttle valve, 
thus diminishing the speed of the engines. If the speed of the 
engine falls below the proper rate, a series of movements, the re- 
verse of those just described, takes place. 

It will have been understood from what has been al- 
ready said, that the cup will not maintain an uniform velocity, 
unless this velocity is such as to cause a continuous overflow 
over the brim of the cup; the driving power provided ‘by the 
weight should, therefore, always be suflicient to give such a 
velocity. If the dimensions of the cup are known, the velocity 
requisite to produce a continuous overflow may be found by the 
following equation: 





V 2 (1+7-) 
4 + R?—.293 r 

; 6.2832 R 

In this equation m = the number of revolutions of the cup per 
second ; h = the height of the brim of the cup above the level ot 
the liquid at rest in the external casing ; 7 = the radius of the lower 
opening of the cup; R = the radius of the brim; and g =the 
force of gravity. All the dimensions should be expressed in the 
same units of measurement. The level of the liquid can be 
seen by the glass gauge affixed to the side of the external casing, 
as shown in Fig. 1: the cock at the bottom of the gauge affords 
the means of withdrawing some of the liquid, if requisite, or, on 
the other hand, an additional quantity can be put into the 
casing through a hole at the top, which is closed by a screwed 
plug. The dip of the cup, and the speed at which it will be 
driven, can thus be adjusted to any required amount. Radial 
feathers are formed around the lower part of the casing, in order 
to prevent the main body of the liquid from obtaining a rotary 
movement; and loss from evaporation is obviated by making 
the casing air tight. Any liquid, such as water or paraffin oil, 
= be employed. 

‘he gyrometric governor has stood the test of practical ap- 
plication very successfully. One of them has been at work for 
some months at Mr. Siemens’s telegraph works at Woolwich, and 
has answered exceedingly well. The rapidity with which it acts is 
very remarkable, and it has been found by experiments that, in 
the case of an engine fitted with this governor, two-thirds of the 
load could be suddenly removed without causing any perceptible 
change in the rate of revolution. Our engravings, which are drawn 
to a scale of one-tenth, represent a governor having a cup 8 in. in 
diameter at the top, and 8 in. high above the level of the liquid. 
The resistance which a governor of this kind opposes to a change 
of — is very great, and will enable it to be employed for 
regulating the speed of engines by the link motion, or for work- 
ing the gate of a waterwheel, or in other cases where con- 
siderable power is required in the governor. It is by no means 
essential that the spindle of the gyrometric governor should be 
maintained in a strictly vertical position ; the instrument works 
equally well when placed at a considerable inclination, and it is 
herefore probable that it may be applied to marine purposes. 
Yesterday evening, Mr. Siemens read a paper before the Royal 
Society, on “ Unitorm Rotation,” in the course of which he ex- 
plained the principles upon which the gyrometric governor is con- 
structed, 
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Tne Institution oF Crvit Enerneers.—At the mecting 
of this society on Tuesday, the 10th inst. Mr. John Fowler, 
President, in the chair, seven members and twelve associates 
were balloted for and declared to be duly elected :—including as 
members, Mr. Thomas William Armstrong, consulting engineer 
to the government of Bengal, in the canal and irrigation depart- 
ment in the province of Orissa; Mr. James Eastor, junior, 
Southwark; Mr. John Ellacott, dockyard, Liverpool; Mr. 
William Hanson, engineer and inspector of railways to the gov- 
ernment of South Australia ; Mr. Thomas Paterson, Otago, N.Z. ; 
Mr. John Ramsbottom, the London and North-Western Railway, 
Crewe; and Mr. William Shelford, Westminster. ‘The ssociates 
elected were Mr. James Lloyd Ashbury, Openshaw works, near 
Manchester; Mr. George Bohn, Westminster; Captain Edward 
Killwick Calver, R.N., Admiralty surveyor, Sunderland ; Mr. 
William Young Craig, mining engineer, Crewe; Mr. William 
Irlam Ellis, manager of the Regent’s Canal Iron W orks penn ; 
Sir James Dalrymple Horn Elphinstone, Bart. ; Major Charles 
Pasley, R.E., Chatuam ; Mr. Harry Stephen Thompson, chairman 
of the North Eastern Railway Company ; Lieutenant Charles 
Warren, R.E., Chatham; Mr. James Edward W hiting, M.A, 
Royston; Mr. Robert Wingate, Dunaburg and W itepsk Railw wy 
and Mr. William Henry Woods, Scarbro’ valley bridge wor “ 
The number of members and associates elected during the 
present session has been 135, including 41 of the former class 





and 94 of the latter class. 
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THE RESISTANCE OF STRUTS. 


By permission of Messrs. Kennard Brothers, Mr. 
David Davies, of the Viaduct Works, Crumlin, has 
been enabled to make an extensive and valuable series 
of experiments upon the resistance of struts formed 
yariously of angle iron, T iron, channel iron, and 
+ iron, and he has given us the results in tabular 
form. 

The first series of experiments were upon angle irons 
3in. by 3in. by 7sin., as shown in the annexed figures. 
> =t-——— These were made square at the ends, 
[ ——-=——! and subjected to compression. The 

' Jeast diameter of the angle iron, con- 
sidered as a pillar, was Q}in., as 
measured diagonally on the annexed 
section. The cross sectional area of the 
angle iron was 1.78 square inches. The 
first angle iron tested was 18 in. long, 
the proportion of its length to its least 
“diameter” being as 8 to 1. Under 
a pressure of 124 tons, equal to 7.02 tons per square 
inch of the iron, only 0.01 in. of lateral bending was 
observed. Under twice the strain, twice the deflection 
took place, and with a total strain of 31.31 tons, equal 
to 17.58 tons per square inch, the strut gave way 
laterally, as shown in the sketch. 

An angle iron of the same section, and 36 in. long, 
was next tried. ‘The lateral deflection appears to have 
been nearlyas the square 


a 








mama -L—_-__ — — of the increased length. 
—________————— The 36in. angle iron 
ae pit ete f failed also by lateral de- 


| flection, or buckling, 

‘under a total pressure 
of 28.12 tons, equal to 15.79 tons per square inch. 

An angle iron of the same section, and 48 in. long, 
was next tried, the proportion of length to the least 














width of the angle iron, regarded as a pillar, being 
21.3 to 1. ‘This failed under a pressure of 23.43 
tons, equal to 13.16 tons per square inch of section, 
the failure, as before, being by buckling sideways. 

The next angle iron was of the same section, and 5 ft. 
long. Its deflections were slight, and increased re- 
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gularly, with the application of pressures of from 64 
to 154 tons (3.51 to 8.71 tons per square inch) ; but 
at 183 tons, equal to 10.53 tons per square inch of 
section, it gave way like the others. 

The struts of equal section, up to the lengths tested, 
failed at pressures nearly inversely as the square roots 
of their Costin although the approach to this ratio 1s 
not close enough to warrant us in accepting it as a 
law. In the next experiment, an angle of the same 
section was connected by one flange to two angles at 
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each end, as is sometimes practised in bridge work. 
The length was 5 ft. This strut, shown in the sketch, 
failed at 124 tons, equal to 7.2 tons per square inch. 
The mode of failure is shown, one flange of the angle 
iron breaking away from the other. This strut had 


but two-thirds the strength, therefore, of a plain angle 
iron of the same length. 
The next experiment was upon T iron, 3 in. by 3 in. 
by gin. The cross section was 2.1 square inches ; 
<------__-= 


__. the length was 5 ft., the proportion of 
the length to the diameter of the pillar 
being as 20 to 1. This failed, of 
course, by buckling, the deflections 
|. increasing regularly up to a total 

















pressure of 28.12 tons, equal to 13.39 tons per square 
mech, when it gave way, as shown. 

A T iron of the same section and length was then 
connected at each end to two angle irons, as in sketch 
when it gave way, in the manner shown, at 183 tons, 
or 8.92 tons per square inch. 


It was thus but two- 


A NEW LEVEL 


Tuts method of ad justing levels, which 
is generally used in Germany, and which 
is now being introduced into England, by 
Messrs. Elliot, Brothers, has the advan- 
tages of possessing fewer working parts, 
and of being more easily and quickly ad- 
justed, than the ordinary four screw ar- 
rangements. 

The mechanism consists, as will be seen 
from the accompanying figures, of a re- 
volving cylinder cut obliquely, and an 
elevating and depressing screw. The 
ground plate, which is screwed on to the 
tripod-stand in the usual manner, is pro- 
vided with a hinge, as shown, connecting 
it with an upper plate, on which rests 
the obliquely-cut cylinder. This is kept 
in position by a ring (Fig. 2), fitting into 
a recess turned out on the under side ot 
the upper plate, and fastened to the cylin- 
der by four small screws, The socket 
which receives the telescope fits into the 
cylinder (and is bolted to it), as shown, 
and is provided with a disc, milled at the 
edge to facilitate the operation of adjust- 
ment. An elevating and depressin 
thumb-screw, working in the groun 
ey and connected with the upper plate 

y a small screw, us shown, completes 
the arrangement. 

In adjusting the instrument the tele- 
scope is turned round till it is at right 
angles to a line drawn between the hinge and the elevating 
screw, in which position it is held firmly while the disc on the 
oblique cylinder is turned to the right or left, as the case may 
be, and the thumb-screw raised or lowered until the adjust- 
ment is perfect. In levels provided only with a circular bubble, 






ADJUSTMENT. 
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as is usually the case in Germany, where the plane table is still 
extensively used, the instrument can be set almost instan- 
taneously; but with the English system of longitudinal and 
transverse bubbles, far greater accuracy is obtained at the ex- 
pense of a little extra care in adjusting. 
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thirds as strong as the same T iron with the ends cut 
square, as in the previous experiment. 

The next experiment was upon channel iron, 3 in. 
by 1in. by #1n,, with a cross section of 2.15 square 
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inches. The length tested was 5 ft., and = 
\___, proportion of the length to the least “ dia- 
i = raeter” was 34.2 to 1. The deflections in- 
creased rapidly after 12} tons had been put on, and the 
strut buckled with 17.1 tons, or 7.95 tons per square 
inch; the lateral deflection was then 2} in. 

A similar channel] iron, of the same section and 
jength, was then rivetted to end-angle irons, as in the 


— 
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sketch. It failed, in the manner shown, at 14 tons, 


equal to 6} tons per square inch, being thus nearly 
one-fifth weaker than the same channel iron, cut square 
at the ends. 

The next trial was of + iron, 3 in. by 
Its cross section was 1.88 square inc 


2} in. by # in. 


1, and the least 








diameter, considered as a pillar, was Qhin. A 5ft. 
length was tried, the ratio of length to diameter being 
as 28.2 to 1. Under a total pressure of 6} tons it 
buckled }in. With twice this pressure it buckled 
1} in., and at 17.1 tons, pone to 9.09 tons per 
square inch, it gave way with a deflection of 2} in. 

A piece of the same + iron, rivetted to end angle 
irons, was then tried, with one blade of the cross 
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cut away, as in sketch. The length was 5°ft., as 
before. Failure took place at 15.6 tons, equal to 
8.2 tons per square inch, thus showing a loss of 
strength of about ten per cent. as compared with the 





same iron with the ends cut square. 











Tue Peat Works at Horwicu.—We regret to announce 
that the peat works lately established at Horwich, in Lancashi 
were burnt down on the morning of Friday last, just as they 
been completed, and were about to commence working for the 
first time. The manager, Mr. F. Hahn Danchell, informs us, 
however, that the proprietor has determined to erect new and 
larger works in their place, and to put in improved machinery. 
Mr. D. K. Clark, C.E., read an interesting paper at the last meet- 
ing of the British Association, at Birmingham, upon the 
manufacture of peat and a charcoal, with the original ex- 

rimental apparatus at Horwich. ‘The name of torbite has 

n applied to the peat fuel thus prepared there. The peat is 
dug mn reduced to pulp in a mill, and carried thence on 
travelling bands to a drying-chamber, being formed, on the way, 
into bricks or blocks, which are still further dried by repeated 
journeys, upon travelling bands, through the drying-chamber. 
The peat thus made has been employed in smelting, and in 
puddling furnaces and cupolas. It is made at a cost, and 
commands a price, which leaves a good profit upon its sale. 
The manufacture and use of peat is acquiring increased im- 
portance, and we shall be glad to hear of the complete success of 
the works to be built upon the site of those just burnt down, 

Tut ManaGement oF Trarric.—The Railway News states 
that on Easter Monday of last year 850 trains, engines, &c., 
passed under the A B signal-box of the South Eastern Railway 
during the 18 working hours, from 6 a.m. to 12 midnight. 
This was at the rate of a train at about an average of every 
minute and a quarter for the 18 hours! The trains con- 
veyed about 250,000 persons, All this was accomplished 
without a single casualty. On Easter Monday last 912 
trains were signalled out and in at London-bridge Station, 
and of these above 700 trains were signalled at the A B 
station, The total number of p gers at London-bridge 
was about 200,000, of whom about 45,000 were carried 
to and from Greenwich. Till 1 o’clock on Monday, the 
clerk inthe A B box had registered 146 down and 82 up trains. 
These included, from 5 to 6 o'clock a.m., 5 trains ; from 6 to 7, 
13; from 7 to 8, 18; from 8 to 9,15; from 9 to10, 21; from 
10 to 11, 28; from 11 to 12, 24; and from 12 to 1, 25 trains. 
The Crystal Palace and the Greenwich trains from London- 
bridge Station kept pretty well abreast in numbers, there being 
about 30 to each destination up to 1 o’clock. 

Tue Ross Winans.—The Scientific American, a New York 
journal, which knows almost everything, informs its readers that 
the Ross Winans was launched broadside on, upon two cradles, 
like the Great Eastern. We also learn from our omniscient 
contemporary that the yacht, now that it is in the water, will bea 
complete failure. It says the first cigar ship was 635 ft. long. 

Ramssorrom’s SAFETY-VALVES.—Mr. Raimsbottom’s ar- 
rangement of two safety-valves, held down by a single stout 
helical spring placed midway between them, is not even yet so 
generally known as it deserves to be. ‘The spring holds down 
both valves with equal force, aud the crossbar to which the spring 
is attached, and which rests upon both valves, is prolonged at one 
end, so as to afford a handle by which the driver may occasionally 
try his steam. Any movement of this bandle by the driver, 
whether up or down, frees one valve in pressing down the other; 
and it is thus impossible, by holding down ‘or fastening down 
this handle, to prevent the escape of steam, aud thus increase the 
uressure ; for to force down or to force up the handle would only 
fot off steam. Itis, in our opinion, the best arrangement of safety- 
valves ever introduced. When the pressure rises two high, both 
valves blow off alike, and both rise to the full extent to which 
the spring is extended, instead of, as in the ordinary arrange- 
ment, to but one-eighth or perhaps one-twelfth of the extension 
of the spring. Even in standing, with a strong fire, the steam 
cannot rise but a very few pounds above the pressure at which 
the valves are set to blow off. They have been applied by Mr. 
Wm. Adams to the new engines on the North London Railway ; 
and Mr, Snowdon, of Stockton-on-Tees, has adopted these valves 
fur two steam vessels he has lately had built for him; and this 
is, we believe, their first application to marine boilers. All 
agricultural engines ought to be fitted with them 
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HORSE POWER. 


Tae engines of the Bellerophon are identical, in 
their leading dimensions, with those of the Warrior. 
Both have 112in. cylinders, from which is to be de- 
ducted the area of a 4lin. trunk, the effective area 
being equal to that of a cylinder of 104} in. diameter. 
Both have a stroke of 4 ft., and, for anything that we 
know, both were made (with the exception of the con- 
denser) from the same patterns, although this is not 
material to our purpose. ‘The Warrior’s engines 
worked up to 5469 indicated horse power on the trial 
trip, and the Bellerophon’s to 6048. Yet the Warrior’s 
engines are rated as 1250 nominal horse power, and 
the Bellerophon’s as only 1000. It is true that they 
work at different speeds, the revolutions of the War- 
rior’s engines, on her trial trip, being 544, while those 
of the Bellerophon made 71. According to Mr. 
Bourne’s tables, founded on Boulton and Watt’s rule, 
the nominal power would be 728 in the case of both 
engines, and the Bellerophon’s engines would thus 
indicate nearly 8} times their nominal power. 

We do not doubt that the absurd and indefinable 
term “nominal horse power” will be cherished 
through time until it becomes as venerable as Gog and 
Magog. We do not wish to argue against it any 
more than against judges’ wigs or the meteorolo- 
gical superstition of St. Swithin’s. Like Temple-bar, 
the term “nominal horse power” is an established 
fact. And what if it be a nuisance? Is it not vene- 
rable ? 

Watt, when his engines began to supersede horses, 
had to inform his customers of how many horses a 
given engine could do the work. It was nothing to 
tell them that the engine had such or such a sized 
cylinder. ‘They knew nothing of cylinders, but as long 
as the term “horse power ” was one of definite mean- 
ing they could Sledeed that Watt ascertained, 
therefore, that a good horse could go on lifting 
150 lb. over a pulley at the rate of 24 miles an hour, 


or 220 ft. i minute, and continue the work for eight 
hours a day. Now, the mechanical work done in 


this case is the same as lifting 220 times the weight 
through the y}oth part of the distance in the same 
time, and thus to 33,000 1b. one foot high per minute, 
or 1,980,000 foot-pounds per hour. In his own prac- 
tice he got an effective pressure (including the vacuum, 
of course, for he worked but little above the atmo- 
spheric pressure) of 7 lb. per square inch ; and he found 
that his pistons worked at about 128 times the cube 
root of the stroke in feet per minute, being 128 ft. 
for a 1 ft. stroke and 256 ft. for an 8 ft. stroke. It 
became his habit, therefore, to estimate the power of 
his engines, and as he took care to conform to his 
actual practice, his estimates were always very near 
the mark. By-and-by came higher pressures, and, still 
later, higher speeds. Instead of 7 lb. mean pressure, 
condensing engines work at from 21 1b. to 35 lb., and 
non-condensing engines at almost all pressures up to 
150 Ib.; and instead of piston speeds of 128 times the 
cube root of the stroke, the length of stroke is now 
known to have but little influence on the speed, and 
we have many engines working at from 300 to 400 times 
the cube root of the length of their stroke, in feet per 
minute. 

But, we are often told, although nominal horse 
power has ceased to be a measure of power, it is one 
of the sizes of engines. It is, we are told, a good 
commercial unit, like a bushel, or a ton, or a load of 
timber, or a thousand of bricks. We wish it was, but 
there are so many ways of calculating this unit, no two 
giving the same result, that we are unable even to 
say what size of engine is meant by so many nominal 
horse power. There is Boulton and Watt’s rule, the 
Admiralty rule, and the Leeds, Manchester, and Glas- 
gow rules! There are separate rules for land engines 
and marine engines, and, coming to marine engines, 
there are separate rules for paddle and screw engines. 
And we now find, from the case of the Bellerophon 
that there are separate rules for ordinary and for 
highly expansive engines. Thus the Lord Clyde has 
116 in. oteden and 4 ft. stroke, and is rated as only 
1000 horse power, the same as the Bellerophon. 
The Lord Clyde’s engines take their steam upon the 
full area of their 116 in. pistors, there being no trunks 
to be deducted. The Agincourt has 101 in. cylinders 
and 4 ft. 6 in. stroke, and rates as 1350 horse power. 
One of the new troop ships, tie Seraphis, will have 
48 in. high-pressure and 102 in. low-pressure cylinders, 
and the engines will be rated as 700 horse power. In 
the Peninsular and Oriental Company’s steamer Poonah, 
the same diameters of cylinders, but with, we believe, 
Gin. shorter stroke, rate as 500 horse power. 

And, finally, there are the rules—for there are a 
number of them—for the nominal horse power of non- 


condensing engines, Mr. Bourne assumes that they 
work with three times the pressure of condensing 
engines, and thus, by his tables, a single 10 in. cylinder 
and 12 in. stroke should be of 6.39 horse power. The 
makers of portable and traction engines rate it, how- 
ever, as 10 horse, and it actually works up sometimes 
to 484 horse power! To work at 10 horse power, the 
10 in. cylinder would require but 21 lb. mean pressure, 
and the piston should move at but 200 ft. per minute, 
equal with a 12 in. stroke to 100 revolutions. 
It is almost a wonder that locomotive engines have 
not been ticketed by their “nominal horse power.” 
In the States the term is never applied to marine 
engines. These are bought and sold at a round sum, 
and are classed only by the sizes of their cylinders. 
Delightfully absurd as the term “nominal horse 
power” is, however, we do not suppose engineers will 
agree to do without it. It is of little moment, per- 
haps, whether it really means anything or no, so long 
as there are so many to believe it implies something. 
We only wish, however, to record our ignorance in 
this respect : we do not know what it means. 


STEAM EXPANSION. 
To tut Epitor or ENGINEERING. 
S1r,—Notwithstanding that any controversy between a public 


journalist and a correspondent must ever be an unequal one, the 
former always having it in his power to have the last word, to 
use the biggest type, and frequently to illustrate his views by no 
end of diagrams, I venture once more, with your permission, to 
point out the errors into which you have fallen, if your remarks 
on steam expansion are intended, as I presume they are, to be 
an answer to my statements and views on this subject. ‘* There 
“is no easier method of argument than that of evading the 
“question. Leta man pass by all the difficulties suggested by 
‘* his antagonist, neglect his reasoning, and leave his facts un- 
“ answered, and let him, moreover, repeat his own assertions 
“with sufficient emphasis, but with some slight variation of 
“ phrase, and he will achieve a success which may be satisfac- 
“tory to himself, and which sometimes deceives bystanders.” 
Pardon me for saying these words are peculiarly applicable to 
the article on steam expansion contained in your last Number. 
You have most elaborately proved that either with link motion 
or the Corliss valves, worked as they usually are, steam may be 
expanded to a high degree, even below the necessary point. But, 
sir, I have never denied this. It may be done also by separate 
cut-off valves, and as effectually; i.e. when separate valves are 
used at each end of the cylinder. You admit compression to be 
a drawback, and that “it neutralises to a considerable extent 
‘* the advantage of expansion ;” but let this pass. My objection 
to expansion in a single cylinder lies deeper than this. I neither 
deny that the utmost desirable degree of expansion can be ob- 
tained in a single cylinder, nor that a heavy flywheel can be 
made to equalise the motion. Your arguments, therefore, in 

roof of these two points are quite beside the real question 
vetween us. The diagrams never show us how much power is 
lost by heavy flywheels, nor, indeed, that lost by any part of the 
friction of the engine connexions, and least of all do they give us 
any idea of the cost of the engine in proportion to the dyname- 
trical power developed. You entirely evade all these points— 
the only ones in question. Although the difficulty of irregu- 
larity is got over by high speed and heavy flywheels, you don’t 
say at what cost. In Messrs. Illingworth’s engine we get from 
28 Ib. at the beginning of the stroke to 5 lb. at half-stroke, and, 
say 1 Ib, at end of stroke, So, in the last example you give, the 
first pressure is 46} lb., at middle stroke only 61b., and at three- 
fourths ‘a slight resistance.” ‘Truly the flywheels have plenty 
todo, Is it known at what cost? Let us know the dyname- 
trical power of these engines, and the cost per dynametrical 
horse power ! 

Reverting for a moment to the trial of the traction engine, 
given in a late number of ENGINKERING, you put the indicated 
power at 40-horse. Assuring the dynametrical power to be 
three-fourths of this, or 30-horse, the consumption of coals was 
very nearly 10 lb. per horse power per hour, which is probably 
very near the truth. If so, it was just about three times what 
it need be. Your attempted proof that the steam was expanded 
by cutting off at “3 out of 14” (only 44% times, by the by) is 
not complete, for the information I received, personally, -from the 
foreman of the works, was that the pressure in boiler was only 
80 lb., and the speed only 120 pen wen a I don’t know the 
proportions of the pitch wheel and pinion, or the exact size of 
driving wheels; but it is probable that a mean speed of 150 
revolutions would show an excess of speed over that actually 
travelled, averaging about 3 miles per hour. 

With regard to the point of cut-off usually employed in loco- 
motives, I have made very careful inquiries from the engineers 
of many of our best worked lines, and I find many put it at 
half stroke for passenger engines, and three-fourths for goods 
engines. Others give one-third for passenger engines, but I have 
never had a less point named as a mean. Your special cases go 
for nothing. I speak of railways generally; and even if it be a 
more common thing to cut off at one-sixth (you come down to 
four or fivefold as that generally maintained), than I suppose, 
the cylinders being frequently exposed, and the pressure some- 
times 160 ]b., no great thing is done, nor can any very good 
result ensue. If expansion is to be general and systematic, 
proper arrangements must be made to ensure its success, or we 
come at once to Mr. Isherwood’s dogmas, which you very justly 
condemn. Twelve years ago I was told by the chief engineer of 
& great naval power that expansion was no good in marine 
engines. ‘It hud been tried, and, power for power, more fuel 
“was burnt when the steam was expanded than when it was 
“ used in the ordinary way.” Of course the idea never occurred 
to any one, at least, it was nothing short of treason to suggest, 


an officer from the same department told me the general result 
of expansion was now that half the fuel was saved, 

I must now shortly refer to some statements made in your 
article. Youstate it is a ‘common and just objection to highly 
“ expansive engines, that the cylinder must be made much larger 

“and the working parts proportionally stronger, than when the 
“ steam is worked at full stroke ; and the cost of an engine follows 
“a certain proportion to the size of its cylinder, and so does the 
“ wear also.” This is no doubt true, as regards ordinary engines, 
and you state further, “this objection is only increased b 

“making a compound engine, and performing the whole of the 
“expansion in the low-pressure cylinder.” This is true also, on 
the supposition you make ; but my answer is, “ Don’t make an 
engine in this way.” The steam should not be allowed to {ijl 
the small cylinder; the greatest uniformity of motion is obtained 
by cutting off in the small cylinder in a certain proportion to 
the total expansion, and if this be done, which always should 
and ‘can be done, away goes the objection to the initial blow 
being the same on the working parts. If the engine be properly 
made it is not the same, it is not more than a fourth of the 
same, and instead of having a pound on the inch at end of 
stroke, ora “ slight resistance” at three-fourths, you may have an 
effective pressure on a given area (say, a third of that of the large 
cylinder) of half or a third of the initial pressure, nevertheless 
carrying expansion to its limit. Thus even ordinary double- 
expansive engines have not necessarily the faults you tind with 
them ; but, sir, you evade the question of expanding steam as 
proposed by me. I have neither the same initial blow, nor the 
irregularity of motion, nor the heavy flywheel and working 
parts, nor a multiplicity of valves, as in the Corliss engine, nor 
multiplicity of parts, as where two separate engines are used, nor 
the cost and weight of either the high priced and low-powered 
single-cylinder expansive engine or the ordinary double-cylinder 
engine. I expand six, eight, ten, or sixteen tines, if necessary, 
in one cylinder, with a single valve and single eccentric, and 
with working parts of the same strength as ordiuary engines 
with smaller cylinders, the steam not being worked expansively, 
and so produce by far the cheapest expansive engine. By 
setting aside questions of cost, weight, and bulk, you may say a 
good deal in favour of ordinary engines, but even then it re- 
mains for you to show the expenditure of fuel per dynametrical 
horse power, and not the indicated horse power only. 

Perhaps one of the most amusing features of this discussion 
as regards portable engines and thousands of fixed engines is 
that the link motion is never used. Out of 2000 portables 
made by one of our best makers, four only had expansion valves 
fitted to them, and two of these were removed in a few weeks 
after the engines started. This has frequently occurred: viz., 
that portable engines fitted with expansion valves have been 
altered, owing to their getting out of order; and never getting 
set right again by the drivers, and sometimes from the engines 
giving out too little power when the steam was much expanded, 
the cylinders only being of the ordinary size. 

But, sir, you will perhaps say, “the remedy is easy.” 
Either make the cylinder larger, or let the purchaser have a 
12-horse engine instead of an 8. If the former plan be adopted, 
the engine maker will have to increase his charge, not only for 
the large cylinder, but for the extra strength of the working 
parts, besides 102 to 15. for expansion valve and second 
eccentric. If the latter, it simply adds about 50 per cent. to the 
cost and nearly the same tothe weight of engine. You literally 
here pay your money and take your choice, not, however, without 
having in either case an irregular-working engine, and one 
easily put out of order, and in the latter case one excessive in 
weight. 

In conclusion I would say that the makers of portable and 
traction engines are not “pushing home the question of ex- 
pansion ;” this is what I complain of ; nor probably will they ever 
do so. It is for you in the first place, and then for the public, 
to push this matter home to the makers of engines; the saving 
in fuel you may safely promise them. What can you mean by 
doubting this, when the average consumption of all the ordinary 
portable engines tried at the Worcester show (excepting, of 
course, the racers, which are not ordinary engines), the consump- 
tion was 104 lb. per dynametrical horse power per hour, many of 
them consuming 13 to 14]b.2 With complete expansion, pro- 

rly carried out, I am doing this work for 3}1b., and this 
although the cost of engines is not increased. This branch of 
steam engineering is not so “ barren of accurately observed and 
“recorded data” us you appear to think. The fault is in not ap- 
preciating what has been done, or, perhaps I may say, trying to 
understand it. “None are so blind as those who won't see.” 
The problem to be solved is, how to produce, in the best way, 
a dynametrical horse power at the lowest cost, both as regards 
first cost of engine and boiler, and cgnsumption of fuel. Keeping 
in mind durability of both engine and boiler, as well as lightness, 
the latter, of course, being mostly involved in the cost of con- 
struction. I profess to have solved this problem. It is for you, 
sir, i.e., if your readers are interested in the matter, to disprove 
it. Jt can, however, never be done by evading the main points. 
It is a commercial as well as an engineering question, and can- 
not be discussed by reference to the purely scientific parts of it. 

I thank you siveerely for the space you have given to this 
subject, and will not again trespass upon it unless asked to do 
so, but, with you, rest in the hope that makers of traction engimes, 
“at least, will find time to give to the whole question the atten- 
** tion it deserves.” 

Epwarp E, ALLEN. 

Westminster, April 10th, 1866. 








Bripces.- -The Great Western of Canada Railway Company 
lave already been compelled to expend large sums in construct- 
ing stone and iron bridges in place of timber trusses. It is the 
same throughout the States, and it has been the same on the 
West Midland, the South Devon, and the Great Eastern lines in 
this country. But few wooden bridges last fifteen years. 

Tue Oxpver oF THE Batru.—The Gazette announces a 
“the Queer! has given orders for the appointment of mere 
Alexander Fraser, of the Royal (late Bengal) Engineers, who 
designed and constructed the Alguada Reef Lighthouse, to be = 
Ordinary Member of the Civil Division of the Third Class, of 








that the trials were improperly made. Only a few weeks ago, 


Companions of the Most Honourable Order of the Bath.” 
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FROM LONDON TO CALCUTTA. 
To rue Epitor or ENGINEERING. 

Srr,—Some few years ago, before railways entered the heart 
of. this metropolis, it was the fashion to maintain that engineer- 
ing works were fast approaching their completion, and that engi- 
neers would have to abandon the profession because there would 
be nothing more for them to do! 

Since then what numbers of colossa] works have been carried 
out! aud the more we work, the more there is to do, 

The railway undertakings in and about London are steadily 
increasing year by year, and still there is room for other works 
and far more extensive engineering enterprises. 

These, with your permission, I intend to treat of in another 
letter ; suffice it to say in the meantime, that if so many new 
lines have been found necessary in the neighbourhood and in the 
very heart of this metropolis, aud many more have still to be 
carried out, what time must elapse before Paris, and Berlin, 
and Vienna, and Florence, and Rome, and Naples, and Dublin, 
and Edinburgh, and Manchester, and Liverpool, and Glasgow, 
and the numberless cities of the old world, are amply supplied 
with increased communication according to the progressing re- 
quirements of the age! 

Add to these ramifications of iron ways, the necessity of 
which is now so very obvious, the great works that will have 
to be carried out almost immediately on other continents, at no 
distant period in the great towns of North and South America, 
in the vast extent of territory on the great continent of Asia, 
embracing literally the wide limit “ from Indus to the Pole,” and 
in many parts of Africa likewise, there will soon be mighty 
works to construct, which will make the great pyramids sink into 
insignificance by placing in juxtaposition with them more colossal 
and more useful undertakings. 

It is, therefore, the duty of those whose business it is to 
superintend and carry out these great monuments of engineering 
skill, to take a grand and, as it were, statesman-like foreview of 
the future, so that instead of imitating the mole in a blind hap- 
hazard wandering manner of proceeding, we may carefully plan 
our great highways beforehand. 

Englishmen are interested in gaining rapid means of transit to 
almost every part of the known world; for we have interests in 
every quarter of the globe, and the sun never sets upon the 
dominions of the mighty monarchy of the Anglo-Saxon race. 

But we are particularly interested in establishing, without 
delay, direct steam communication between this country and 
India, and for both with the continent of Australia. 

India and Australia, situated on.the other side of the globe, 
we have every interest in communicating with directly.” The 
constantly developing products of those plains of plenty and 
those mines of wealth are becoming so important that we ought, 
without delay, to apply the admirable inventions of steam com- 
munication, so as to reduce the time now inevitably lost in going 
to and fro; and as time represents money, why should we lose 
the interest upon gold, and silver, and precious stones, and costly 
fabrics, and expensive spices, and silks, and teas, and light goods 
of untold value, by going a roundabout way to those lands which 
we should do all that lies in our power to bring to our very 
doors ? 

Years ago I proposed to the British Government to make a 
direct land communication between London and Calcutta, and 
this will yet be done. People who laughed at the idea originally, 
now admit its feasibility. 

For the present, great deal will be done by an uninterrupted 
line of railway from Calais to the port of Brindisi, which may be 
made an excellent harbour, at the south-eastern extremity of the 
Italian Peninsula. I have worked for the realisation of my 
favourite project for many years, and have procured, and advo- 
cated, at helped to construct so much of this great eastern 
line in the right direction; and now steamers will soon run from 
Brindisi to Alexandria in Egypt; so that when the railway is 
constructed either over or through the Alps (and both will soon 
be done), London and Egypt will be put into direct steam com- 
munication, whereby the distance will be traversed in a very few 
days. Sofar,so good. We can travel by land four times quicker 
than by sea, so that we should put as much of the journey on 
land as possible; and in any case, the great eastern communica- 
tion should not be by the Red Sea, which is out of the way 
entirely for India and Australia. 

What is wanting is to put Brindisi in rapid contact by swift 
liners with Antioch, or the best harbour near the Euphrates 
Valley ; to make a line from thence by the shores of the Persian 
Gulf, to join on to our Indian railways. 

By this means we could travel from London to Calcutta, and 
from Calcutta to London, in little more than one week; and the 
distance which separates us from our important Australian 
colony could be easily traversed in a single month. 

This is no wild speculation, no mere poetical fancy, but is a 
project capable of complete realisation. What is called the 
overland route is entirely in a wrong direction. If any of your 
readers will take the trouble to look at the map, they will see 
that the line I propose tends constantly towards ‘Tots and 
Australia ; and now that the telegraphic communication with the 
East follows nearly the line 1 propose, the railroad in question 
would be more possible than ever; and, as it must be con- 
structed, the sooner it is examined into the better.—I am, sir, 
your obedient servant, 

W. H. Vittters SANKEY, Civil Engineer, 
Corresponding Member of the Royal Dublin Society, &c. 
London, 9th April, 1866. 








Tne Wear or Raits.—The engines of the Metropolitan 
Railway are of great weight, and they are, so to speak, planing 
down the rails on that line.. We have been furnished with what 
we may call a shaving, nearly a foot long and weighing one 
ounce, being one of a number which Mr. Burnett, the engineer 
to the line, has collected, where they have been worn off by the 
wheels of the trains. The rails on parts of the line are of wrought 
iron, ‘‘ converted” by Dodds’s process, and at other parts of 
Bessemer steel. We do not know whether the wear is confined 


to one or the other class of rails, or whether it goes on equally 
Upon both ; but Mr. Burnett will, we believe, bring the subject 
to the notice of the Institution of Civil Engineers, in the dis- 
Cussion of 
Will give 


Mr. Williams’s r, nextTuesday evening, when he 
full particulars, ‘ ’ 








RIVETTED JOINTS. 
To THe Epiror or ENGINEERING. 

Srr,—Your excellent and practical article in your paper of 
March 30th, on “ Rivetted Joints,” will, no doubt, be welcome and 
interesting to a large circle of your readers. It is on a subject 
which, although it has been very much negleeted, is unquestion- 
ably of fundamental importance in structures of malleable iron. 
Were compression the only strain to be provided against, it 
would matter but little whether the joints were single, double, 
or treble rivetted, if the rivets only filled the holes. But when 
joints rivetted are to stand ¢ensional strain, the utmost care 
should be used: in your own words, ‘the breaking lines of the 
“ plates and of the butt straps, and the size and number of the 
‘rivets, should be so proportioned as to make them all equall 
“strong.” The joint should be as nearly as possible in strengt 
to the solid plate. ‘Io join plates by one or two rows of rivets 
to withstand a tensional strain may be compared to a cable 
having links in it at certain intervals only one-half as strong, or 
at least very much weaker than the others; and although it 
might be called a cable of such and such a size, as to strength, 
it would, of course, be only equal to a cable of the same strength 
throughout as its weakest link; and, indeed, the extra 
weight of the heavy links might be a source of weakness, if its 
own weight formed part of its load. In order to show the 
different values of the methods of uniting plates to each other by 
rivets, take, for example, that it is required to have at the 
weakest place a net sectional area of 18in. X 3in., and with 
one covering strap, having (say) fifteen rivets of i in diameter. 
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Ist. Single-rivetted joint —The breadth of the plate would 
be 18 + (15 x .75)=294 in. 

2nd. Double-rivetted joint.—The breadth of the plate would 
be 18 + (7 x .75)=232 in. 

3rd. Triple-rivetted joint.—The breadth of the plate would be 
18 + (5 x .75)=214 in. 

4th. System proposed by the writer.—The rivets are arranged 
as shown, having one less in each row, from the joining or 
butt, till they terminate in a single rivet. On examining this 
form of joint, it will be seen that it is only necessary to increase 
the plate as much as the diameter of one rivet in the breadth; 
and, consequently, in the example under consideration the 
breadth would be 18}in. The covering strap must be made 
thicker than the plate to be joined, so that the sectional area of 
the strap at B is equal to the sectional area of the plate at A. 
Before the plate can give way at tle second row from A, the 
rivet at A must be shorn through, so that the strength of the 

late at the first (A) and second rows are equal; the third row 
is stronger, and so on. 

For all practical purposes, with accurate workmanship, 
structures joined in this manner might be made equal to having 
the plates in one piece throughout. 

Yours truly, 
Gro. RussELL. 

Motherwell, N. B., 3rd April, 1866. 








Warine’s Masterpieces oF IypustriAL Art.—In 1862, 
Messrs. Day and Son, lithographers, published a large and 
costly work, by Mr. J. B. Waring, illustrating many of the prin- 
cipal objects of art in the International Exhibition, The sub- 
scription price was 18/. 15s., and the cost of binding increased 
this to 26/. 12s. 6d. In the prospectus it was anncunced that 
subscriptions for but 2000 copies would be received, and that no 
copies beyond this number would be printed, it being understood 
that the stones were then to be defaced. ‘The subscription list 
was soon filled, and the subscribers’ names were published in the 
Times and in the Art Journal. After the subscribers had re- 
ceived some of the parts, a circular was sent to them stating that 
as a few of those who had subscribed had died, or moved away, 
a moderate number of copies were yet to be disposed of. ‘These, 
no doubt, were soon taken. After the whole work had been 
published, Messrs. Willis and Sotheran purchased, as they sup- 

osed, all the copies then remaining in Messrs. Day and Son’s 

ands. A few weeks ago, however, at a clearance sale of Messrs. 
Day’s books in stock, no less than jifty copies of Mr. Waring’s 
work were offered at auction. Nearly{or quite two thousand 
subscribers, who had supposed they were in possession of a work 
of increasing value, might have seen it knocked down. at less 
than one-half or perhaps one-third of its price of publication ; 
and Mr. Quaritch, of Piccadilly, is now advertising the richly 
bound edition at 137. 10s. Taking the depreciation of market 
value which this sequel to the original prospectus has produced, 
the 2000 subscribers may set down their aggregate loss at up- 
wards of 25,0002. Is there no remedy? 

Tue Non-Recom Gun.—The non-recoil gun, which we 
noticed a few weeks ago, and which is open from end to end, 
having no breech, fixed or moveable, is patented jointly by Mr. 
G. P. Harding and Mr. Lynall Thomas. Several have been 
made of from 14 in. to.3 in. bore, and the results of recent trials 
give much probability to the conclusion that we are upon the eve 
of another great revolution in gunnery. 


THE SKIN FRICTION OF SHIPS. 
To rue Eprror or ENarnecrina, 

S1r,—In your impression of April 6th, you have given an 
article upon the Skin Friction of Ships, in which mention is 
made of my paper ‘On the Resistance of Bodies passing through 
water,” read at the Institution of Civil Engineers in March, 
1864, and now lately printed. 

Thinking that in your remarks on my paper one or two inad- 
vertences have crept in, I hope you will afford me the oppor- 
tunity of correcting them. 

You have stated “the general result of the discussion on Mr. 
‘* Phipps’s paper was, that there was no difference between the 
“skin resistance of water flowing within a pipe or along its 
“ outer surface—in other words, no difference between the skin 
“ resistance per square foot of the inner surface of a pipe and 
“ the outer surface of a ship of the same material and smooth- 
“ness. Indeed, with a pipe of infinite diameter, any portion of 
“ the internal surface would be practically a plane.” 

Now, from the very full notes [ took at the time of the discus- 
sion, and a re-perusal of the remarks of the speakers, as printed, 
relative to the equality of friction in the interior of a pipe and 
the exterior of a ship, I am led to an entirely different con- 
clusion to that you have stated. 

All the speakers who entered upon the point at all, except 
Mr. Hawkesley, considered that the co-efficient of friction 
derived from the pipe theory was largely in excess of the truth. 
The concluding sentence in your remarks, with reference to a 
pipe of infinite diameter, is simply a repetition of the words of 

ir. Hawkesley (page 34 of the printed paper), and it does ap- 
‘ord to me that, as this argument had been met by me in the 

ody of the paper (page 13), in the appendix (page 19), and in my 
concluding remarks (pages 53 and 54), on grounds totally dis- 
tinct from either the magnitude or form of the pipe or water- 
course through which the water flowed, some reference, however 
slight, should have been made in your notice to this reasoning. 

In reply to your concluding paragraph, that the great disparity 
in the friction of iron and coppered ships set forth in the paper, 
from that which the daily working of such ships teaches practi- 
cally, “leads you to doubt very much of what is authoritatively put 
‘ forward as to the resistance of bodies passing through water.” 
I can only say that whilst not at all wishing to dogmatise upon 
this or any other point, I can see no great reason for doubting 
the comparatively low co-efficient of friction attributed to copper. 

The co-efficient for iron was carefully deduced from a 
consideration of the 13,000 square feet of skin of the ship Leinster 
(page 15), and is 1.065 pounds per square foot at 15 ft. per 
second. Beaufoy’s experiments give 0.763 lb. at the same speed 
for his painted plank, and copper (as I calculated from the hull 
of the Rattler) gave 0.71. 1b., 4 quantity which, from not being 
very much less than Beaufoy’s painted plank, may, I think, very 
probably not be far from the truth. 

I may add that in Professor M. Rankine’s remarks (page 
49), he adopts the co-efficient of Wiesbach for clean and smooti: 
iron pipes, pemely, 1 1b. per foot at 10 knots per hour (nearly 
17 ft. per second), which, at 15 ft. per second, would give 
0.76 lb., and he adds that for copper sheathing the amount due 
to resistance would be decidedly less. 

1 am, Sir, your obedient Servant, 
GrorcE H. Puiprs. 








SreamM Firg-ENGINES FOR THE MerTropouitan Fire 
BriGAve.—On Monday last, Messrs. Shand, Mason, and Co, de- 
livered to the Board of Works seven of their patent vertical 
steam fire engines for the use of the Metropolitan Fire brigade, 
four of them being of the same size as those which are now so 
well known to the public by their constant attendance at fires 
for the last four or five years, and three about one-half more 
powerful. ‘They were first taken to Spring-gardens and in- 
spected by Sir John ‘lhwaites and several of the members of the 
Board of Works, and thence to the head quarters of the brigade 
in Watling-street ; each being drawn by a pair of horses, and a 
driver and engineer on each engine, formed quite a novel sight, 
and attracted considerable notice on the way. ‘This will prove a 
very important addition to the present supply of engines in the 
hands of the brigade. We are also informed that the introduc- 
tion of gas into the city of Bombay has so alarmed the residents 
on account of the expected increase of danger from fires, that 
steps have been taken to reorganise the fire brigade. Messrs. 
Smith, Fleming, and Co., of Leadenball-street, nave therefore 
been empowered to send out steam fire-engines of the most im- 
proved description, as used by the Metropolitan Fire Brigade. 
Lhese have been selected from the works of Messrs, Shand, 
Mason, and Co, Two of them, with a full set of hose, suctivn- 
pipes, &c., were shipped by the Varuna; the third by the Tweed, 
which sailed on the tith. On Thursday, the Sth inst., this en- 
gine was tested at the works of the makers, near Blackfriars- 
bridge, iu the presence of Mr, Allan, ss Messrs. Smith, 
Fleming, and Co., Mr. Edgington, Deputy-Commissioner of 
Police, Bombay, and other gentlemen. Steam of 60 1b. pres- 
sure was obtained within ten minutes from lighting the fire, 
when the engine was started and threw a bare inch jet 180 ft. 
high, As the distance that the jet could be projected in a hori- 
zontal direction was required, a pair of horses were put to the 
engine, and all concerned rode upon it to the Grand Surrey Docks, 
where various experiments were carried on. Steam was raised 
to!a pressure of 60 lb. in eight-and-a-half minutes, and a bare J in. 
jet thrown to a distance of 228 ft. Two lines of hose were attached 
to the engine, with 4 in. jet to each, through which two columns 
of water were thrown at the same time to a distance of 200 ft. 
‘These were good effective jets, and not, as is usually done, mea- 
sured to the extreme distance to which the spray is thrown. 
the result being that a jet, bare 1 in. in diameter, was projected 
to a distance of 228ft. An experienced man, formerly in the 
Metropolitan Fire Brigade, accompanies this engine to take 
charge of and instruct others in the use of it. 4 

Socrery or ENcIncERS.—At a meeting of the Society of 
Engineers, held on Monday last, Mr. Zerah Colburn, president, 
in the chair, the following gentieinen were duly elected:—As 
Members: Mr. Thomas Cargill, of Clapham; Mr. Haines 
Rowell, of Lee; Mr. E. 8. Cathells, of Shrewsbury; Mr. James 
Blackburn, of Droylesden, near Manchester; and Mr. R. W. 
Carter, of Everton, Liverpool As an Associate: Mr. Frank 





Livesay, of Dulwich. 
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Tue Great Russian TeLecrapuic Live.—The St. Peters- 
burg journals publish the following summary of a report drawn 
up by Colonel Bulkley, chief of the expedition despatched to 
survey the route of the Russo-American telegraph line :—‘ The 
expedition placed in charge of Mr. Conway, which was sent to 
the Fraser River, conveyed the telegraph line over a distance of 
450 miles, and ouly failed to finish the route marked out for 
them through want of the necessary material. Mr. Conway 
states that up to the 57th degree of north latitude there are no 
obstacles to the placing of the line. M. Keninkott, chief of the 
second section, had to survey the country between the river 
Kirptchak and Norton Strait, and to reach the south in order to 
connect his section with the first. The principal expedition 
learned from the natives at Fort St. Michael that the Kirptchak 
and the Youkone are one and the same stream, flowing into the 
Sea of Behring, and that vessels could easily enter the river. 
On the American side of Behring’s Straits, the only suitable 
point for landing the telegraph cable was Port Grantly. On the 
Asiatic shore, Seniavine Strait offers all the conditions desirable. 
Between this Strait and Port Grantly the bottom of Bebring’s 
Straits is covered with ooze and sand. ‘The supposed distance 
between the two points of submersion of the cable is 178 miles. 
Further on the Bay of Anadyr, at the month of the river of 
that name, presents a favourable situation for the submersion 
of the cable. The principal expedition ascended this river to a 
distance of about 300 miles from Tolstey Cape, but could not 
proceed further on account of the ice. The seashore to the 
south of the Anadyr is mountainous, and offers no suitable spot 
for the submersion of the cable. The projected submarine tele- 
graph in the Bay of Anadyr extends over a distance of 209 
miles. This route can only be avoided by a land line to the 
north, crossing the Gulf of St. Croix. In order to obtain a 
survey of the localities in Kamschatka, and of the coast of the 
Sea of Okhotsk, an expedition was formed under M. Abaza, 
who discovered that a line might easily be laid between Okhotsk 
and Yakoutsk, going round the mountains, and reaching the 
Amoor at a point considerably above its mouth. The most dis- 
tant regions to the north through which the telegraph line will 
be carried offer no serious obstacle either to the construction or 
working of the line. The submersion of the cable can be effected 
very easily on account of the level and sandy sea bed, and the 
short length of the cable removes any apprehensions relative to 
the working of the line. With respect to the land portion of the 
line, the posts will be as solid in the frozen earth as if they were 
fixed in stone; and as there are no woods to traverse, there is 
no danger from falling trees. The examination of the line in 
winter will be a comparatively easy matter, from the facility of 
travelling by sledges drawn by reindeer or dope. To cross 
Behring’s Straits 178 marine miles of cable will be required ; 
for the Gulf of Anadyr 209 miles. The depth of the sea is so 
great that the cable can only be damaged by icebergs, which, 
however, never appear in Behring’s Straits, nor to the south, on 
account of the northern current. Contrary to the opinion gene- 
rally received, the native tribes inhabiting the sea coast are 

eaceable and honest, and hospitable in the highest degree. It 
is expected that in time they will be very useful to the under- 
taking. ‘The numbers of the specimens of natural history that 
have on collected surpass all expectation. Operations will be 
resumed in the spring.” —Galignani’s Messenger. 

Tue Pacuiser Gun.—the trial of the 68-pounder cast- 
iron gun, which was converted by Major Palliser into a 7 in. 
rifled gun, was brought to a conclusion on Friday last by the 
breech gradually giving way. For several rounds the cascable 
had been observed to be loose, and at the 904th round a large 
crack, about a quarter of an inch wide, was observed, which 
ran round about two-thirds of the circumference at the breech. 
The practice was accordingly stopped, and the bore of the gun 
was examined and found to be uninjured. The men were then 
sent well under cover, and the gun was fired as before with 
22lb. of powder and 115lb. shot. As was expected, the end of 
the tube and the breech of the gun were blown out to the rear, 
but the gun did not burst out sideways, and no casualty cculd 
have occurred had a detachment of artillerymen been serving 
the gun in the usual manner. Major Palliser attributed the 
ultimate failure of the breech to the female screw thread, which 
received the cascable not having been continued right through 
the cast-iron breech of the gun, and observed that this thread, 
which was intended to have been the plus thread, upon which he 
lays so much stress, by this mistake actually became a minus 
thread, and that the cast-iron casing had been divided by a 
fracture which passed through the last complete turn of the 
screw-thread inside the gun. The result of the trial is con- 
sidered very satisfactory, and a complete answer to the only 
objection which has been raised to this system of constructing 
guns—viz., that eventually they would burst explosively with- 
out giving any warning. It should be stated that the gun 
weighs only 5} tons, and that at the time of the accident it was 
tiring the heavy battering charges which are only to be em- 
jloyed on special occasions in the wrought-iron 7-in. guns of 
¢4 tons weight. The gun was firing these charges at 18° 54’, 
which is the highest Seaton the carriage would admit of, and 
it had only 17 rounds more to fire to complete its endurance 
test, As yet there is nothing with which the performance can 
be compared, as none of the heavy 7-in. wrought-iron guns have 
us yet fired half as many rounds. The range of the gun at 
18° 54’ was 6450 yards. A strong wind was blowing up the 
range, which, it was considered, diminished the range by about 
300 yards. It is an interesting fact that at the last round, 
although the breech of the gun was blown out, the shot went up 
6391 yards. A 9-in, rifled gun, which at present is being pre- 
jared for Major Palliser by the Elywitk Ordnance Company, is 
expected shortly at Woolwich. The trial of this gun is looked 
forward to with much interest, and should it be successful, will 
establish the truth of Major Palliser’s theory, that—so long as 
the interior of a gun consists of a double-coiled wrought-iron 
tube, it is a matter of complete indifference whether the casing 
be composed of steel, cast iron, or wrought iron. 

Tux Norrn Moor Founpry Company.—This company, 
whose works are at Oldham, has been carried on by three 
partners, Messrs. Brakell, Hoehl, and Gunther, trading only 
under a private partnership. It is now to be formed into a 
company of limited liability,and already several gentlemen of 
great wealth and influence in Lancashire have interested them- 
selves in providing the required capital. 





ENGINEERING 1N InDIA.—The Times's Indian correspondent 
says that “ Sir A. Cotton’s representations of the practicability 
of his scheme for a new Ganges Canal from a point south of the 
Solani have led Government to appoint a committee of perfectly 
unbiassed officers to decide the vexed question of the superiority 
of the Madras to the Bengal school of hydraulic engineering. 
There is Colonel Lawford, R.E., from Madras, Colonel Fife, 
R.E., from Bombay, Mr. Leonard, C.E., the able engineer who 
is about to scour the Hooghly, and Mr, Sibley, who has done so 
well on the East Indian Railway. The Bengal engineers say 
that as no river can run up a hill, it will be impossible, except at 
too serious an expense, to cut a canal from the low marshes at 
the foot of the Himalaya up the slope, which is by no means 
gradual or continuous, of the Doab. The committee go imme- 
diately to Roorkee, where they will inspect the disputed country, 
study the levels, and collect evidence. Their decision is sure to 
be final. Meanwhile, that time may not be lost, all the prepa- 
rations are going on for carrying out Major Crofton’s plan of 
remodelling the old canal at a cost of little above half a million 
sterling. Sir. Beadon has been inspecting the works of the East 
India Irrigation Company in Orissa, with which he has expressed 
great satisfaction, as likely to prevent the recurrence of famine, 
and extend cultivation in what was in palmy native days, like 
Behar, a most prosperous province. Perle are not generally 
aware that, like the rest of Bengal ai Benares, Orissa has 
never had a permanent settlement of the land tax. Its thirty 
years’ settlement has just expired, and the Lieutenant-Governor 
was anxious to allay the apprehensions of the people by assuring 
them that though the new assessment must be raised owing to 
the rise of prices, the proportion of the new tax will, on the 
whole, be less than before.” 

A TRANSCENDENT INVENTION IN STEAM.—A correspondent 
encloses us the following paragraph, credited to the Spectator, 
and desires us to express our opinion upon it. The observa- 
tion relative to steam of 212° is one which an incompetent 
writer would;naturally make; the fin. cylinder is, we presume, 
an error of the printer. As for the rest of the paragraph, 
Mr. Danford has done nothing new, so far as the description 
goes, and we are sure his pretended achievement is wholly 
fallacious. Que of the first schemes of the kind ever proposed 
was that patented by McCurdy, June 15, 1824; and that 
patented by J. T. Paul, May 13, 1824, was of the same charac- 
ter. Since then the same thing, in’ various forms, has been 
patented scores of times. ‘‘ A curious gain of steam power and 
saving of fuel—which last saving alone should be welcomed by 
thuse who are auguring so tragic an end to England’s career, 
from the exhaustion of her coal—seems to have been discovered 
by a Mr. Danford, of Geneva, Illinois, and applied at Chicago. 
It has long been known that superheated steam, steam at a tem- 
perature far above the boiling point, is far more efficient than 
steam at 212°. Mr. Danford has applied this principle by 
enclosing a cast-iron globe, which he calls a generator, in a 
furnace, and pumping little jets of water into its centre, 
which never touch the side of the generator at all, but 
turn into steam immediately on entering, the steam being 
soon heated far above the boiling point. Hence there is little or 
no danger of an explosion, as the steam in the vessel, even at 
600° only exerts a pressure of 150 1b. on the square inch in a 
vessel capable of bearing a pressure of 50001b. on the square 
inch. With this steam he works his engine, which but for this 
process would be only a 5 horse-power engine, but which does 
the work of a 15 horse-power engine, with consumption of half 
the fuel. The engine was tried against a 15 horse-power engine 
with locomotive flue boiler, 4 in. cylinder and 15 in. stroke, with 
this result: 15 horse engine Danford’s generator 

and boiler. and 5 horse engine. 
Fire surface .  . ° 810 ft. 2 
Pressure per inch . ° 40 lb ° 110 |b. 
Coal consumed per hour. 101$lb . . 534 Ib. 
Water evaporated per hour 18 gals. .  . 25 gals. 
Corn ground per hour 18 bush... 27 bush. 
Danford’s generator actually got, it is said, 20 horse-power work 
out of an engine built for a 5 or 6 horse power. If this bea 
true account, it is one of the most magnificent practical inven- 
tions of the day.” 

Tue Mara AND ALEXANDRIA TELEGRAPH.—A new com- 
pany is to be formed to take over the present line, and lay a new 
cable between Malta and Alexandria. The Malta Times makes 
the following observations: “ The proposal is to lay an entirely 
new cable from Benghazi to Alexandria in deep water, as this 
is the part which has hitherto given all the trouble, and after- 
wards to carry a line from Malta or Sicily to Benghazi, which 
will thus duplicate the whole route. Ve have carefully in- 
quired into the causes of interruptions on this line, and we find 
that they have all arisen from the small or main cable, which 
was originally designed and made for depths of from 1000 to 
1500 fathoms’ water—between Falmouth and Gibraltar—hav- 
ing, by the exigencies of the service, been laid in very shallow 
water along the rough coast of Barbary, and all the faults have 
been occasioned by the rocky bottom gradually chafing and saw- 
ing through the cable, where the water was so shallow as to 
have the power to move it, generally in about 20 fathoms’ 
depth. In nocase has any change been found in the con- 
dition of the cable otherwise than that caused by the mechanical 
action to which we have alluded, and we are assured by those 
who understand these matters that had the cable bden laid io 
the deep water for which it was designed it would never have 
given any trouble, so that we look forward now with confidence 
to ws completion of the deep-sea section from Benghazi to Alex- 
andria.” 

BLow1nG Enoines.—A pair of blowing engines, coupled to 
the same shaft, has been just started at Messrs. Stevenson, 
Jaques, and Co.'s furnaces, at Middlesborough. We some time 
since noticed the blowing engine made from Mr. Beckton’s de- 
signs, for one of these furnaces. The new engines were made by 
Messrs. William Coulthard and Sons, of Blackburn, ‘rom Mr. 
H. C. Coulthard’s designs. ‘The same firm are commencing a 
pair of engines with air cylinders 9 ft. in diameter, the stroke 
being 4 ft. 6 in. 

Dutcu Enrerprise.—The great bridge over the Lek, which 
we some time ago described, has been contracted for by a Dutch 
firm of engineers, for about 153,000/. The bid of the Millwall 
Ironworks Company was about 184,000/. ; and that of Mr. George 
Underwood, of Liverpool, 154,0002. 
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“The Utilisation of Sewage,” by Baldwin Latham, C.E., 
Croydon. 
INTRODUCTION. 

Ir has been very clearly demonstrated that the life and health 
of communities is in a degree dependent upon the observance of 
certain sanitary measures. That there is a necessity for such 
measures has been seen by the early religious ordinances of the 
Jews and other nations, and confirmed by historians who have 
touched upon the internal arrangements and conditions of 
ancient cities and towns, and supported at the t day by 
the nearly unanimous opinion of medical men and by the statis- 
tical returns of this country. It is unnecessary, therefore, to 
enter into any argument or adduce any evidence as to the neces- 
sity of sanitary measures, as it may be taken for granted that 
the presence of atmospheric impurities, arising from the decom- 
position of animal or vegetable matter that may be allowed to 
accumulate in the midst of our populations, has a marked effect 
in extending the ravages or aggravating the character of a 
certain class of disease. It was the clear knowledge of 
the evils arising from harbouring decomposing matter in 
the vicinity or under our dwellings that has called forth, within 
the last quarter of a century, certain legislative measures, the 
objects ot which have been to give powers to local authorities to 
suppress the evils arising from cesspools and other abominations, 
and to sewer and cleanse the districts committed to their care. 
From remote periods, habits of cleanliness have been considered 
by some persons in every community as conducive to the pre- 
servation of health and life; yet communities, as a whole, paid 
little regard to sanitary measures, and it was not until cholera 
and other epidemic diseases had decimated our populations, and 
were still threatening us with their dire calamities, that the few 
sanitary reformers in our communities gained the ascendancy, 
and, under their guidance, a large number of towns have been 
sewered and drained which before were totally unprovided with 
any efficient system of drainage. At this period in the history of 
sanitary reform, the pioneers of the science were so impressed 
with the enormity of the evils arising from retaining decomposing 
matter in the vicinity of our dwellings, that they were led to look 
upon sewage as a nuisance to be got rid of as quickly as possible; so 
they poured it into the nearest stream or watercourse, in the hope 
that that stream would bear it harmlessly to the ocean, where 
it would be entombed for ever from sight ; but the result has been 
different from that expected. Nature rebels against the waste, 
and the waters will not willingly and without an effort engorge so 
valuable a material ; consequently we find it seething on the banks 
of our rivers, or returned by every tidal wave that rolls upon our 
shores, thus figuratively speaking to us in the strongest terms the 
true direction for its application. The benefits arising from the 
purification of the atmosphere, in every locality in which a 
thorough cleansing and sewering has been carried out, have had 
a marked effect in reducing the rate of disease and death ; yet, on 
the other hand, it cannot be overlooked that the measures adopted 
have tended very materially to add to the pollution of the rivers 
and streams of the country, and in a sanitary point of view, 
the purity of our water supplies is of so great importance that 
we shall not, as a country, reap the full advantage to be derived 
from sanitary measures until our rivers have been freed from the 
abominations poured into them. The attainment of this object 
is the more necessary, when it is considered that many large and 
pqweee districts are entirely dependent for their water supply 
rom rivers into which a large amount of sewage is poured, and 
that this sewage, which, in a river, is a bane to the country, 
would, under other circumstances, if properly utilised, go to swell 
the wealth of the nation. 


What is Sewage, and what is its Value? 

Literally sewage is the matter conveyed by sewers, and con- 
sists of waste water containing the liquid and solid excrements 
of men and animals, the soap refuse and washing from kitchens, 
&e., the drainage of slaughter houses, manufactories, and 
streets. The constituents of sewage vary considerably with the 
habits of our populations, and with the different systems of 
drainage and water supply in operation. So great is the varia- 
tion in the quality of sewage, that its chemical value cannot 
be satisfactorily ascertained except after a long course of 
experiments, yet though a difference will be tound in the 
8 of sewage as based upon chemical analysis, in 
few towns can it be said that the sewage is of so little 
worth, and the advantages of utilising it so small, as to 
render it not worth the trouble and expense of attempting ; for 
in settling the question of the utilisation of sewage, it must not 
be lost sight of that there are other and higher considerations 
than a direct money profit, which render it necessary, if not 
compulsory, to utilise the sewage produced by all populations, 
and, in carrying out these higher considerations, the persons to 
whom the duty is intrusted will find from experience that a 
proper and complete system of utilisation will generally give a 
fair remuneration in return for the trouble bestowed on the 
matter. But let it not be understood that sewage can always 
be profitably utilised: there are exceptions to every rule; and 
in carrying out the works necessary for the purification and 
utilisation of sewage, it is ible either to expend too much 
capital at the outset, or the works may be so arranged that 
heavy working expenses may swamp the whole of the pecuniary 
gains. In all works for the utilisation of sewage, simplicity is 
the great object to be attained; and it is surprising how nature 
will assist and aid the simple efforts to aid her in the fulfilment 
of her purposes, whilst, on the other hand, the most expensive 
systems, if not in accordance with the simple teachings ot 
nature, must turn out to be failures. ; 

The value of sewage has been variously estimated by different 

rsons, and under different circumstances, and in giving the 
‘ollowing estimates of the value of the constituents contained in 
sewage, it must be fully understood that the value realisable for 
sewage is totally distinct from the money value of its constituents. 

Baron Liebig has estimated that one ton of London comp 
worth 1.84 pence per ton, guano being 7/. 14s. per ton ; are - 
ing to this estimate, the annual value of the somes of London, 
when calculated, is equal to 15s. 4d. per head of the population. 
But as Baron Liebig states that 828 tons of sewer water are 
equal in value to one ton of Peruvian guano, and as he com- 
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res the value of the constituents of sewage with the value uv. 
the constituents of guano at the present marketable price of 

ano, the sewage must have a value of neatly double that 
which the learned baron assigns to it. 

Dr. A. W. Hoffmann calculates that the suspended matter in 
sewage is worth 15s. 3d. per ton, while the solid residuum from 
the dissolved matter is worth 5/. 5s., and that all the consti- 
tuents of sewage when reduced to a solid form are worth 
61. Os. 3d. per ton; that one hundred tons of sewage as dis- 
charged from the London sewers are worth 17s. 7d., or 2s. 23d. 
for the suspended matter and 15s. 4}d. for the dissolved matter ; 
at this rate, a ton of sewage is worth rather more than 2d. per 
ton, or the annual value is worth 17s. 7d. per head of the popu- 
Jation, provided 100 tons correctly represents the amount of 
sewage due to one individual, and which there is every reason to 
believe is correct in the case of London, but the actual figures 
calculated by him from the total value of the London sewage, 
gives 10s. 8d. as the annual value per head of the population. As 
Dr. Hoffmann calculates the total value of London sewage is 
1,385,540/. per annum, and as this sewage is produced by 
2,600,000 persons, and is calculated in bulk at 266,000,000 tons, 
it must-be quite evident that either the total value of the sewage 
is below the value, or, what is more probable, the 2d. per ton is 
too great a value for the sewage. Messrs. Hoffmann and Witt have 
estimated the value of the animal voidings of an adult male as 
follows: 








Solid matter. Ammonia, Value. 

Ib. Ib. 4 

Urine..,.....+ - 61 15.8 10 O04 
Feeces...... 34 2.3 1 8} 
95 18.1 11 9} 


Dr. Thudichum estimates the value of the urine of an adult 
male as follows: 


Solid matter. Ammonia. Value. 
Ib. Ib. a @ 
47 15.9 10 3k 


and that 2,800,000 persons of a mixed population are equal to 
2,000,000 adults. A mean result of the estimates of Messrs. 
Hoffmann and Witt and Dr. Thudichum, as taken by the, “ com- 
missioners appointed to inquire into the best mode of distributing 
the sewage of towns, and applying it to beneficial and profitable 
uses,” gives the value of each individual of a mixed population as, 





Ammonia. Value. 

Ib. a ¢& 

i ssiatinentdakondaadn 11°32 7 8 
PRONE. .ccsaccescsesceccee 1.64 1 23 
Total 12.96 8 52 


and an estimate made by Messrs. Lawes and Dr. Gilbert tends to 
show that the average value assigned in the estimates of Messrs. 
Hoffmann and Witt and Dr. Tnudichum is in excess of the value 
of .the sewage ; and they consider that the amount of ammonia 
probably contributed to the sewers by a mixed population, in- 
cluding the supply from all sources, does not exceed 124 lb. per 
head of the population, and that the annual value is 8s. 4d. per 
head of the population, so that if this 8s. 4d. worth of manure is 
contained annually in 100 tons of drainage and rainfall water, it 
will give the sewage an average marketable value of 1d. per ton. 

Professor Way estimates the value of the sewage of Rugby, at 
from 1d. to 14d. per ton; but be considers the constituents of 
London sewage are not worth 144. per ton. 

Professor Voelcker estimates the intrinsic value of one ton of 
sewage at 2d., but that this theoretical value of 2d. per ton is 
practically greatly reduced, and in some instances would be 
altogether lost. 

Mr. Lawes estimates the value of the sewage of Rugby at 
1}d. per ton. , 

Sir C. Fox estimates the value of sewage at 1} per ton. 

W. Hope, Esq., estimates the commercial value of the sewage 
of London at 1d. per ton; he also computes the annual value at 
6s. per head of the population. 

J.J. Mechi, Esq., gave it in evidence before the select com- 
mittee on the sewage of towns that he estimated the annual value 
of sewage at 16s. per head of the population upon the assumption 
that the value of the sewage was equal to one-tenth the value of 
the food consumed, which value he set down at from 7/. to 82 
per head of the population. 

Mr. Ellis estimates that the value of a ton of sewage is 2d. as 
compared with the guano at 11/. per ton, on the principle that 
1250 tons of sewage contains as much fertilizing matter as a ton 
of guano. : 

Mr. Morton, in his interesting and valuable paper on sewage 
read before the Society of Arts, calculated that, in applying sewage 
inthe meadows of Edinburgh, not more than 34. per ton is 
realized. If Londan sewage was utilized at the same rate, it 
would give an annual return of 6s. 3d. per head of the population. 

The commissioners appointed to inquire into the distribution 
and utilisation of sewage have calculated that at Croydon, after 
deducting 47. per acre as the estimated value of the land, that in 
the cultivation of rye grass $d. to 1d. is realised, and in the 
cultivation of meadow grasses id. to ?d. per ton is realised. The 
value of sewage has generally been estimated by the amount of 
fertilising matter present in it, and this value has been asserted 
by various persons to lie between 1d. and upwards of 2d. per ton. 
Yet it is quite possible all parties may be correct when the vari- 
ubleness of the article to be dealt with is considered; so that, 
owing to this very changeability of character, in estimating the 
value of sewage, it will be well always to compare it with some 
fixed standard. For this reason, the author considers that, in 
estimating the value of the constituents of sewage, it is far better 
to estimate it by the number of persons contributing to the 
sewers than by the price per ton of sewage ; because, once ascer- 
tain what is the value of the sewage of one individual of a mixed 
population, you have a standard which, if not correct, is more 
correct than the value per ton when it is intended to be used in 
the ease of towns in which there exists no reliable analysis of the 
Sewage ; mnoreover, the value of sewage of any place, when based 
Upon its analysis; can only be correctly arrived at after a long 
and expensive course of exper iments, and although the value of 


a correct analysis of the sewage cannot be over-estimated, and 
in the case of some manufacturing towns where it is necessary 
that something more than the amount of fertilising matter 
wey in the sewage should be ascertained, it becomes abso- 
utely indispensible, yet, as a general rule, once ascertain the 
value of the constituents of sewage as contributed by one indi- 
vidual of a mixed population to the sewers, and you have a 
standard of value which is easy of application in every case. It is 
true that the value of the fertilising matter is ape upon the 
social position and habits of the population furnishing the sewage, 
and is greater in the case of an opulent district than a poor district, 
so that, in fixing the average value, it will be well to err on the safe 
side than that our calculations should lead to financial failure when 
other results were expected. The annual voiding of one indi- 
vidual of a mixed population, as based upon the mean estimates 
of Messrs. Hoffmann and Witt and Dr. Thudichum, gives, in 
round numbers, 8s. 6d. as the value of the fertilising matter pro- 
duced ; yet it must be quite clear that the whole of the fertilising 
matter does not find its way to the sewers, as, in the most per- 
fect arrangement, some loss will occur. On the other hand, in 
addition to the voidings,of the people, there is a vast amount of 
fertilising matter from ‘Jer sources that finds its way into the 
sewers. From the observations that have been made on the 
sewage of London, it is probable that the amount of fertilising 
matter which finds its way into the sewers from all sources is 
about in value equal to that of the annual voidings of the popu- 
lation, or, say, 8s. 6d. per head. This theoretical or chemical 
value of 8s. 6d. per head of a mixed population is 2d. in excess 
of the value assigned to it by the commissioners appointed to 
inquire into the distribution and utilisation of sewage. For all 
practical purposes the estimate of the Sewage Commissioners 
may be taken. Having decided that the standard value is 
8s. 4d. per head, it will be a simple matter for calculation in 
every town what returns are likely to be realised from the dis- 
posal for agricultural purposes of its sewage. Under some cir- 
cumstances and in favourable seasons it is probable that the full 
value in agricultural produce may be realised from its useful 
disposal, because sewage has a value for some purposes distinct 
from its chemical composition, which value will be considered 
hereafter; but, as a rule, it may be taken for granted that its 
theoretical value cannot always be realised, as in every case 
the cost of transportation and distribution must be deducted 
from its theoretical value before. the actual returns can be as- 
certained. 
Value of the Water of Sewage. 


Water is the vehicle that transports the fertilising matter 
contained in sewage through our drains and sewers eventually 
to be dealt with 4 the agriculturists. To a mind trained 
under the present practices of ‘the agriculturists, the pre- 
sence of so much water as is contained in sewage is looked 
upon as baneful rather than of value, and its effects, if poured 
upon land throughout the entire year, are considered to be 
ruinous ; yet, when tested in the unerring school of experience, 
how different are the results; and when the facts are fully 
considered, it is obvious that the very presence of water has a 
value. When fertilising matter is conveyed to the crops in water, 
the operation is so simple that the labour that otherwise would 
be required in spreading a solid manure is dispensed with, 
while the fertilising matter is equally and uniformly distributed 
with almost mathematical certainty. 

When the fertilising matter is received in water to a great 
extent, any loss by evaporation is checked, and the loss that often 
occurs in the application of solid manures from adverse weather 
is diminished, if not banished, while the matter held in solution 
by the water is at once presented to the plant in a state ready 
for assimilation ; the plant, having its food ready prepared for it, 
grows rapidly, and as the period of growth is greatly shortened, 
a greater number of suitable crops can be taken from the same 
ground in a season under the irrigation system than under the 
ordinary processes of farm manuring. The obvious difference 
between the system of manuring with solid manures and liquid 
manures is this, that the solid manures are applied to the land, 
while the liquid are applied more directly to the plant in both 
cases. The land is the medium of applying the nutriment that 
goes to build up the tissues of the plant; but if a given amount 
of fertilising matter in a dry and also in a liquid state is applied, 
the liquid manure is at once food for the plant, while delays 
must take place before the solid manure can be assimilated by 
the plant; for solid manure must lie exposed to atmospheric 
influences until it has become soluble, and then it must be taken 
into solution by water before it is food for the plant; so that it is 
quite obvious, all other matters being equal, that a greater 
number of crops can be taken from the same area of land under 
the liquid manure system than under the dry manure system, 
and which is equivalent to an increased area of land, but with 
this advantage, that there is but one rent or first charge upon 
the land. 

Water alone has been found to have aremarkably stimulating 
effect on the growth of plants. It may be said of a plant that 
it lives and grows by drinking, and not by eating; ‘for a plant 
is not like an animal, endowed with special organs to dissolve 
the food and make it ready for absorption; this preparation of 
the nutriment is assigned by another law to the fruitful earth 
itself, which in this respect discharges the functions performed 
by the stomach and intestines of animals.”* It is of no use to a 
plant if the soil contain all the constituents it requires to pro- 
mote its growth, if they are not in such a state as can be made 
available; and the first requisite is that they must be soluble, 
and the second requisite is the presence of water, for water is 
the vehicle that conveys nutrition alike to the plant and animal. 
The quantity of water that enters the roots of a plant is so 
great that the fertilising matter held in solution is in a state of 
extreme dilution; and, in fact, a concentrated solution of fer- 
tilising matter acts upon a plant in an analogous manner to an 
atmosphere of pure oxygen upon a living animal—in short, it 
stimulates it to death. Water then modifies the stimulating 
property of fertilising matter, and tends yp? goane a steady 
and healthy growth, just as the nitrogen of the atmosphere 
modifies the stimulating properties of the life-giving oxygen. 
The amount of water evaporated or exhaled by a plant may be 
arrived at from an experiment made by Bishop Watson, who 
found that on a light and hot sunny day, when there had been no 








rain for a month, plants of grass evaporated water in twelve hours 
equal to.035 in. in depth on the surface that produced them ; 
a sumilar experiment after a thunder storm gave .087 in. Calen- 
lating from this latter quantity, when the ground is moist, a 
plant of common grass will evaporate water at the rate of quite 
ten tons per acre per day, and assuming that this rate was only 
carried out for one-half the year, it would equal 1800 tons per 
acre annum, such is the enormous quantity of water 
requisite to keep up the healthy growth of the plant, which at 
once testifies to the advantage of furnishing it by artificial 
means when required. Water has a beneficial effect in render- 
ing soluble the inorganic constituents of the soil, and so con- 
verting them into food for the plants. It is well known that a 
plant a discriminating power of selecting from the soil only 
such food as is suitable for its growth, therefore any matter that 
remains in the vicinity of the roots, and which is not required 
by the plant, acts injuriously, if not removed, by taking the 
place of matter suitable for the growth of the plant. Now 
‘water, in circulating, as in irrigated meadows, has the power to 
wash away these particles of matter, which, when in excess, the 
earth looses its attraction for, consequently they are removed 
without injury to the land. The circulation of water on the 
face of an irrigated field has the property of protecting a plant 
from the frost, provided the water is kept on constantly during 
the entire period of its duration; and the reason for it is this, 
that it requires a much more severe frost to freeze water in 
motion than when stagnant, and it is equally obvious that 
water preserves a higher temperature tan bend frozen ground, 
so that a plant is much better protected when enveloped in 
water than when exposed to the open air. Water itself 1s also 
food for plants, as a certain amount of water is decomposed in 
sing through the tissues of the plant, and which goes to 
uild upits fabric. The objects of the agriculturist are fulfilled 
in the application of liquid manure with more certainty than 
under the dry system of manuring, as the greatest quantity of 
animal and vegetable food can be produced from a given area 
with far greater certainty and economy. 


Value of the Temperature of Sewage. 

Sewage has a ys value distinct from the fertilizing matter 
it contains, and also from the water that transports it ; and this 
is its temperature. The value of its temperature cannot be over- 
estimated in a country similar to this, in which extreme changes 
of atmospheric temperature often suddenly take place, and which 
injuriously affect both plants and animals. 

The value of the high temperature of sewage is more particu- 
larly demonstrated in the depth of winter and during long and 
continuous frost. It is rather a remarkable circumstance, that 
when the greatest degree of temperature is required, the sewage 

ses it, that is, the temperature of sewage has been found 
% the author to increase with the period of duration of frost ; 
this is probably owing to the stagnation of surface water, and 
also to the habits of the people, as much less cold water is used 
in the depth of winter than at other times. So great is the value 
of temperature, that a crop under sewage irrigation may be seen 
growing even at the time of a severe frost. ‘Ihe author, from an ex- 
periment made during the winter of 1864 upon the irrigated fields 
at South Norwood, and carried out during a period of severe frost, 
was enabled to cultivate a crop of rye grass, which was only sown 
in the early part of the month of November; and when measured 
at Christmas the same year, the plant was found to be six inches 
in height, and was then growing luxuriously; and during the 
following year that crop was cut six times, the last of which was 
within one week of Christmas-day, 1865. During the experiment 
of the winter of 1864, in every case in which the sewage was 
applied, it had a temperature, in the coldest season, some degrees 
above that of the atmosphere, but not such a high temperature 
as the water used in another—the sewage-irrigated farm of Bed- 
dington, also under the author’s direction. The temperature of 
sewage will be found to vary with the circumstances affecting 
the supply of water. Thusin a town supplied with water fronvan 
artesian well, its sewage will have a higher temperature in 
winter, and a more uniform temperature at all periods, than a 
town supplied from a river or collecting area. Again, a town 
having but a small quantity of sewage to deal with, that sewage 
cannot be preserved at so high a temperature as a town in which 
the mass of sewage is great, as, during a cold season, the circum- 
stance of exposure affect a small quantity much more readily 


than a large mass. ; 
(To be continued.) 








GaAe’s Prorectrep GunrowpER.—Extensive works are to 
be established at Woolwich for the preparation of glass dust, to 
be mixed with gunpowder, according to Mr. Gale’s mode of pro- 
tection. ‘These works will be planned by Mr. C. W. Siemens, 
The sand, brought from the neighbourhood of Woolwich, will be 
fused, in heaps, in the regenerative furnaces, and the crude glass 
run out into water. The glass will then be pulverised in revolv- 
ing horizontal cylinders, within which a few cannon-balls will be 
placed, and left to roll about; and the grist, if we may use the 
term, will be assorted into different degrees of fineness, by being 

laced upon a horizontal disc, in rapid revolution, the centrifugal 
orce throwing the particles of glass, according to their size, into 
a series of concentric receptacles surrounding the disc, and placed 
slightly below it. Mr. Gale’s mode of protecting gunpowder, as 
most of our readers are aware, is by mixing with it three or four 
times its weight of ground glass. The mixture will not explode, 
although all the powder may be gradually burnt out of it. The 
difference in the specific gravities of the substances is such, that 
the gunpowder may at any time be readily separated from the 
glass when the former is required for use. j 

Lanp Ly Lonnon.—No. 1 St. Paul’s-churchyard, comprising 
only 412 square feet, has been valued by a jury, in a claim 
against the Commissioners of City Sewers for compensation, at 
10,4822. 17,0822. were asked. ‘The sum awarded was ata rate 
considerably over 1,000,000/. per acre. 

Roman Ratbwayrs.—The railway from Rome to Ancona is to 
be opened during the present month. With the exception of the 
break of 45 miles at Mont Cenis and the 22 miles of the Eng- 
lish Channel, there will then be railway communication froin 
London all the way to Naples. The Pope objects to railways. 
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InTERNAL Corrosion or Bormers.—Mr. Fletcher, the 
engineer to the Manchester Boiler Association, thus calls atten- 
tion, in his last monthly report, to a case of internal corrosion:— 
“The peculiarity in the case noted as dangerous, under this 
head, consists in the manner in which the rivet heads were 
attacked, while the plates at the same time were severely honey- 
combed, the indentations varying from } of an inch in diameter 
and ,.of an inch in depth, to 2 in. in diameter and } of an inch 
in depth, while the original thickness of the pe was only § of 
an inch. The rivet beads at the bottom of the boiler were s0 
eaten away and weakened that a slight blow with a hand chisel 
only sufficed to break them off, and our inspector in this way 
found he could easily remove them by the dozen, and brought 
away two or three good handfuls as specimens. It is surely un- 
necessary to enlarge on the untrustworthiness of seams of rivets 
attacked by corrosion as these were, while the condition in which 
this boiler was found to be shows the importance of frequent 
internal examinations, in order that the effect of the water on the 
boiler may be watchell, and soda promptly introduced with the 
feed as soon as the slightest tendency to corrosion manifests itself. 

Sreet OxpNaNce.—A large and snecessful manufacturer of 
or now on 4 visit to St. Petersburg, and who had previ- 
ously stayed for a month at Berlin, writes us as follows: ‘I find 
cast steel cannon of above 64 in. bore are not satisfactory, and 
searcely better than east iron, A Krupp 8in. gun burst —- 
the fifty-fourth fire, and another one at the hundred and fifth 
tire, with 30 lb. of powder, not exceeding in value 50 per cent. 
that of the English powder. Besides, all the east steel guns 
made here of small calibres burst, and they are but a repove 
from cast iron, ‘They are in trouble here about guns, —s 
built two large cast steel gun factories, at a cost of four m) th 
roubles, which, so far, have produced no good gua. The trut) 
is, cast steel for guns has altogether failed. The Prussia 
Government, having experience with Krupp’s guns, are now 
making 8 in, guns of brass.” 
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BOMBAY WATERWORKS. 

In 1852, before the great importance of sanitary im- 
provements had been recognised generally Guvaghons 
India, the municipal committee of the town of Bom- 
bay called for a report of its sanitary state and re- 
quirements, and the duty of drawing up the report was 
entrusted to H. Conybeare, Esq., superintendent of 
repairs to the Bombay Board of Conservancy. 

At the above date the town of Bombay contained 
about half a million inhabitants. Any data upon 
which to draw up a scheme for sanitary reform were 
altogether wanting ; there was not even any trust- 
worthy census or annual mortality return, and no com- 
plete or systematic surveys or levels had ever been 
taken of the town. In the absence of any such data, 
however, it was not unreasonable to conclude that 
(arguing from English sanitary statistics) if it be shown 
that the existence of open drains and cesspools, &c., in 
a crowded town invariably occasions a certain, specific, 
and very considerable increase in the mortality of their 
neighbourhood, similar nuisances should prove even 
more deleterious when exposed to a reser sun, in an 
atmosphere so surcharged with moisture as that of 
Bombay, and that, too, in a town so overcrowded as 
regards the number of square yards to each inhabi- 
tant, far beyond all European precedent. In all large 
towns every part is not found to be equally healthy, 
the annual death rate being far less amongst the inha- 
bitants of first-class houses than amongst those who 
live in confined alleys and courts; but in Bombay the 
difference between the death-rate in the healthiest and 
most unhealthy districts was found to be considerably 
greater than in any towns of England: thus, as far as 
the returns obtainable could be relied on, the death- 
rate of the Fort (the only district which was altogether 
provided with covered drains) was only 9.9 per 1000, 
while that of some of the subdivisions of the native 
town, where open drains, or rather receptacles for 
every kind of filth, abounded to an extent unparalleled 
elsewhere, was as high as 60 per 1000. Out of the 
entire population of Bombay, 337,169 occupied the six 
urban subdivisions of the native town, containing 
6659 acres, or an average of only 9.5 square yards to 
each inhabitant, which is only about one-thirteenth of 
the English average. The whole of Bombay, including 
the Fort, was found to contain only 14 miles of sewers 
and 130 miles of road; what sewers there were, too, 
were not water-tight, and were laid close to the surface 
of the roads, so that, owing to the dryness of the 
climate, the thirsty soil abstracted all the moisture 
within its reach, and the consequence was that the 
sewers were found to contain a very large proportion 
of solid matter, which had to be for ift by hand. 
The average annual expenditure by the Board of Con- 
servancy amounted only to 21,320/., and the actual 
progress of drainage works averaged less than 2 miles 
per annum. 

Under such circumstances it was not to be wondered 
at that the death-rate of Bombay should have been 
high when compared with that of English towns; but, 
in addition to the defective sewerage, other circum- 
stances tended to increase the ratio of mortality, and 
amongst the most important and prominent of these 
might be ranked a defective water supply. 

Although measures for the general sanitary 1mprove- 
ment of Bombay were not seriously entertained until 
the year 1852, the very great scarcity of water there 
in 1846, owing to the pany of rain during the pre- 
ceding year, necessarily led to the consideration of 
measures to be adopted with a view of securing at all 
seasons a plentiful supply of wholesome water. No 

rmanent works were at that time put into operation ; 

ut in order as far as possible to ensure an adequate 
supply of water for the current season, the public 
tanks and wells were placed in charge of the police, 
with the view of preventing waste or pollution; tem- 
porary wells were opened in different parts of the 
splanade, to provide additional places from which to 
draw water when its scarcity began to be felt, and an 
opening, 20 ft. square was constructed into which the 
water from a number of washerwomen’s weils on the 
Esplanade, near the Native Town, were filtered; a 
a put to the appropriation of water in public 
ks and wells to purposes of irrigation, and the water 
standing in certain quarries in the island was secured 
to the public. The shipping also was prohibited from 
laying in their water at the Presidency, and was there- 
fore obliged to obtain supplies from the opposite coast, 
and from the neighbourmg islands of Elephanta and 
Kenera. Special constables were appointed to guard 
certain private wells, and a dam was constructed to 
keep out the sea from a freshwater spring in the sand, 
towards the north end of the Colaba causeway, so that 
it might be kept pure for drinking purposes. 





The above measures, being merely of a temporary 
character, served but to mitigate the evils of a drought 
for the season. Officers were deputed to examine 
sites for reservoirs, and submit schemes whereby some 
permanent provision might be made against the recur- 
rence of a similar visitation ; but by 1850 no such pro- 
vision had been made, or even commenced, and the 
fall of rain during the monsoon of that year was so 
scanty that serious apprehensions were entertained of 
great distress amongst the population of Bombay from a 
scarcity of drinking-water during the ensuing hot 
season. In 1845, the year preceding the previous 
drought, the fall of rain amounted to ~. 54.73 in.; in 
1846, it was 87.48 ; in 1847, 67.31; in 1848, 73.42; 
in 1849, 118.88, and in 1850 it was as low as 47.78 in: 
Measures similar to those adopted in 1846 were at 
once put in force, and the experimental construction 
of a small reservoir on the Esplanade, with diverging 
channels into the red sandstone, was commenced, for 
the purpose of ascertaining whether by such means 
a eulhenad quantity of water could be obtained for the 
future supply of the town. 

Again in May, 1854, the people of Bombay were 
suffering from the effects of a scarcity of water. A 
large portion of the wells in the island were wholly 
exhausted, and in all the remainder there was a great 
deficiency : thus, for example, out of one hundred and 
thirty-six tanks and wells, but thirty-seven contained 
any water, and of that number eight only contained 
good water, that in the others being green, bad, dirty, 
and brackish. The scene at the wells at that time 
can hardly be described ; they were literally besieged 
night and day by crowds, each person carrying a 
canvas bucket, and clamorously struggling for a place, 
in which women and infirm persons naturally con- 
tended at a great disadvantage. With a view to 
obviate extreme calamities, and mitigate as much as 
possible existing distress, water was introduced into 
the island in casks, and both the railway and shipping 
were employed in that service. 

Many of the tanks and wells in Bombay owe their 
existence to private native liberality. That the natives 
of India consider the construction of such works not 
only an act of benevolence, but also one of religious 
merit, is proved by some of their writings, of which 
we subjoin a few translated extracts. From the “ Vish- 
noodhurmotéré Pooran:” “No satisfaction is felt 
without water in the three worlds, heaven, earth, and 
hell; therefore, a wise and learned man should cause 
reservoirs, tanks, wells, &c., to be made.” From the 
“Yama Pooran:” “A person that makes wells, gardens, 
establishments for distribution of water, also he that 
causes trees to be planted, gives his daughters in mar- 
riage to others, causes bridges, dams, &c., to be made 
over rivers, and all these for charity’s sake, obtains a 
perpetual bliss in paradise.” ‘Also a person in whose 
pond or lake there is a constant supply of water, ob- 
tains perpetual felicity without question.” From the 
* Bhuvishyotara Pooran ;? ‘“O thou son of Kunti, get 
large supplies of water made at the sacrifice of your 
whole property; for the man at whose reservoir the 
cow becomes satiated of her thirst, becomes the pre- 
server of -his family.” 

Before the construction of waterworks, the tanks 
and wells in Bombay derived their supply of water 
principally from the water-bearing strata of the island, 
which consist of moorum or laterite and a littoral con- 
crete, the former resting on a retentive -stratum of 
rock, the latter, usually one of clay. In some cases 
the arrangement of the various strata, is such as to 
convey to one locality, in the shape of springs, water 
which has fallen as rain over a wide extent of country 
many miles distant. Some springs continue to flow all 
the year round, others become exhausted after a con- 
tinuance of dry weather. Perennial springs are of 
course much rarer in countries, as in India, where a 
short rainy season is succeeded by many months of 
continuous dry weather, than in countries situated 
within the zone of constant precipitation, in which the 
rainfall is distributed over the whole year. None of 
the water in the public tanks, with the exception of 
that of Framjee Cowasjee, on the Esplanade, could be 
considered wholesome, as they were all more or less 
filled by drainage, at the best times impure and subject 
to the taint of a large town. : 

From Fort George,northward to Mazagon, the water- 
shed of the eastern side of the island of Bombayis com- 
posed of a mass of trap rock, varying from 16 to 60 ft. 
in height above high-water mark. The wells in this 
eos of the town, which comprises the suburbs of 
Mazagon, Oomercary, Mandoee, and the eastern por- 
tion of the Fort, were generally mere reservoirs of rain- 
water. Springs are occasionally to be met with, but 
the majority of them are very brackish immediately 





after the rains, and become quite salt before the end of 
the hot season. The trap formation has its line of 
water-shed very close to the harbour margin, and after 
oo declining towards the west for about 
350 yards, it again dips beneath the surface, and is 
overlaid by a porous stratum of moorum or laterite, 
and this is again covered by a thin stratum of stiff clay, 
known as the Langoon formation. The Moorum for- 
mation is very porous, and the rock on which it rests 
is generally impervious and retentive. The moorum is 
consequently a water-bearing stratum wherever it 
attains any depth, but from being generally below 
high-water mark, and having been until the present 
century overflowed at high water, it is in many places 
so impregnated with salt as to render the water stored 
in it of little use ; the salt is, however, being gradually 
washed out of the lower portion of it, and the upper 
has always contained sweet water. Along the bottom 
of the eastern escarpment of the Malabar hill ridge, 
this Moorum formation contains the best wells in the 
island. In the market, Dhobee Talao, Girgaum, and 
Chowpatty subdivisions, the retentive clay stratum, 
known as the Langoon formation, sinks below the sur- 
face, and is overlaid by a highly porous formation of 
littoral concrete, which contains, in proportion to its 
thickness, an enormous quantity of water, and is 
riddled with wells. These wells are not sunk quite 
down to the Langoon formation, for fear of reaching 
salt water. 

In sinking wells in many parts of the island, parti- 
cularly at Mazagon, Byculla, and the new and old 
town districts, though springs are to be expected, it is 
quite a lottery whether those reached will be salt or 
fresh, as there are instances of two wells in the same 
garden, and within forty yards of each other, con- 
taining the one good water and the other water too 
salt for use. Sometimes the salt is merely an impreg- 
nation of the soil, which becomes washed out after the 
well or tank has been drawn for a few years, and the 
water then becomes sweet. ‘The wells in Colaba are, 
with one or two exceptions, in trap rock, like those 
of the town, and are generally little more than reser- 
voirs of rain-water, drying up, if drawn upon, as the 
season advances. Besides these wells, some of the 
native houses of the best -class have extensive reser- 
voirs beneath them, into which the rain-water from the 
roof is collected. 

In point of numbers and capacity the wells and 
tanks of Bombay would have proved amply sufficient 
had they been available for public use all the year 
round. For some time after the monsoons the supply 
of water continued abundant, and, in the wells, of 
good quality ; but as the season advanced the majority 
of the wells and many of the tanks dried up, and the 
water remaining in the few of the latter that contained 
any became too contaminated with organic impurities 
to be used with impunity for drinking purposes 
without filtration. ater was, however, always 
abundant in the wells of the littoral concrete of Chow- 
patty, Girgaum, and the Oart districts, in those on 
the east side of the Esplanade, and in many of the 
wells in the Fort; but towards the end of the dry 
season the old and new town districts mainly had to 
depend for their supply of water on underground 
aqueducts, which conveyed the —— of the 
Oart districts to the reservoirs at Duncan-road, Poy- 
downee, and Musjid Bunder. 

Rain-water, when stored in open tanks in the town, 
always became rapidly contaminated, and an esta- 
blishment had to be kept up for removing the so-called 
“vegetation ” from its surface. During the monsoon 
of 1852 these tanks were covered with a floating green 
slime, which, on examination, proved not to be vege- 
tation, but an aggregation of myriads of little green 
animalcule, called the Monas grandis. By the 
close of the following hot season the amount of de- 
composing animal matter in the tanks became enor- 
mously increased, and the evolution of gaseous gee 
proved too great for the existence of animal life, and 
that to such an extent that labourers had to be em- 
ployed in removing dead fish from the waters. 

The three most promising schemes submitted for 
securing a permanent supply of water to Bombay 
were, ]st, the construction of a cut-stone well or 
reservoir in the sandstone formation of the Esplanade, 
with long feeding channels cut into the sandstone, 
and filled with loose rubble stone, through which the 
water would filter continually, and keep up a supply 
within the reservoir; 2nd, the collection of the sur- 
face drainage of the Malabar-hill in a reservoir situated 
at the foot of the hill, and, 3rd, by forming a reservoir 
near Vehar, in the island of Salsette, by throwing a 
dam across the Goper Valley, and conveying water 
thence to a reservoir in Bombay by about sixteen 
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miles of iron pipes. The last of these schemes seemed 
to promise the most favourable results, and has since 
been undertaken and completed under the direction of 
Mr. Conybeare. 








RECENT PATENTS. 


SeveRAL of our contemporaries publish weekly or 


monthly lists of the patents issued for inventions. We 
do not, but we by no means overlook patents. Regu- 


larly, every Saturday, we go through the patent blue 
books printed during the week, and we may assure our 
readers that if we find anything worthy of notice, they 
are certain to see it in our pages. Asa rule, however, 
but little that is useful can be inferred from the mere 
issue of a patent. The invention, even if it has been 
tried at all, has not, in most cases, been tested with 
definite results, or if it has been, there is no available 
evidence as to what these results were. Now and then, 
we come across a specification which carries upon its 
face the presumption of a real improvement. We need 
not stop, however, to say what these are. Our present 
purpose is merely to say that last Saturday we went 
through the weekly batch of blue books, and that we 
found nothing which we could seriously offer to the at- 
tention of our readers. But we need not be altogether 
serious, and we may furnish some amusement by 
quoting from certain of the provisional specifications 
which we came across, and which, from lack of faith 
or funds, the inventors did not prosecute to the consum- 
mation of complete patents. 

Mr. Balk, late of Ipswich, and now residing in the 
kingdom of Hanover, has recorded a singular idea. 
He wishes to form the interior surfaces of blast fur- 
naces in such a manner that as they wear away they 
can be restored without the necessity of stopping for 
repairs. Here is what he proposes : 

“The invention consists in applying rollers at those 
yarts of furnaces which are most liable to wear or to be 
eect out; these rollers are arranged to be capable 
of being turned so that the surfaces which have formed 
part of the interior of a furnace for a time, and beeome 
thereby burned and worn, are turned away from the 
interior, whilst other parts of the rollers which are new 
or have been restored or re-made are at the same time 
turned inwards; by which arrangements and construc- 
tions of furnaces the parts most liable to wear are 
readily restored without stopping the furnaces, whilst 
the parts of the rollers which have for a time been in- 
terior of a furnace can when turned outwards be again 
restored or re-made. The joints of the rollers or places 
of contact with the other parts of the furnace where 
the rollers are situated are repaired and luted so as 
readily to make all parts sound after turning a roller.” 

Of course we must guard ourselves against the charge 
of scoffing at ideas of latent value, but we think those 
who have to do with blast furnaces will smile upon 
their own account, without asking us to set the ex- 
ample, on reading Mr. Balk’s statement of his inven- 
tion. Fancy a furnace blown with a pillar of blast of 
3 lb. or 41b., and imagine the turning of one of these 
rollers after 6 or Sin. had been burnt off one side! 
The luting would be something wonderful in its way, 
which would make the furnace whole after being thus 
turned inside out. 

Claude Jacquelin, junior, of Paris, has placed upon 
record one of those curious specifications — so 
thoroughly French, by the way, for but few English- 
men record such notions—“for gaining or acquiring 
motive power;” in other words, for a perpetual mo- 
tion. Unless we quote Jacquelin’s specilication in 
full, we may be charged with injustice, or something 
or other. So we give it ‘x extenso, albeit that it is a 
little long: 

“ My improved vertical machine is composed of few 
pieces to avoid unnecessary friction which would lessen 
its power. ‘lwo principal wheels placed on the same 
axle turn in the same direction, the wheel No. 1 being 
completely immersed in a cistern or tank flat at the 
sides, and rounded at its circumference in the direction 
of its breadth for the lodgmeut of balloons (filled with 
compressed air), in such wise that they will always be 
kept under the teeth of the saic wheel. This tank is 
at its upper part in communication with a feeding 
basjn separated from the tank by a grating, and which 
maintains the water constantly at one level so as to 
compel the balloons to fall into the channel by which 
they are to descend on to wheel No. 2. At the lower 
part of the tank is a throttled part, which will not per- 
mit more than one balloon at a time to come under the 
teeth of the wheel. Beneath this throat the tank ex- 


tends along the hind part of the table of the machine, 
aud ends in a sort of tail piece, which hermetically 
closes a groove in the table which is permanent at this 





spot, and prevents the water from escaping. This said 
wheel No. 1 is composed of movable teeth, which by 
the aid of counterweights, hidden in the framing of 
the wheel, rise and fall accordingly as they approach 
or recede from the centre of gravity of the wheel, thus 
the teeth are lifted only on the side where they receive 
the balloons, and laid down in a contrary direction on 
the opposite side, by which means any great friction of 
the water with this hind part of the wheel is avoided. 
The wheel No. 2 receives the balloons at its upper part 
through a channel, and descends them to its lower part 
in a funnel, which replaces them in each cylinder of the 
table, which in its cireular movement is charged with 
the re-introduction of the balloons under the tank. 
The table is formed of ledges or blocks, which embra- 
cing the shape of the balloons rise and fall by means of 
lever arms fixed beneath the table. Each ledge, in 
lowering, places itself level with the fixed part of the 
table to form with this latter a perfect groove, to pass 
afterwards under the tail piece of the tank, which 
closes this said groove. The ledges or blocks rise 
again further on to form the cavities, and receive the 
balloons. When a cavity has received its balloon it 
passes under the bridge of the tank, and, lastly, arrives 
under water when the balloon immediately quits it, this 
simple mechanism not causing the least displacement 
of water, each block lowering insensibly to pass under 
the tail of the tank, and recommence the same move- 
ment. The lever arms in passing to lift the blocks 
move under a fixed plate cut in shape of a demilune, 
and to lower them that they may pass under the tail 
of the tank they move under another similar plate. 
These lever arms are guided by ring bolts fixed to the 
table so that they may not deviate from their work. A 
feed pump is placed on the same axle as the wheels 
Nos. 1 and 2, this pump sends water into the feed 
basin which is placed at the rear of the tank ; this 
water is taken from a reservoir placed at the lower part 
of the machine, and is the water lost by the flux and 
reflux caused by the presence of the balloons in the 
water. For this purpose, that is, using the water lost 
by the passing out of the balloons, a groove is made at 
the lower plate of this issue, which will conduct the 
escaping water into the hollow cavities in the teeth of 
the wheel No. 2, further multiplying its force ; this 
water falls into the reservoir which is beneath the 
machine by a conduit starting under the lower part of 
the wheel No. 2, and is retaken by the feed pump, and 
passed again into the feed basin, and soon. Accessary 
pulleys and driving bands assist in the feeding of the 
machine, and a fly wheel is placed between the wheels 
and the pump to steady the working and regulate the 
speed. The machine is started by placing some bal- 
loons in the funnel, and then by means of a lever of 
any description giving a quarter of aturn to the wheel, 
this causes three or four iene to penetrate into the 
tank, and place themselves cesnodiately under the teeth 
of the wheel, and is sufficient to set it at work. The 
motive power is proportionate to the size of the wheel 
bathing in the tank, as well as to the relative dimen- 
sions of the balloons of compressed air which cause the 
wheel to move on its axle. This apparatus may work 
as a stationary or as a movable engine, and be applied 
wherever power is required.” 

We have now had examples of the inventive genius 
of England and of France. Of course that of America 
eclipses all else. The delightful combination of quack’s 
science, affected superstition, and showman’s clap- 
trap contained in the following, by “Owen Grenlitfe 
Warren, of the City, County, and State of New York,” 
can hardly be surpassed, if, indeed, it can be equalled : 

“This invention relates to the use of means for 
determining the truth or falsity of alleged spiritual 
man‘ festations. 

“in order that the experiment of elucidating the 
matter may be carefully tried and definitely proved, it 
is expedient that the experimenter be protected by 
letters patent for his especial process. 

“T construct a close room and use a peculiar light 
therein; I paint the walls, floor, and ceiling with care, 
and filter the light that is used. The room must be 
close, and have no open door or window ; it should be 
air-tight, though some air may be admitted for ventila- 
tion, but it is better to have a reservoir of air held 
under pressure in a tank in the room, to be allowed on 
turning a faucet to escape into the room for comfort- 
able breathing; it will issue from the room through 
unavoidable apertures. 

“The light used may be that from the combustion 
of hydrocarbon, but it ‘should be made to pass through 
a liquid coloured blue, black, or violet. So little lignt 
should appear through it (however much gas may be 
burned) that the room will seem entirely dark at first ; 
but the person shut in will grow to perceive the light 








and objects in the room will become visible. In such 
a room with this light there is a chance, if any chance 
exists, that spirits may become distinctly visible. For 
the reason that spirits are not seen it may be assumed 
is that the light is too coarse ; it passes through them, 
and does not reflect from the surface. In order to 
see them at all, it would therefore appear the light 
must be exceedingly minute, and therefore it must be 
filtered. 

“The kind of paint proper for painting the walls, 
floor, and ceiling of the closed room is that which in 
chemistry is known as being akin to carbon. Dolo- 
mite or magnesia properly prepared is good ; spirits 
of turpentine or aleohol may be employed for mixing 
the paint.” 

We cannot comment justly upon specifications like 
these. They speak for themselves, but they neverthe- 
less admits of various interpretations of credulity, 
stupidity, or cupidity which each of our readers must 
apply for himself. Is it not melancholy, however, that 
the archives which include the inventions of Watt, 
Cort, Trevithick, Stephenson, Neilson, Roberts, 
Wheatstone, and Bessemer, should contain also such 
wretched rubbish as the specifications of Mr. Balk, 
Monsieur Jacquelin, and O. W. Warren, Esq. One is 
tempted to own that the entrance to the Patent Office 
is happily placed between those to the Registry in 
Lunacy and the Registry of Appeals in Bankruptcy. 
We shall attend regularly, however, every Saturday. 








THE THAMES EMBANKMENT. 

Tre Engineer newspaper having given currency to an un- 
founded report that the Metropolitan District Railway was to be 
carried as an open cutting along the Thames Embankment, the 
Pall Mall Gazette and the Times adopted this statement upon 
the presumed respectability of the authority upon which it was 
made. Mr. Fowler, therefore, who, with Mr. T. Marr Johnson, 
is the engineer to the line, has written the following letter to the 
Times: 

“ To the Editor of the Times. 

‘* Sir,—My attention has been called to a paragraph in the 
Times of to-day, copied from the Pall Mall Gazette, respecting 
the works of the Metropolitan District Railway along the Thames 
Embankment. 

“Tt is gravely assumed, and much indignation and strong 
language expended on the assumption, that it is intended to con- 
struct ‘ an open railway cutting along the new Thames Embank- 
ment the whole distance from Westminster to the spot now 
called Hungerford.’ 

“* The facts of the case are as follows: The Thames Embank- 
ment on the north side of the Thames extends from Westmin- 
ster-bridge to Blackfriars-bridge; but the embankment works 
are not so far advanced as to permit the commencement as yet 
of the works of the railway. 

“The nature of these works for the railway was defined in 
their Act of Parliament, and clauses were inserted for the 
protection of the Crown, the Marquis of Salisbury, the Duke 
of Norfolk, the Middle Temple, the Inner Temple, and others. 
These clauses in themselves require the railway to be con- 
structed in a tunnel or covered way for a distance of a mile, 
out of a total length of a mile and a quarter; while of the 
remainder, about one-half will be occupied by the two stations 
(to be approved by the Metropolitan Board of Works, one of 
them being underneath the existing Charing-cross Railway- 
bridge), and of the small balance in length, a proportion only 
will be required for the necessary ventilation, light, and safe 
working of the railway. 

“ Subject to these special clauses and provisions, the Metro- 
politan Board of Works have the power to limit the lateral or 
vertical deviations of the line from the deposited plans, and to 
prohibit the construction of any other intermediate stations than 
those at Charing-cross and Norfolk-street. 

“ The exact details of the railway works are at the present 
time the subject of consideration between the engineer of the 
Metropolitan Board of Works and myself, but no difficulty has 
arisen, or is Jikely to arise, in designing these works for the 
proper comfort and accommodation of the railway passengers, as 
contemplated in their Act of Parliament, so as to be compatible 
with the preservation of the beauty and utility of the noble 
work of the Thames Embankment. 

“ The working of the Metropolitan Railway has already proved 
of great convenience to all classes of persons of the metropolis, 
and its benefits will be greatly increased when the ‘inner 
circle’ is completed, of which the line along the Thames Em- 
bankment forms a part; but it certainly will not interfere in the 
manner suggested, or in any other manner, with the roadway or 
with the other objects of that work. 

“T remain, Sir, your obedient Servant, 
“Joun FowLet. 
‘2, Queen-square-place, Westminster, April 18.” 





Tae Merrororrran Fire-BricApe — SreaM = Fiee- 
Eneines.—Messrs. Merryweather and Sons have just supplied, 
for the use of the Metropolitan Fire-Brigade, three ot their 
patent horizontal steam fire-engines. ‘Two of these are of the 
light class, with a single cylinder of 6}in. diameter and 1810. 
stroke of piston, and one of the medium size, with double cylin- 
ders, each of 6} in. diameter, and 18 in. stroke of piston. These 
makers have also one of their large-size double-cylinder engines, 
with 24 in. stroke of piston, like the “‘ Sutherland” of the C rystal 
Palace competition, and the same as they make for the Royal 
Dockyards of England and France, in hand for the Metropolitan 
Brigade. Steam fire-engine making is rapidly increasing. 
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GREAT GUNS. 


TE failure of the second .13.3 in. gun, commonly 
called the 600 pounder, and the younger brother of 
“ Big Will,” goes to show that we have nearly or quite 
reached the limit of size in guns made upon the pre- 
sent system, and fired with ordinary cannon powder. 
We sometimes hear it proposed to make guns of 20 in. 
bore, to throw shot of 10001b. weight at the full 
velocity attained with the 68 pounders, but it requires 
only a moderate knowledge of the science of gunnery 
to — where the difficulty, if not the imprac- 
ticability, would arise in respect of the strength of 
ordnance of such size. For if we take a common 
smooth-bore, firing round shot, as a standard for com- 
parison, we increase the weight of the shot eightfold 
in doubling its diameter. And for a given initial 
velocity, the weight of powder must bear a constant 
proportion to the weight of the shot: Thus a 20in. 
shot weighs eight times as much as one of 10in. dia- 
meter, and it requires therefore eight times as much 
powder to give it a velocity of (say) 1600ft. per 
second, or whatever the velocity may be. But the 
increased charge-has only four times the area to act 
upon in the-ease of the larger shot, and hence, in order 
to generate the same velocity, the pressure upon each 
square inch of the back of the shot must be twice as 
great for a diameter of 20 in. as for 10in. The 
American ordnance engineers profess to measure the 
initial explosive force of their gunpowder, and they 
record pressures of about 30 tons per square inch. It 
is evident that the chamber of no gun, of whatever 
material, will long withstand the action of such a 
pressure, nor do we suppose it to be reached in 
practice. But we know, nevertheless, that the force 
acting upon ordinary cannon balls is very great. Thus, 
let us take one of the 9 in. round shot of the Somerset 
guns, weighing 100 Ib., and fired with the full service 
charge of 25lb. of powder. ‘Within a distance of, 
perhaps, 8 ft. in the length of the gun these shot 
acquire a velocity of about 1600 ft. per second. This 
is the velocity which a body would acquire in falling 
from a height of 40,000 ft., or 7.57 miles, and thus the 
work expended upon the shot in a distance of (say) 
8 ft. is equal to lilting it to this height, and as the 
weight of the shot is 100]b., this is 4,000,000 foot- 
pounds. The mean accelerating force for a distance of 
8 ft. is, therefore, 500,000 Ib. ; and as the area of the 
dise of the shot upon which this pressure acts is 63§ 
square inches, we have a mean pressure of nearly 
8000 lb. per square inch. But the mean pressure 
must be very much less than the initial pressure ; for 
the first explosion of the charge takes place against a 
shot at rest, while the final impulse of the expanded 
gases of explosion is upon a shot already in motion 
at the rate of 1600 ft. per second. There is no for- 
mula to which we can trust in seeking the initial force, 
but we know that by far the greater part of the work 
is done within the first two feet of the movement of 
the shot, and this force is, therefore, at least three or 
four times that of the mean force for the whole length 
of the bore, and it is greater in proportion to the resis- 
tance of the shot in getting under way, if we may 
use such 4 term. Did the force of explosion produce 
only a compressive strain upon the interior surface of 
the chamber, the gun, especially if of wrought iron, 
would bear immense internal pressures. Contrary to 
the common notion that wrought iron fails by com- 
pression, under a less force than when extended, that 
material is at least one-half stronger under compres- 
sion than cast iron ; indeed, we are unable to say what 
pressure, exerted upon a portion only of an extended 
surface, wrought iron will not bear. Mr. Fairbairn, 
in his work on “ Tron Shipbuilding,” page 48, records 
an experiment in which a 1 in. square cube of wrought 
Iron was only flattened to the extent of 0.28 in., and 
not crushed, under a pressure of 74 tons; and in 
punching lin. holes in 1 in. plates we know that the 
hecessary pressure is about 100 tons per square inch, 
and the punching is not crushed, nor is its density 
iereased, by this enormous force. Indeed, for those 
who entertain the common error that wrought iron 
begins to yield under a compressive force of 12 tons 
per square inch, we may refer to Mr. Davies’s experi- 
ments, recorded in our last number, showing that an 
angle-iron strut, 18 in. long, failed only by buckling 
der a pressure of 17} tons per square inch. 

_ The material of guns is strained, however, by ten- 
sion, The foree of the powder tends to tear the cas- 
cable away from the chamber, and this force is not 


merely quadrupled by doubling the diameter, but, as 
ve seen at the beginning of the present article, it 
per 


ongitudinally 


we 


is increased eightfold. The absolute pressure 
Square inch is of course the same both i 


and radially; but, in doubling the diameter, and in 
thus doubling the pressure per square inch to give the 
same initial velocity, the total strain acting to burst 
— the gun along its length is increased fourfold. 
We cannot resist this increased strain by making the 
walls of the gun four times thicker, for we soon reach 
a limit where practically no increase of thickness. adds 
to the ‘heats for the inner circumference is strained 
so much more than the outer in proportion to. its 
length, that radial cracks appear-on the inner surface, 
and the gun fails in detail by the progressive extension 
of these cracks to the outside. Captain, Blakely has 
carried out the principle of initial tension, and-it has 
been adopted in the Woolwich and Elswick guns ; but, 
although this gives increased strength, we soon reach 
the limit of this increase. Captain Blakely is making 
a 15 in. gun, being nearly 2 in. larger in diameter than 
the largest Woolwich or Elswick gun ; but we cannot 
predict what its strength will be, or, in other words, 
we do not know how long it will bear charges such as 
would give to its projectile a velocity of 1600 ft. per 
second. Of course, if we lower the velocity, by:firing 
smaller charges in proportion to the shot, we may have 
guns of any size, but there would thus be no corre- 
sponding advantage in increasing their size. . Keeping 
to a standard initial velocity of 1600 ft. per second, we 
believe we are not likely to succeed’ in muking, guns, 
7 the present mode of construction, to withstand 
charges of 100]b. of powder. And we know that 
while the resistance of armour plates incréases as 
the square of their thickness, we can provide 
oo to withstand the full force of such charges. 
t is thus that armour plates must win in. the 
contest with ordnance. Their strength is positively 
known to increase in an accelerating ratio. to.,their 
thickness, while the strength of guns is as_posi- 
tively known to diminish rapidly with the increase 
of their diameter. If armour plates 20 in. thick were 
required, we have manufacturers who would undertake 
to supply them, and we have no reason to doubt that 
the plates would be all that was desired; but no manu- 
facturer can give us a 20-inch gun to send its 1000 lb. 
round shot at 1600 ft. per second. The Americans, it 
is true, have made 20-in. guns of cast iron; but we 
know very little of their performance, although they 
have been said to withstand 140 1b. charges, which we 
do not believe. We may bear in mind, however, that 
the Americans generally work closer to the ultimate 
strength of materials than we do, and it is possible that 
a gun may bear, for a few times, a charge twice as 
great as we should think of employing in regular 
service. 
The subject of great guns is one of the deepest in- 
terest, and we shall, in a future article, treat of the 
means whereby possibly greater diameters and destruc- 
tive efficiency may be secured. 








INDIAN ENGINEERS ON FURLOUGH. 


However experienced as an engineer a young man 
may be who leaves this country for service under 
Government in the Public Works Department in India, 
he must be prepared to submit to many drawbacks to 
professional advancement to which those who remain 
at home are not subject. The absence of any recog- 
nised centre, such as our Institution of Ciyil Engi- 
neers, to which, during the monsoon months, when 
field works cannot be undertaken, those members of 
the service who might be within reasonable distance 
could resort and exchange experiences of the works 
they have been engaged upon during the preceding 
working season, and where a good library kept con- 
tinually supplied with the best standard works and peri- 
odicals published in this and other countries, on subjects 
connected with engineering science, would furnish the 
means for keeping them constantly informed of the 
advancements made in the profession in England, 
America, and other parts of the civilised world, cannot 
fail to be felt as a serious drawback, and an addition to 
the exile which service in India necessarily entails. 
Often, too, it must happen that an engineer will be 
for a time detached from head-quarters in order to 
carry out works, it may be on a line of road ora canal, 
at a distance from any visible signs of civilisation. We 
do not say that this is always altogether disadvantage- 
ous, as in such a position a man is thrown very much 
upon his own resources, and the strain put on his 
energies may often be productive of the best possible 
results ; but in India, whee the principle of centralisa- 
tion is carried almost to an extreme, the sense of indi- 
vidual responsibility is diminished, an independent 
spirit is cramped, and the advantages of sucha situation 
incapable of being improved upon except to a very 
small extent. 








On his return to England on furlough, after an 
absence of eight or ten years, our Indian engineer, 
especially if he has had the misfortune to have been up 
country for the greater portion of that time, will pro- 
bably find himself rather behind the age ; and although 
with the present increased facilities for communication 
in India, and the more frequent visits home by officers 
than heretofore, such may not now be the case so much 
as in past years, it nevertheless cannot be denied that 
it must prevail to a certain extent. In order to give 
opportunities and facilities for reinvigorating their know- 
ioe of modern science, rules have been laid down for 
her Majesty’s Indian engineers and other officers of the 
Indian Public Works Department, under which they 
will, while on furlough, receive permission to visit, at 
the public expense, engineering works in the United 
Kingdom, and on special occasions some few have 
obtained leave on similar terms to visit works on the 
Continent and America. 

Permission to visit engineering works at the public 
expense: has of course to be applied for, in the first 
instance, by the officer wishing to avail himself of that 
advantage, and the following are the conditions upon 
which such permission may be obtained : 

“ An officer must state beforehand what particular 
‘works he proposes to visit. After cmiiles his 
“ tour of inspection, he must send to the Secretary of 
“ State for India in Council a report or nae’ of notes 
“on the works examined by him, embracing more 
“* especially his views as to the applicability to India of 
‘* works of a similar description. 

“The report must be accompanied by a statement 
‘in detail of the expenses incurred in travelling to aud 
‘‘ from the several works visited. The statement must 
“be of bond fide travelling expenses only, and must 
‘not include hotel bills. If the report is approved, 
“‘ the travelling expenses will be paid.” 








AnnvuaL Dinner oF THE INstiITUTION oF CiviL ENGI- 
NEERS.—The annual dinner of the Institution of Civil Engineers 
has been fixed for Wednesday, May 9th, at Willis’s Rooms, King- 
street, St. James’s, at 630 for 7 p.m. The tickets, at two 
guineas each, will be issued only to the members of all classes of 
the Institution, and they are not transferable. Immediate no- 
tice should be given to the secretary by those who intend to be 
present. 

Hicu-srenp Enornes.—Messrs. Gwynne and Co. are about 
to construct small engines to work direct upon the shaft of their 
high-lift centrifugal pumps. For lifts of 70ft., the engines are 
intended to make 700 revolutions per minute, and as the stroke 
will be 10in.j this will be 1167 ft. of piston per minute. Mr. 
Luders, formerly the manager of the Harrison Boiler Works at 
Manchester, once worked an engine, for some years, with a 2 ft. 
stroke, at 300 revolutions, equal to 1200 ft. of piston per minute. 

STEAM IN THE StREETS.—One of the street railway carriages 
employed in Boston, U. S., is thus described b the American 
Railway Times: “It is 83 ft. in length, 7 ft. wide, weighs about 
6 tons, and accommodates 40 adult passengers inside. The 
engine is in the front part of the car; cylinders 7 by 14 in. set 
vertically. ‘The whole machinery rests upon a circular platform 
or turn-table, which is placed upon the truck, and which revolves 
in any direction given by the wheels, independent of the car 
body. The hind truck is likewise fastened to a similar turn- 
table, and the wheels obey with like readiness the direction 
given by the rail. The effect of these moveable platforms is to 
allow of the passage of the sharpest curves known in our street 
railways without any grinding or abrasion of the rail or wheel 
flanges. The present car will pass a curve of 30 ft. radius 
without trouble. The circular platforms or turn-tables are 
run upon anti-friction rollers, and work with entire ease and 
freedom. ‘The car is represented to run with great freedom 
from shock—either from lateral motion or from the wheels strik- 
ing any obstruction on the track. The means for securing 
these results are very simple and effective. The engine burns an- 
thracite coal, makes no objectionable noise to frighten horses, 
the machinery is entirely out of view, and there are no toothed 
gears, bell, or whistle. An iron water tank is placed between 
the engine and the passenger-room, and every preparation for 
comfort either in hot or cold weather, including good venti- 
lation. ‘This car, it is stated, can be run 100 miles per day, at 
acost ‘not exceeding eight dollars—this sum including con- 
ductor, engineer, fuel, oil, &c.” 

Tux New York Unpexcrounp Raitway.—The promo- 
ters of an underground railway under Broadway, New York, 
have, after much opposition, obtained their bill from the State 
Assembly, and the work will no doubt be soon commenced. The 
New Yorkers are apprehensive of danger, mceonvenience from 
gas, &c., in the tunnel, and do not. —— to know that the 
engines in use on our Metropolitan line have their fires checked 
while in the tunnel, the blast being turned off, the dampers 
only being left open, and the steam run down. 

Warine'’s Masrerrixces.—In our notice, last weck, of the 

ublic sale at a great reduction from the subscription price, of 
Mr. Waring’s costly work, we mentioned that fifty copies were 
offered. We now find that no less than two hundred copies were 
offered, if not sold. It will be remembered that the original sub- 
scription was limited to 2000 copies, and that it was positively 
announced that no more would be printed, and that the stones 
would be effaced as soon as the edition was worked, and the 
names of the subscribers for 2000 Copies were advertised. 
Again, we ask, is there no remedy for this apparent breach of 
faith or, at any rate, some explanation of a transaction which 
has caused a depreciation of 25,000. in the value which the 
subscribers to Mr. Waring’s work had set upon the copies in 


their possession ? 
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BROOKLYN PUMPING ENGINE. 








3gin; the stroke at which the piston is intended to work is 
The double bedplate to which the cylinder is fastened 
extends the whole length of the engine, which is placed directly 
over the pump-well. ‘Ihe piston is 1 ft. 6 in. deep in the centre, and 
84 in. deep around the circumference ; and the piston-rod, which 
through stuffing-boxes at both the top 
and bottom of the cylinder. The cylinder is steam jacketted, and is 
also carefully cleaded with felt and black walnut lagging; its 
base is above the water-level in the boilers. The valves, which 
are worked by a peculiar arrangement of gear, as will be 
described presently, are balanced puppets, the diameters being 
14 in. and 144 in., and 16 in. and 16} in.; they are swelled out 
be | around their stems in order to reduce the waste of steam. The 
steam and side pipes are 1 ft. 8in. in diameter. 
rod, which passes through the top of the cylinder, is connected 
gement of parallel motion to the end of a 
long between end centres, 7 ft.2 in. deep 


of which we now give illustrations is 
the Brooklyn Waterworks, near New 
rs. Woodruff and Beach, of Hartford, Connecticut, 
from the designs of Mr. William Wright. According to the con- 
of the engine was not to be less than 600,000 1b. 
by the consumption of 1 lb. of coal, and the 
was also to be capable of raising 10,000,000 of New York 
of water (equal to 8,000,000 imperial gallons) into the 
reservoir in sixteen continuous hours, the actual height of the lift 
In calculating the duty, the weight of water was 
to be taken at 62) Ib. per cubic foot, and the friction of the 
water in the pipes was to be accurately ascertained by gauges, 
and when this was done the necessary allowance was to 
i ring the resistance caused by friction as an ad- 


is 8% in. in diameter, 


_ The engine is double acting, the cylinder bein 
diameter, and made to accommodate an extreme stroke of 10 ft. 


by the ordinary arran 
cast-iron beam, 36 ft. 

















in the middle, and weighing 25 tons. The web of the beam is 
5# in. thick, and the a are 16in. wide. The bearings of 
the main centre are 1 ft, 1 in. in diameter and 2 ft. long, and 
the height of their centre above the floor of the engine-room L. 
26 ft. Zin. The arrangement of the frame by which = 
plummer-blocks are supported is shown by Fig. 1. To Jed 
opposite end of the beam to that to which the piston-rod is coup 
is attached the rod of the upper pump, and at inter iate 
points the frame for working the valve gear and the -~o- 
rod are ted he d , which is one-third of t 
size of the cylinder, is placed at the centre of the engine — 
the floor, as shown in Fig. 1; the injection water can 
drawn either from the pump-well or from the f8rce-pipe. The - 
pump is double acting, and is 3 ft. in diameter, with a stroke 
} ft. ; _ 
The arrangement of the valve gear is, as we have a r- 7 
stated, peculiar. It differs from that usually employed in Co 
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THE BROOKLYN 


nish engines, inasmuch as the valves are moved by the piston of 
a water cylinder, the valves of which are moved by the frame 
connected to the engine beam ; the cataract is, however, retained. 
In Fig. 2 we give an outline diagram of the valve gear of tie 
Brooklyn engine, which will enable us to explain its action. In 
this diagram, a is the steam cylinder, and 6 the main beam of 
the engine, and to this beam is connected the frame jf, which, in 
combination with the water cylinder, c, and roller levers, h, works 
the valves. The upper ends of the roller levers, h, are connected 
by links with the piston of the water cylinder c, and their 
lower ends by links, g, with the arm, g, of the lower rocking shaft 
e; and another arm g, on the same shaft, is coupled by means 
of the vertical links, i, to the upper rocking shaft, which is placed 
in bearings between the side pipes. ‘The frame fis connected b 
the link F with the lever G, fixed upon another rocking shaft E, 
this shaft carrying the cam, S, which works the valves of the 
water cylinder by means of the lever and link, H and H’, and the 
bell crank J. An arm on the rocking shaft, E, is alse connected 
by the bar B, with the arm A, fixed upon another rocking shaft 
D, — which there is also fixed thesegmentC. This segment 
is adjustable by hand, so that it can be arranged to shut 
the steam valves at any desired point in the stroke of the piston. 
Its face is formed to two different radii, as shown in the diagram, 
the difference of these radii being equal to the lift of the steam 
valves. The stems of these valves are connected by means of 
the levers P and links O to a pair of levers M N, one end of each 
of which is attached to a fixed fulcrum N, whilst the other, M, 
is coupled to the plunger of one of the cylinders of the cataract 
K. ‘Ihese plungers are weighted by means of the weights w w’, 
and each is furnished with a catch bolt, R, which when the 
plungers are lifted, fall into sockets and keep them raised. Each 
of the catches is forced into gear by a spring at the back of it, 
and is withdrawn by an arm fixed upon the rocking shaft e. 
The action of this valve gear is as follows: Let us suppose that 
the piston is at the middle of the up-stroke, the lower steam 
valve being still open, and the cataract plunger connected with 
it being at the bottom of its cylinder, and the latch R withdrawn. 
hen, in the course of its upward motion, the — arrives at 
the point at which the steam is to be cut off, the segment C is 
moved by the action of the frame f, and the connecting links, &c., 
until the projecting part of its face comes under the lever M N. 
is lifts the lever and closes the steam valve, at the same time 
y= of the cataract, which is then 


raising the corresponding 
. Further on in the stroke the incline 


held by one of the catches 
2, fixed upon the frame f, comes in contact with the roller upon 
the upper end of the roller lever h, pushing it over and opening, 
by means of the rods q and 4, and the levers g g’, the lower ex- 
haust valve. Near the end of the stroke, the valves of the water 
cylinder being moved by the cam § throngh the gear already de- 
seribed, the piston of that cylinder forces the roller lever right over 
quickly, and thus draws back the catch holding up the cataract 
unger connected with the upper steam valve. The weights on 
this plunger then cause it to fall and open the valve, admitting 
to the upper side of the piston. 
be seen by Fig. 1, the engine is placed directly over 


As will 


PUMPING ENGINE. 





the pump-well, this latter 


being 37 ft. 3 in. deep and 
60 ft. by 10 ft. inside. The 
side walls are of granite, 
and are from 5 ft. to 6 ft. 
6 in. thick, the bottom 
being formed by a flat 
arch 2 ft. 6 in. thick, rest- 
ing on a plank floor 
placed on a of solid 
gravel. The depth of the 
waterway is 7 ft. There 
are two pumps both 
placed beneath the floor 


shown in Fig. 1, one of 
them being at a lower 
level than the other. The 
lower pump is worked by 
the extension of the pis- 
ton rod through the 
bottom of the steam cylin- 
der, and the other by a 
pump rod attached to the 
opposite end of the beam ; 
both the rods are 8} in. 
in diameter. The ar- 
rangement of the pum 
and valves is shown by 
the diagram, Fig. 2, from 
which it will be seen that 
each pump has two bar- 
rels, / and m, the inner 
barrels in which the 
buckets work being 8 ft. 
and the outer ones 4 ft. 
: = in Coie. _ The 
very or force is 
led from the top ‘of the 
upper pump, and the 
bottom of this pump is 
connected with the top 
of the lower pump.by a 
ipe 8 ft. in diameter, 


a double-beat valve, and 
eight similar valves are 
placed at the bottom of 
the annular space between 
the barrels of each pump. 
The action of these pum 
is as follows: When the 
piston in the steam cylin- 
der is making an up 
stroke, the bucket of the 
lower pump lifts the 
water above it and forces 
it through the valves in 
the annular space and descending bucket of the upper pump; when 
the reverse stroke is made, the bucket of the upper pump lifts 
the water, the space between the two buckets becoming filled by 
the flow of water through the valves of the lower reg The 
quantity of water delivered at each single stroke of the engine 
is thus equal to the contents of one pump barrel (less of course 
any loss arising from the valves not closing \ gee ed from 
other causes), and as the water is always flowing in one direction, 
all loss of — is —. ‘ all 
The delivery pipe, reaching from the upper pump to the 
reservoir, is 8 tt. in diameter as 8450 ft. long, a is Furnished 
with a check-valve at the middle of its length. It is laid with 
but one curve, and that of 800 ft. radius, and has an overfall 
discharge into the receiving chamber. An air chamber, 26 ft. 
4 in. high, 6 ft. 64in. in diameter, and projecting 13 ft. 10 in. 
above the floor of the engine-room, is placed upon the force-pipe 
close to the upper pump, as shown in Fig. 1. This air-vessel is 
furnished with a diaphragm plate, fitted with valves, which can 
be arranged so as to throttle the return pressure of the air; the 
loss of air arising from leakage, &c., is made up by a supph 
forced in by an auxiliary pump worked from the air-pump rod. 
Each of the pump rods has a loaded counterweight chest attached 
to it, as shown in Fig. 1, that on the rod of the upper pump 
being placed just below the beam, and that on the rod of the 
lower pump being situated beneath the cylinder; in addition to 
these, a vibrating counterweight, placed on a countershaft, is 
also connected to the lower chest in such a manner as to increase 
the load upon the piston during the first half of each stroke, and 
diminish it during the latter half. These counterweights amount 
altogether to 46 tons, and the total weight of the engine, boilers, 
and appurtenances is 440 tons. : ¢ ‘fe : 
The engine, the whole of the details of which are finished in 
the best manner, is placed in an engine-house having an engine- 
room 84 ft. by 77 ft., and two wings or boiler-rooms 66 ft. 6 in. 
by 45ft. ‘This engine-house will afford accommodation for four 
engines and their boilers. The boilers of the engine which we 
have been describing, are three in number ; they are of the return 
drop-fiue class, and are 30 ft. long by 8 ft. in diameter. The 
upper flues are 1 ft. 6 in., and the lower or return flues 9 in. in 
diameter. Each boiler is furnished with independent stop, feed, 
and safety valves, so that either can be shut off at pleasure. 
They are fed by an independent og. which draws the water, 
by means of separate pipes, either from the hot-well, the pump- 
well, or from the force-pipe, as may be desired; the feed-water 
is heated by passing it through coils of pipe placed in’ the lower 
return flues. A measuring tank is placed in connexion with the 
donkey-pump, in order that the amount of water evaporated by 
the boilers may be exactly ascertained when it is desired to doso. 
The boiler flues are connected with a chimney 100 ft. high, and 
4 ft. in diameter inside. : 
After the engine had been set to work, two sets of experi- 
ments were made with it, the one to ascertain the “duty,” and 
the other to find out the quantity of water pumped into the 


of the engine house, as | 


h bucket is fitted with | coal. 


this same cable into the sea was conside 
as a feat, 


and the notes of Mr. Samuel McElroy, the assistant engineer to 
the Brooklyn Waterworks, we find that the following results 


were obtained: The actual height to which the water was 
lifted, measured from the average level of the p-well to the 
point of disc , was 160 ft.; the friction of the water through 


the pumps and force-tubes, as measured by indicator ‘8 
taken from the jumps, was equal to an additional lift of 10 ft., 
making the total equivalent lift 170 ft. The trial for “duty” 
lasted 26 hours 3 min., during which time the engine made 
14,965 double strokes, or about 9.57 per minute on an average. 


The —— of stroke of the pumps, as deduced from 
numerous observations, was 9 ft. 104 in.; their capacity at this 
delivered, as mea- 


stroke is 849.6 gallons, whilst the quantit; 
sured in the reservoir, amounted to 835.2 gallons per stroke, 
The loss occasioned by the action of the pumps was thus only 
1.69 per cent., an extremely good result. By comparing the 
pressure shown by the indicator diagrams taken from the 
cylinder with those taken from the pumps, it was found that in 
the former case there was an av pressure of 12 Ib. per square 
inch over 6375 square inches, and in the latter an average pres- 
sure of 73.91 lb. per square inch on 959.81 square inches, the 
actual loss of pressure occasioned hy the friction of the engine 
being thus only 7.4 per cent. of the steam ure. Account 
was taken of the quantity of fuel consumed in the following 
manner; The engine after having been at work some hours, was 
stopped, the steam blown off from the boilers and the fires 
drawn; the firing was then recommenced, and an account taken 
of all fuel used up to the end of the experiment, when the engine 
was allowed to run until it exhausted all the steam and stopped 
of itself. The _— were then cleared out, and the coal remain- 
ing separated the cinders and ashes, and the amount sub- 
oo yon the coal Baga _ ure of the steam was 
. According to the re essrs. Smith, G and 
Worthen, the fuel used was yt the eeu 





Wood 1200 lb., or equivalent of coal... 600 Ib. 
Total of coal fired oes «++ 85,700 ,, 

: 86,300 ,, 
Less residuum of coal on rae 870 ,, 
Net quantity of fuel used... eve 85,480 lb. 


In the report above mentioned, the duty is estimated from the 
average pressure on the pump buckets, and the result obtained 
isa duty of 609,982 foot-pounds by the consumption of 1 Ib. of 
Acco’ to Mr. McElroy’s notes, the net quantity of fuel 
burnt was 34,772 lb., and the total —— of water delivered 
into the reservoir was 2,000,000 cubic feet. The duty, thus 
calculated, was thus 


2,000,000 x 170 x 62.5 _ 613 114 foot-pounds 
— ’ 


84,77 

ptt by 1]b. of coal. Neither of the above duties was so 

igh as have been obtained from English engines; but in 
the case of the Brooklyn engine, the pressure of the steam was 
lower, and it was also cut off later in the stroke, than is usually 
the case here, 
The second set of experiments were made to ascertain the 
quantity of water delivered by the pumps in a given time, in 
order to see whether the engine complied with the terms of the 
contract, which, as we have already mentioned, required that it 
should deliver 10,000,000 New York gallons or 8,000,000 
imperial gallons into the reservoir in the course of sixteen hours. 
The duration of the trial was sixteen hours, and water delivered 
was measured, as in the case of the “duty” trial, both by gauges 
upplied to the reservoir and by the flow of the water over a 
weir. The results, as given in the report of Messrs. Smith, 
Graff, and Worthen, were as follows: 

Water delivered 


8,234,481 imp. gal. 
By weir oe 7 


The quantity delivered was therefore in excess of that required 
by the contract. From Mr. McElroy’s notes of the second trial, we 
find that engine made 9708 double strokes during the sixteen 
hours, er an average of 10.11 per minute; the ave: 8 for 
four hours was 10.36 double strokes per minute. The total 
quantity of coal burned was 26,628 lb. Mr. McElroy gives the 
aay of water raised during the trial as 8,286,449 imperial 
gallons. 





By reservoir measures... 


” 








THE MAINTENANCE OF SUBMARINE 
CABLES. 

TuE submergence of the first few submarine cables, 
and afterwards the several attempts to lay an Atlantic 
cable, have always been regarded as somewhat more 
than nine-day wonders. The repairs of submarine 
cables, although, as naturally might be supposed, a 
much more complicated and difficult matter than the 
mere submergence, has apparently, however, scarcel 
ever excited the slightest curiosity or interest. We 
used, twenty — ago, to consider most things, when 
dropped to the bottom of the sea, miles away from 
land, pretty well, as a rule, beyond the ordinary chance 
of ever seeing daylight again. Yet now we hear of the 
interruption to a channel, Mediterranean, or other cable 
one week, and a week or two afterwards we read with- 
out the slightest surprise of its resuming its functions. 
The operations by which the fracture in a slender wire 
rope at the bottom of the sea is sought out and re 
paired, ba 2 perhaps hundreds of a from land, 
are scarcely known, and the result is taken as a matter 
of course, although the operation of merely dropping 
somewhat 


So little indeed is known generally about these opera- 


tions, that we doubt whether, if the leading civil en- 
gineers in general 


ractice were applied to for advice 
Cove could be found two in the least 








reservoir in a certain time. From the report of the 4 ed 
Messrs. Erastus W. Smith, Fred. Graff, and W. E. Worthen, 


on such a subject, 
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conversant with the matter. Yet these operations are 
carried on much more extensively than may be supposed. 
The reason why so little is made public on the subject 
is perhaps to be found partly in the desire of directors 
to kee » the knowledge of accidents, or gradual decay 
of ealion, as much as possible from the public, for fear 
of depreciating their shares, and partly because these 
repairs are carried on by a few telegraph engineers, in 
the employ of some telegraphic administrations or of 
some telegraph contractor, and only occasionally by 
an independent telegraph engineer. Thus the Tele- 
graph Construction at Maintenance Company repair 
the Malta and Alexandria and Mediterranean Extension 
cables. The Electric Telegraph Company, having a 
properly fitted ship of their own, repair their Dutch 
and Irish cables. ‘The Submarine Telegraph Company 
generally hire a large Liverpool tug, and having ma- 
chinery of their own, repair their French, Belgian, and 
Hanoverian cables. The Magnetic Telegraph Company 
hire a Liverpool tug and machinery for the repair of 
their Irish cables. The Persian Gulf cable is repaired 
by the Indian Government, who have a steamer, ex- 
pressly fitted for the purpose, stationed at Kurrachee. 
Some of the Levant i were repaired by Messrs. 
Newall and Co., in their steamer, the Elba; and some 
of the Danish cables have been repaired by the Danish 
Government engineers. 

Besides these operations for regular maintenance, 
there have been many isolated expeditions for special 
attempts to recover or repair cables, such as the repair 
of the Cagliari and Malta cable in 1859, the repair of 
the Bona cable in 1858, the recovery of 80 miles of the 
Bona cable in 1860, the recovery, in 1858, of the 
cables lost in 1854 and 1855 between Sardinia and 
Bona, the recovery of some of the Red Sea cable in 
1861, and repair and deviation of one section, the 
recovery of some of the Toulon and Algiers cable, the 
attempt to repair the Spezzia and Corsica cable in 1860, 
the recovery of some of the Atlantic cable in 1857, and 
numerous other expeditions we could mention. 

The first cable ever repaired was one of the Electric 
Telegraph Company’s cae to the Hague, which was 
repaired in 1853; and afterwards more extensive re- 
pairing operations on these four cables, between 1854 
and 1857, led to the general system since adopted with 
little modification on all repairing expeditions. We 
shall allude to the means adopted for repair in our 
next. 





TANK ENGINES ON THE GREAT 
EASTERN RAILWAY. 

Tire tank engines designed by Mr. Sinclair for work- 
ing part of the local and branch traffic of the Great 
Fastern Railway differ in their arrangement from any 
others at work in this country. They are eight-wheeled 
engines, the two central pairs of wheels being 5 ft. 7 in. 
in diameter, and chalet whilst the leading and trail- 
ing wheels are 3 ft. 7 in. in diameter, the leading wheels 
being made to radiate by a Bissell’s radius bar. The 
following are the principal dimensions of one of these 
engines. ‘The distance from the centre of the leading 
wheels to that of the front pair of coupled wheels is 
5 ft. 4in., the centres of the coupled wheels, and those 
of the hind pair of coupled wheels and the trailing 
wheels, being in each case placed at a distance apart of 
6 ft., making the total wheel-base 17 ft. 4 in. The centre 
of the trailing wheels is 6 in. from the back of the firebox 
casing. All the wheels have Krupp’s steel tyres, and the 
axles and crankpins of the coupled wheels are also of 
the same steel. The barrel of the boiler is 3 ft. 11 in. 
in diameter outside, and 13 ft. 6 in. long from the out- 
side of the firebox casing to the inside of the smoke- 
box tubeplate. It is made of yy in. plates, joined by 
butt joints, the covering strips or welts, which are 
5 in. wide by 7% in. thick, being placed outside in the 
case of both the transverse and longitudinal seams. 
The rivets in all parts of the boiler are Zin. in dia- 
meter, and shed at a pitch of 2in. The smoke- 
box tubeplate is }in. thick, and is united to the 
barrel by a ring of angle-iron, 3} in. by 34 in. 
by @ in. on the thin edge. All the rivet holes in 
this ring are drilled, and the ring itself is bored, 
faced and turned on the edges, the sizes which we 
have just given being the finished dimensions. The 
connexion between the barrel of the boiler and the 
upper part of the firebox casing is effected by a joint 
strip of the same dimensions as used for the other 
seams; on the underside of the barrel, however, a 
broader strip is employed, this being flanged over and 
rivetted to the barrel and the front plate of the firebox 
casing. The firebox casing is 4 ft. 6 in. long outside, 
the top and side plates are , in. thick’and butt jointed, 
whilst the front and back plates are 4 in. thick, and are 
flanged over to join the top and side plates. The top 





of the firebox casing is flush with the barrel of the 
boiler and the bottom, is 3 ft. 8 in. below the centre line 
of the boiler at the back and 3 ft. 11 in. at the front, the 
firegrate being inclined 3 in. in its length. The copper 
plates of the inside firebox are }in. thick, except the 
tube plate, which is 7 in. thick; the length of the fire- 
box inside is 3 ft. 8Zin. at the top, and 3 ft. 10}in. at 
the bottom. The tubes are 143 in number; they are 
1} in. in diameter outside, and 13 ft. . in. long between 
tubeplates. The heating surface of the firebox is 64.6 
square feet, and that of the tubes (internal) 977.5 square 
feet, making the total heating surface 1042.1 square 
feet. A dome 2 ft. 8in. high and 1 ft. 6in. in dia- 
meter inside, is placed on the barrel of the boiler, and 
a manhole of the same diameter is formed on the top 
of the firebox casing. Both the dome and manhole 
rings are 4in. high, and are made of 3 in. plates flanged 
over for attachment to covers and boiler : the upper 
part of the dome is forged solid of a gin. plate, and 
the cover of the manhole is a flat plate 3 in. thick. 
The bolts securing both the dome and manhole covers 
are lin. in diameter. The two safety valves with 
which the boiler is fitted are each 3 in. in diameter; 
one of them is placed at the top of the dome and the 
other on the manhole cover. The smokebox is made 
of fin. and the chimney of % in. plates. The chimney 
is of the tapered form introduced by Mr. Sinclair some 
years ago, the diameter at the bottom being 1 ft. 2 in. 
and at the top 1ft. 5in.; the top is 13 ft. above rail 
level, the height of the centre line of the boiler above 
the rails being 5 ft. 64in. The regulator, which is 
placed just within the smokebox tubeplate and is con- 
nected with the dome by a 44in. copper pipe, con- 
sists of a plunger, the end of which fits a conical seat ; 
this plunger is withdrawn from its seat by means of a 
rod connected to a handle working in spiral guides 
fixed at the back of the firebox casing. The coal- 
burning arrangement is the same as is in general use 
on the Great Eastern line, and consists of a de- 
flector plate hinged to the back plate of the inside 
firebox just above the:firedoor, and projecting forwards 
and downwards into the firebox; the air is admitted 
through the firehole, the door being made to open 
downwards and a small piece being cut off the top so 
that it can never be entirely closed. This arrangement 
has been already described in the article on “Coal- 
burning in Locomotives,” at page 70 of this journal. 
The firegrate area is 11.7 square feet. 

The cylinders, which are outside, are 15 in. in dia- 
meter and 22 in. stroke, and are placed horizontally. 
The cylinders are bolted to the frames by means of 
flanges above and below the steam chests, which 
are passed through the frames. The pistons are of 
brass, with cast-iron packing-rings, and the piston rods, 
which are of Krupp’s steel, and are 2} in. in diameter, 
are screwed into the pistons, and secured to the cross- 
heads by nuts at the ends, the portion of each piston 
rod which enters the crossheads being tapered. The 
ports are 12 in. long, the steam ports being 1} in. and 
the exhaust ports 24 in. wide. The slide valves are of 
brass ; they have 1 in. Jap, with a maximum travel of 
4$in., and are set with }in. lead in full gear. The 
steam-chest covers are of wrought iron, and are 3 in. 
thick; the glands are all of brass. The transverse 
distance between the centres of the cylinder is 6 ft. 2 in., 
and that between the centres of the valve spindles 2 ft. 
103in.; the valve spindles are of Krupp’s steel, and 
are 1}in. in diameter. The crossheads have cast-iron 
blocks, 1 ft. 2in. long, working on guide bars of 
aor steel. The connecting rods are 5 ft. 1Z in. 
long between centres, and the total distance from the 
centre of the driving axle to the centre of the exhaust 
ports is 8 ft. i in. The valve motion is of the shifting 
link, fitted with screw reversing gear. 

The frames are 28 ft. 10 in. long over buffer plates, 
and are 1 in. thick, with a least depth of 10in. They 
project for an equal distance of 5 ft. 9 in. beyond the 
centres of both the leading and trailing wheels, and 
their distance apart transversely is 4ft. The horn- 
plates for the coupled and trailing wheels, as well as 
the connecting pieces between the lower parts of them, 
are in one piece with the frame. The connecting pieces 
are 3} in pone and the tops of them are 9 in. below 
the underside of the frame between the hornplates. 
The buffer plates are 1] in. deep and 1} in. thick, and 
are each stiffened by a couple of 3 in. by 3 m. angle 
irons rivetted to the inside of them. The frames are 
connected at the front end by a strong frame of 
6 in. by 44 in. by in. angle iron, having a gin. plate 
rivetted to it, placed below the smokebox, and two 
deep transverse plate stays are also attached to the 
frames between the two pairs of coupled wheels. The 
leading hornplates form part of a two-wheeled Bissell’s 
truck, and are poatneret | by a pair of transverse plates 





12 in. deep and } in. thick, which are flanged over at 
the ends for attachment to the hornplates. On the 
top of these transverse plates, and connected to 
them by 3in. by 3 in. angle irons, is placed another 
late 2 in. thick, which carries the “ inclines” of the 
Bissell truck. The radius bar of the Bissell truck is 
4{t. 2in. long from the centre of the leading 
wheels to the centre of the pin upon which it 
works ; this pin is attached to the boiler by means of 
an arrangement of cross-plates and angleirons. The 
weight of the front part of the engine is transmitted 
to the bogie in the following manner: On the under. 
side of the barrel of the boiler, lin. in front of the 
centre of the leading wheels, is fixed a pin having a 
hemispherical bearing 64 in. in diameter formed on it; 
this bearing fits into a corresponding recess formed in the 
upper side of a cast-iron saddle or bridge 2 ft. 6 in. long. 
At each end of this bridge there are formed, on the 
under side, double inclines, 6in. long by 6in. wide, 
which fit upon corresponding inclines made of steel and 
fixed on the top transverse plate of the bogie-frame. 
The inclination of the inclines, as first made, was } in. 
in 3 in., but it has now been reduced in most of the 
engines to din. in 3in., the amount of side-play allowed 
being at the same time increased from 1 in. to 1} in. 

All the axle-box guides or rubbing pieces are of 
cast iron, those belonging to the coupled wheels being 
furnished with adjusting wedges. ‘The axle-boxes an 
keeps are of gun metal. The springs are all arranged 
below the axles, and those of the coupled wheels are 
fitted with adjusting screws and are connected by com- 
pensating beams. ‘he axle bearings are of the curved 
form, which has been extensively used by Mr. Sinclair, 
the end diameter being 1 in. greater than the central 
diameter, and the outline being an are of a circle. The 
leading and trailing bearings are 6 in. in diameter in 
the centre and 8 in. long, whilst those of the coupled 
axles are 7 in. in length and 5} in. in diameter in the 
centre. 

The water is carried by two tanks, one placed under 
the boiler between the axles of the coupled wheels, 
and the other over and behind the trailing axle. The 
leading tank is 3 ft. 11 in. long, by 3 ft. 4in. wide, by 
3 ft. 0fin. deep outside, and the top is recessed to a 
depth of 6}in. to fit the barrel of the boiler. The 
trailing tank is 5 ft. 2in. long over all, by 3 ft. 6 in. 
wide by 2 ft. 9} in. deep, the front of it is recessed for 
a height of 1ft. 7}in. and a length of 1 ft. Qin. in 
order to clear the trailing axle. The combined con- 
tents of the tanks is about 480 gallons. The boiler 
is fed by two of Giffard’s No. 8 injectors. The coal is 
carried in a coal bunker 7 ft. wide and 2 ft. 6 in. long, 
placed at the trailing end of the footplate, a space of 3 ft. 
3 in. being left between it and the back of the firebox 
casing. ‘his space for the accommodation of the driver 
and fireman is protected by weather plates fitted with 
glass windows, and is roofed over by a wooden roof con- 
structed in the same way as that of a passenger car- 
riage. The coal bunker holds about 24cwt. of coal. 
The total weight of the engines, when ready for the 
road, is about 38 tons, of which nearly 21 tons rests 
upon the coupled wheels. When the tanks are half 
full, the remaining weight is divided nearly equally 
upon the leading and trailing wheels; when the tanks 
are empty, it predominates upon the former, and when 
the tanks are full, upon the latter. The Great Eastern 
Railway Company have twenty of these engines ; they 
were built by Messrs. Neilson and Co., Glasgow. As 
we have already mentioned, they are employed in work- 
ing local and branch traffic; those running between 
London and Enfield draw trains averaging fourteen 
carriages, the total weight of the engine and train 
being, in this case, about 160 tons. ‘The distance from 
London to Enfield is 124 miles; the time allowed 
for running the trains, with seven intermediate stops, 
being 43 minutes. The engines are worked at 
boiler pressure of 130 Ib. per square inch. 








Braprorp Reservorrs.—Mr. Rawlinson’s report to the 
Home Secretary, dated in March, has been laid before the House 
of Commons. ‘It states that the discovery of a leak through the 
puddle in Doe-park reservoir embankment, and the leaking con- 
dition of the puddle and masonry shaft of the valve well at 
Grimwith, are a justification of Mr. Ferrand in having drawn 
attention to the state of thoseembankments. The leaks through 
the masonry joints are not at present necessarily dangerous, but 
they will require to be constantly watched. There are no special 
elements of danger in the Doe-park embankment like those 
which existed in the Dale Dyke embankment above Sheffield, 
which burst in March, 1864. Former experience shows that the 
Doe-park reservoir can be filled and emptied with safety; and 
filling it will alone be a reliable test of the embankment being 
water-tight and sound. Mr. Rawlinsun’s recommendation 1s 
that the Doe-park and Grimwith reservoir embankments be cau- 
tiously filled after the repairs have been completed, and that 
there be regular watching night and day. He 1s satistied 4 
no such catastrophe as that which took place above Sheffiel 


need be apprehended at Doe-park. 
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ENGINEERING JOURNALISM. 

Tue periodical literature of engineering enjoys an 
advantage not possessed by that of medicine or law. 
Few besides those already in the medical profession, or 
those who are preparing for it, care to read reports of 
hospital cases, or essays upon curative science. Few 
who are uot in the law, or reading for admission, care 
to dive into equity reports, or to analyse judicial de- 
cisions. Professions which have to deal respectively 
with human suffering and human wrong, lack attrac- 
tiveness, however much the labours of their professors 
may be valued and honoured. But enyineering, even 
to the gaze of laymen, opens up a world of magic, 
and its achievements surpass the fictions of mythology 
and the storied marvels of enchantment. To reclaim 
a province from the sea, to float a navy in an artificial 
harbour, where before were only shallows and sands, 
to hew a channel and to bring a river of pure water 
through a mountain and through miles of rocky wastes 
for the supply of a great city, all are works which 
inspire wonder and admiration in the minds of men, 
from the highest to the lowest. But it has been with 
steam that engineers have worked out the greatest 
marvels of history, and it is the application of steam in 
a hundred ways that will always give to engineering 
its great hold upon popular appreciation. It is thus 
that engineering publications will always be more or 
less read by those who live quite out of the profession. 
It is this fact, we think, which has so long served to 
maintain the strong tendency to dilettanteism and im- 
practicability which has been so much indulged in by 
various periodical works more or less professing engi- 
neering science. With this profession, they have 
given us only a host of inventions, easily accessible at 
the Patent Office, and of the practicability of which 
only a portion of their readers would be able to form 
an opinion of any value. And there has been a great 
deal of irresponsible writing, the conclusions of which 
have no definite application. 

The chief object of an engineering journal should be 
usefulness within the profession, and not entertain- 
ment either in or out of it. This object, it appears to 
us, is best served by selecting and fully describing the 
more important works of current practice; and with 
these should be given such general discussions of prin- 
ciples, with their critical application, as will show the 
reasoning upon which engmeering works are planned, 
and their success established beforehand. An engi- 
neering journal which gives the how, and the why, and 
the wherefore, gives much, and its readers are certain 
to acknowledge it. Engineers are severely practical in 
their habits of thought, we will not say too much so, 
although there may be room for a little artistic feeling 
withal. Nor is engineering all science, for a good deal 
of it is but the application of sound common sense— 
sometimes said to he the most uncommon of all sense. 
Engineers hate alike dogmatism and fumbling on the 
part of engineering writers, although engineers can 
widerstand that for much of what an‘unpractised per- 
son might take for dogmatism there are sound and 
good reasons. They quickly suspect the ignorance of 
those who, selecting a well-worn subject, are always 
reiterating that we are all in the dark upon it, that 
there Isa great want of information, and that many 
and various experiments must yet be made to bring us 
to the light. But it is a rare faculty to be able to 
write responsibly and well upon engineering subjects, 
and much indulgence therefore may be, and has to be, 
granted. ; 

pas 

The task of description and of criticism is the 
great duty of a journal like ours, and it should also 
strive always to be even with the best opinion of the 
time upon subjects relating to engineering science and 
practice. A journal free from prejudice, by collecting 
and comparing the best that is done, and by deducing 
as far as may be from sound principles what may yet 

c done, may do much to stimulate and develope im- 
portant improvements. 

In many, if not most, cases, the test of engineering 
soe is allorded only by commercial results; and 
™ « earners of prices, cost of working, &c., are 
a as ‘ uportant as questions of abstract science and 

principles. These are matters, however, whieh 
seldom find their just place in engineering writings 

As for strict impartiality, thorough independence 
and hich-ni. ‘a nparuiality, thorough indepenae one > 
trite — ire fee conscientious conduct, it Is only 
oa dou that the journal which is without either 
position — an honourable nor even a useful 
for er — may , In most cases, however, be taken 
must give » Jus as, m our intercourse with men, we 

g redit for principle and good intention. 
the higher and moral qualities of 
ailed that they need be asserted and 


: them e 
It is only when 
ee nalism are ass: 

efended, and the 


MONITOR v. HIGH-SIDED TRONCLADS. 


To tHE Epitor or ENGINEERING. 
Sir,—TI have been indulging the hope that a discus- 
sion would be opened in your pages which would 
illustrate the comparative merits of monitor or, in 
other words, s¢rony ironclads, and high-sided or, in 
other words, weak ironclads. I am ready to take up 
the gauntlet against ail comers in favour of the monitor 
system, the prompt adoption of which by the Admiralty 
is, in my judgment, imperative, seeing that by no other 
known expedient can our naval power be maintained. 
I shall hope to see the discussion to which I have 
referred promptly inaugurated, and I trust that it will 
embody all that can be said in favour of the broadside 
system by its most competent and most zealous sup- 
porters. Single-handed, I am willing to encounter this 
phalanx, and | am willing, moreover, that the compara- 
tive eligibility of either system should be judged by the 
issue of this contest. Meanwhile, I think no apology 
will be necessary for sending you an extract from a 
letter I have just received from New York, which will 
show you what is thought of our policy in regard to 
these matters by the most competent judges in that 
country. T am, Sir, yours, &c., 
Joun Bourne. 

“T have read attentively the debates in Parliament on the 
Navy Estimates, and also the several articles lately published in 
various English mechanical journals, and I find to my surprise 
that the very principle of the monitor system is wholly misun- 
derstood. Lord C. Paget affirms that these vessels are not 
habitable, and this in the face of the American Secretary’s 
report to Congress, showing not only the contrary, but that the 
moritors are the healthiest vessels in the American fleet. What 
Lord Paget and the other speakers say of “ freeboard,” as 
applied to monitors, is sheer nonsense. The enclosed brief 
account of the performance of the Monadnock, now in the 
South Pacific Ocean, would be conclusive as to sea-going 
qualities, had we not long ago settled that point. As to habit- 
ability, Lord Paget has never been in a ship of war with such 
perfect ventilation, and in which the crew in heavy weather had 
anything like such pure air for their lungs, as in the monitors. 
As to recreation in very bad weather, the grated elevated hur- 
ricane deck of the Dictator is superior to the spar deck of a 
sharp steam frigate, where every sea sends volumes of water 
over the men. 

“ The absurd opinion respecting the turret system put forth 

by the several writers in the mechanical papers originate in their 
not knowing that the turret system and the monitor system 
must go together. A monitor without a turret is worthless, 
and a turret is worthless without a monitor. The idea of 
putting turrets upon vessels which rise 14 ft. or 15 ft. above 
water is simply ridiculous. Officials who plan such structures 
show gross ignorance of first principles; and public speakers 
who defend such plans offer an insult to the common sense of 
their hearers. 
“IT cannot avoid, on this occasion, to contrast the intended 
double turret ship Monarch with a monitor _— same displace- 
ment and weight. Such a monitor, by dispensing with the 
enormous top weight, &c., would admit of a wooden deck 2 ft. 
thick, covered with 3 in. plating; 4 ft. wooden armour backing, 
protected with 18in. solid iron; two turrets of 26 ft. inside 
diameter, 2 ft. thick, each containing two guns of 50 tons 
weight, employing 140 lb. charges of powder. Besides this, the 
great reduction of weight would admit of an increase of motive 
power sufficient to outstrip the Monarch at the rate of two miles 
an hour. In conflict, therefore, this monitor could run close to 
her opponent. One discharge from her monster guns would 
probably settle the contest, viz., two shots put through the 
Monarch’s insufficient side armour weuld smash the mechanism 
of the turrets, while the other two would crush the ship’s side at 
the water-line. Another discharge from the four 1000 pounders 
would expedite matters by making chasms of magnificent propor- 
tions, through which the sea would enter with perfect freedom. 
Lord C. Paget and his friends apparently can see only one side 
of the question: they feel that England must possess ships that 
can carry men and war material to make her power felt ata 
distance ; but they forget that nations who build ships only to 
dstroy will have it in their power to annihilate such compromise 
structures as the Monarch. If wiser counsels do not prevail, 
the next maritime war will reduce England to a second-rate 
power. It is truly amazing that you should be the only profes- 
sional man in England, at the present moment, taking a correct 
view of this important matter; but, that being so, you have a 
high duty to perform to your country.” 


UNITED STATES MONITOR MONADNOCK AT VALPARAISO, 
(Extract referred to in the foregoing letier). 

“A correspondent in the New York Times writes from 
Valparaiso, March 3, 1866: ‘I have seen a letter written by 
Captain Stanley, of the U.S. Ship Tuscarora, in which he states 
that in the heaviest weather and gales that they encountered, 
when, in fact, he had just as much as he could do to attend to 
the safety of his own ship, without attending to the vessel en- 
trusted to his care, the Monadnock behaved in a splendid 
manner, making better weather than any vessel of the convoy ; 
and that there was no time during the fiercest part of the gale 
that the Monadnock could not have fought her guns against any 
ship. In fact, it would be perfect madness to attempt to engage 
a vessel under such disadvantages, for the gale is an advantage 
to the Monadnock in a fight.’ ” 





PreTroLeuM Furu.—Mr. C. J. Richardson’s petroleum boiler 
was at work on Tuesday, Wednesday, and Thursday, at Wool- 
wich Arsenal. Mr. Richardson has tried the experiment of 
burning the waste steam along with the petroleum, and he finds 
it to decompose readily, and its hydrogen-to take up its equiva- 
lent of carbon, and to inflame with a clear beautiful leon wholly 








occasions are always rare. 


THE PALLAS. 

On Wednesday last the armour-plated screw cor- 
vette Pallas was tried over the measured mile at Stokes 
Bay, at her sea-going draught of water, and with both 
half and full boiler power. The Pallas, which is one 
of the earliest vessels designed for the navy by Mr. 
BE. J. Reed, is 225 ft. long between perpendiculars, and 
has an extreme beam of 50 ft. ; her tonnage is 2372 tons. 
She carries 6 guns, namely, four 64 tons wrought-iron 
muzzle-loading guns contained in a central, rectangular 
srmounensed Halen 40 ft. long by 50 ft. in width, and 
two 110 pounder breach-loading Armstrongs mounted 
as bow and stern chasers. She is made with a sub- 
merged projecting ram and the YU bow. The draught 
of the Pallas on Wednesday was 18 ft. 3 in. for- 
ward and 24 ft. 1 in. aft., her displacement being 3700 
tons, and the area of her immersed midship section 
very nearly 750 square feet. The measured height of 
her gun deck above the water-line was found to be, 
at the bow port cill 10ft., at the central battery port 
cills 8 ft., and at the after port cill in the captain’s 
cabin 8 ft. 9in. The engines, which were made by 
Messrs Humphrys and Tennant, are of 600 horse 
power nominal, and are of the double-cylinder or 
** Woolf’s” class. The two smaller or high-pressure 
cylinders are each 4 ft. 3in. and the two larger cylin- 
ders each 8 ft. 6 in. in diameter, the stroke of all the 
cylinders being 3 ft. 3in. The conttact speed was 75 
revolutions per minute, and they were also required 
by the terms of the contract to work up to six times 
their nominal horse power with boilers having the 
proportions generally adopted by the Admiralty, viz., 
19 square feet of heating surface and *ths of a square 
foot of firegrate surface per nominal horse power. The 
engines, which worked in the most satisfactory manner 
throughout the trials, have surface condensers and 
drive a Griffith’s screw 18 ft. 6in. in diameter and 
18 ft. pitch. The boilers have 11,400 square feet of 
heating surface and 420 square feet of firebar area. 
On Wednesday six runs sae with full boiler power 
gave a mean speed of 13.057 knots, the steam pressure 
being 31 lb., the average vacuum 27} in., and the 
speed of the — varying from 804 to 82 revolutions 
per minute. With half boiler the mean speed of four 
runs was 11.077 knots. The indicated horse power of 
the engines was 3768. ‘The trials made to test the 
turning power of the ship were very satisfactory, the 
results being as follows : 


Circles. Half Power. Full Power. 
Port. Starboard, Port. Starboard, 

Time getting helm up . 30” 32” 40” 31” 
Angle of rudder eee wee oe P 
Half circle made in Se ee oe eee ee vd 
Full circle made in 20". ae 1a a 
Revolutions of engines per minute: 

Before helm wasup 63 Se . wm . 

After helm wasup 57 59 77 79 


The number of men at the wheel was in each case 
nine, the number of turns made by the wheel being in 
each case four. When the vessel was at rest, the 
rudder could be put over to an angle of 35° each way. 
The weather was very fine, and the sea extremely 
smooth, during the trials, and the wave of water raised 
about the bows of the vessel by the action of the sub- 
merged beak was about 1 ft. less in height than it was 
on the occasion of the trial of her engines by the 
makers on the 11th inst. In addition to the bow wave, 
there is also another which rises under the after part 
of the fore channels. Iwas found on Wednesday that 
when the vessel was running with half-boiler power, 
these waves were reduced to about one-fourth the size 
which they attained when the engines were working at 
full power. 





LOW’S AIR-COMPRESSER. 


By far the greater number of coal-cutting and tunnelling 
machines at present in use are worked by means of compressed 
air, the air being compressed by engines on the surface of the 
ground, and led thence in pipes to the machines which it has to 
drive. The air-compresser, which forms the subject of our 
illustrations is one designed by Mr. Low for supplying air to his 
tunnelling machinery, which we described in this journal a few 
weeks ago; it can, however, of course be used in connexion with 
any machines driven by compressed air. It consists of a base 
plate, having a compressing cylinder fixed at each end of it, and 
carrying at its centre the bearings of the main shaft, from 
which the pistons of these cylinders are driven. This main 
shaft is divided into two pieces, as shown by the plan, Fig. 2, 
and the transverse section, Fig. 4, each part being carried by 
two bearings—one 6 in. in diameter and 9 in. long, fixed on the 
main bedplate, and the other, which is 4} in. in diameter and 
7 in. long, supported as shown in Fig, 2. Between these bear- 
ings there is fixed, on each part of the shaft, a spur wheel 5 ft. 
3 in. in diameter, and these wheels are geared into by pinions 
11 in. in diameter fixed upon a counter-shaft, as shown in 
Fig. 1. This counter-shaft carries the strap pullies by which 
the machine is driven, On the inner end of each piece of the 








free from smoke. We hope soon to give full particulars. 


main shaft is keyed a cast-iron crank disc 2 ft. 4in. in diameter 
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and 3} in. thick at the edge, the pits inserted in these discs being 
so plaved that the cranks thus formed are at right angles to each 
other. The throw of the cranks is 9in. The crank pins have 
bearings 3¢ in. in diameter and 34 in. long, and their inner ends 
are coupled by a link secured by pins passing through the crank 
pins, as shown by Figs. 1 and 2. 

From the crank pins two connecting-rods extend to crossheads 
working on guide bars fixed to the bedplate, as shown in Figs. 
land 2. The connecting-rods are 3 ft. 4in. long from centre to 
centre: they are each composed of two bars 1} in. in diameter, 
these bars being furnished near each end with collars, against 
which connecting-pieces rest. The ends of the bars form bolts 
which pass through the brasses embracing the crank pin and 
crosshead bearin, This form of connecting-rod, which is 
clearly shown by Fig. 1, has been used by several marine engine 








2 ft. 3in. inside, above the centre line of the cylinder. In the 
covers of these chambers the inlet and outlet valves for the air are 
laced. The inlet valves are 6 in. in diameter, and each of their 
spindles is connected by an arrangement of links and levers, shown 
in Fig. 3, with a roller bearing on a cam. The cast-iron link 
carrying the roller is made heavy, so that, except when raised 
by the cam, it tends to keep the inlet valve closed. The cams 
for working the inlet valves are fixed upon two shafts, carried by 
brackets fixed to the cylinder castings and to the bedplate, as 
shown in the figures. On the inner end of each of these shafts 
is fixed a bevel wheel; these wheels gearing into another bevel 
wheel placed on a short shaft carried by brackets above one of 
the bearings of the main shaft of the machine. ‘The short shaft 
just mentioned is driven by a spur wheel, which gears into an- 
other spur wheel of equal size fzed upon the main shaft. The 
whole arrangement is shown by Figs. 2 and 4. ‘The outlet 
valves, which are 4 in. in diameter, are arranged as shown in 
Fig. 3; they are lifted by the pressure of the air. The whole of 
the valves are of brass, and have brass seats. 

The cylinders contain such a quantity of water that at the 
end of each stroke it rises to the top of the chambers connected 
with the ends of the cylinders which the pistons have approached, 
and completely expels the whole of the air previously contained 
in them through the delivery valves. ‘The air so delivered 
forces its way through the water above the delivery valves into 
the receiving chambers, a section of one of which is shown on 
the left-hand side of Fig. 1; and from these chambers it 1s led 
to wherever it may be required. In order to make up the loss 








builders ; it is very simple, and easily constracted. The cross- 
heads are of cast iron, and are uf the form shown in Figs. 1 and 


of water arising from leakage, &c., a small streain is allowed to 

flow into each inlet valve from a cock placed as shown in Fig. 
The water thus admitted accumulates in the receiving 

chambers, and is allowed to escape by self-acting valves. 





2; the lower part of them embraces the guide bars, the bearing 
surfaces being 9 in. long by 4 in. wide. The pins to which the 
connecting-rods are attached give bearings 3} in. long by 2} in. 
in diameter. The piston-rods, which are 2} in. in diameter, are 
secured to the crossheads by cotters, and to the pistons by collars 
and nuts, as shown in Fig. 1. The pistons are of cast iron, and 
are packed by a couple of cupped leathers with an intermediate 
ring, as also shown by Fig. 1. 

The cylinders are 1ft. 2in. in diameter, the stroke of the 


pistons being 1 ft. 6in.: longitudinal and transverse sections of | 


one of them are given in Figs. 1 and 3. They are made with 
loose covers at each end, and are 3 ft. 6 in. long inside, each end 
being furnished with a chamber 1 ft. 3in, by 10 in., and rising 


By thus using, as it were, water pistons, and delivering the 
air through water into the receiving chambers, it is found by 
Mr. Low that it can be kept perfectly cool during compression; 
the fact of the pistons working in water also prevents the pack- 
ing leathers from giving any trouble, and the whole arrangement 
appears to be a very effective one. The machines will compress 
air to from 90 Ib. to 125 1b. per square inch, and may be driven 
by a ten-horse engine or by water power; the counter shaft 
should make about 120 revolutions per miuute. Our illustra- 
tions were prepared from drawings kindly lent by Mr. Low, who 
is now making his air compressors, as well as his tunnelling 
machinery, at the St. Peter’s Ironworks, Ipswich. 
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OLD STEEL RAILS. 

Tue discussion upon Mr. Price Williams’s paper, at 
the Institution of Civil Engineers, cannot fail to pro- 
mote the interests of railway companies everywhere. 
It is incredible that there should still be found railway 
men to doubt the complete superiority, in all respects, 
of steel over iron rails, and it is the doubts in this 
respect which both Mr. Williams’s paper and the dis- 
cussion upon it will do so much to remove. As for 
their wearing qualities, the famous Bessemer rail at 
Chalk-farm wore out seventeen “faces,” at least, of 
wrought-iron rails laid end to end with it, and bearing 
the same enormous traffic. But remarkable as was 
the durability of this single steel rail, it cannot, of 
course, be taken as establishing the whole case in 
favour of steel. There is not wanting, however, abun- 
dant experience with Bessemer ‘rails, for many thou- 
sands cf tons of them are now laid down on the London 
and North Western and other lines, sume of them since 
1861, and these are yet in excellent condition, although 
iron rails, in the same situations, were previously worn 
out completely in two years. We had occasion, last year, 
to make extensive inquiries into this matter, and we care- 
fully examined considerable lengths of line laid with 
Bessemer rails, and ascertained the time they had been 
in use, and the amount of traffic they had borne. The 
results were so conclusive, that we laid them, in full, 
before the managers of the principal line of railway in 
the States (the Erie). That company at once ordered 
a thousand tons of steel rails as an experiment, and the 
general manager, in informing us of this, observed that 
the statement of what had been done in England with 
steel rails had been read in New York with feelings of 
astonishment. 

Steel rails are not only durable in respect of direct 
wear, but they are also almost unbreakable. When 
steel tyres were first introduced, a few years ago, it 
was feared that they would break ; but where they are 
made without welds it is now known that it is almost 
impossible to break them in ordinary use. They are 
incomparably tougher than iron tyres, and Bessemer 
steel tyres have been bent, under a steam hammer, 
nearly into a figure 8 without giving way. It is the 
same with steel rails. They were shown, in the Inter- 
national Exhibition, twisted up like the blade of an 
auger, and the surfaces, although of great, hardness, 
showed no sign of flaw or crack. Mr. Ramsbottom 
has taken up steel rails, at Crewe, in the hardest frosts, 
and immediately bent them double, under the steam 
hammer, without starting a crack in the bend. The rails, 
It 1s to be understood, were taken up for no fault, and 
only in order to learn what they would withstand when 
under the influence of frost. In America, the break- 
age of iron rails, in the winter months, is very con- 
siderable. The roadbed, for weeks together, is frozen 
as hard as arock, and each rail takes the sledge-hammer 
blows of the wheels of the passing trains as if it were 





an anvil. We speak from experience, and we have 
known of two hundred broken driving-wheel tyres, on 
one line of railway, in a single winter. When Mr. 
Watkin, M.P., the present ‘chairman of the South 
Eastern Railway Company, was in Canada, at the head 
of the Grand Trunk, he found the breakage of rails to 
be very great ; and one of the reforms he introduced 
into that unfortunate concern was the substitution of 
swivelling bogies for the three parallel axles under the 
tenders. The engines and carriages already had 
bogies, and Mr. Watkin has since stated that even 
their adoption for the tenders effected a material re- 
duction in the number of broken rails. But with steel 
rails there is no reason to doubt that no breakages 
whatever would have occurred during the longest 
Canadian winter. 

Steel rails have so much more stiffness, in a vertical 
direction, than iron, that they give less at the joints, 
and the fishing therefore is more effective, and the con- 
= of the way is better, than in the case of iron 
rails. 

Nor has any difficulty been found in respect of the 
adhesion of the engines to steel rails. This question 
of adhesion was raised upon the introduction of steel 
tyres, but it appears to have been settled that they 
hold on as well as iron, and it is now found tc be the 
same between steel and steel as between steel and iron 
or iron and iron. 

But the question is now raised, What are we to do 
with steel rails when they are worn out? The question 
shows how little is commonly known of the manufac- 
ture of steel, even by iron manufacturers, who, whether 
from interest or from want of information, speak of 
steel as if it could not be reworked. Now steel is even 
better capable of being worked over'than iron, for not 
only can it be heated and drawn, but it can also be 
melted and run out. A piece, a yard long, has been 
cut from one end of the experimental Bessemer rail at 
Chalk-farm, and it has been drawn into small spindle 
steel of fine quality. Indeed, it has been said that a 
manufacturer of rod steel could not do better than to 
buy Bessemer rails at 13/. per ton to work them down 
through his rolls; and we happen to know that rod 
and plate steel are being made and sold at prices of 
30/. per ton or more, which are made wholly of the 
crop ends of Bessemer rails, for which 8/. per ton are 
paid. ‘his is turning a thrifty sixpence, indeed! It 
even became necessary, but a few days since, to tele- 
graph from Sheffield to London to prevent the name of 
this enterprising manufacturer from transpiring in the 
discussion upon Mr. Williams’s paper. We will not, 
therefore, spoil sport by “ peaching,” and we under- 
stand that the steel made from crop ends is unexcep- 
tionable in quality, and, as prices go, quote worth 30/. 
a ton. 

Old steel rails will melt down in a cupola, in 
Siemens’s gas furnace or in the Bessemer converter. 
If enough coke be used in the cupola, or, rather, if it be 
high enough and is fully charged, the melted steel ma 
be run out as white iton, and be cheaply reconverted. 
Many of the large steel works now have Siemens’s gas 
furnaces, and in these steel may be made to run like 
quicksilver. In the converter, too, even a steel ingot 
may be quickly brought down in a charge undergoing 
conversion. In the case of rails, it is only necessary 
to cut them up and heat them red hot in the tail of the 
furnace, and to then drop them into the converter, 
along with a charge of melted pigs. For this purpose 
old steel rails, if they could be had, would be now worth 
as much as Bessemer ingots, or, say, from 9/. to 10/. per 
ton. Indeed, iron rails will read melt in the con- 
verters, and it forms the subject of one of Mr. Bes- 
semer’s patents to cut these up, heat them, and then to 
melt alk “blow” them in the converter, turning them 
out in the ingot, and working them down in the manner 
of steel. To melt wrought iron is only a question of 
heat, and of the presence of a proportion of carbon. 
Dr. Richardson stated this in his book ‘The Chemical 
Principles of the Metallic Arts,” published in 1790, and 
Henry Horne had recorded it also in 1773. David 
Mushet melted wrought iron with charcoal, in 1802, 
and obtained what, as now made by the same means, 
is known as homogeneous metal. The Bessemer 
converter, as lined with ganister, will withstand 
the heat necessary for such melting; and it is a fact 
that all our existing iron rails, if they were not 
too much contaminated with sulphur or phosphorus, 
might be converted, not superficially merely, as by 
Dodds’s process, but wholly into steel. In any case 
the steel rails are capable of ready reconversion, and for 
this purpose they are always worth nearly or quite as 
much, ton for ton, and irrespective of the extent to 
which they may have been worn, as Bessemer ingots 
themselves. 





BROADSIDES v. TURRETS. 


Tue turret system has an able advocate in Mr. 
Bourne, long and widely known by his professional 
writings, and whose challenge to the believers in 
broadside ships of war will be read on another page. 
He asks, and has once before asked in our columns, 
for a discussion upon a subject of which none will deny 
the importance. There are, no doubt, many who are 
ready to come forward; and the difficulty of our own 
position, speenns the controyersy to go on in our 
pages, will be in keeping it within its just limits—so 
that it shall not degenerate into dogmatism, partisan- 
ship, or inconclusive speculation. It must be a dis- 
cussion of principles and of facts, although it will 
involve the whole question of naval attack and defence. 
Those who can say what is to the point, and say it 
within a moderate space, will have a hearing. We 
shall, furthermore, take part in the discussion ourselves ; 
and as we certainly have definite opinions, and are pre- 
pared with the reasons for them, it will be for those 
who take the other side—and Mr. Bourne is among 
them—to maintain their ground against us. That the 
discussion will be otherwise than gentlemanly in its 
tone, or that it will be carried on with any other object 
than that of arriving at truth, no one in the habit of 
reading this journal will for a moment suppose. 

Mr. Bourne, in his paper lately read before the In- 
stitution of Naval Architects, distinguished the prin- 
ciple of the turret system as that of concentration. 
To illustrate this distinction, he argues that the fire of 
one gun, throwing a 1000 lb. shot, is more destructive 
than that of ten guns throwing each 1001b. In other 
words, a given weight of broadside is more destructive 
as a single shot than when it consists of many shots, 
no two of which may be fired at the same instant nor 
upon the same spot on an enemy’s side. Now, so far, 
it is easy to agree, and, indeed, we believe we must 
agree with Mr. Bourne. The constructors of ships of 
war, since the introduction of shells firing molten iron, 
have determined to keep out shot altogether, and they 
have applied 4$ in. and 54 in. iron plates with this 
object, and are now adopting still greater thicknesses. 
The old 68 lb. round shot, fired with 16 lb. of powder, 
would now have but little more effect than musket 
bullets against our later iron-clads. This is a fact 
which needs no argument, and for years our ordnance 
engineers have striven to produce trustworthy guns to 
fire heavier and heavier projectiles. So far as Mr. 
Bourne may insist that one 1000 lb. shot is better than 
ten of 100 lb., or twenty of 50 Ib., we suppose every 
ordnance engineer will not only agree with him, but 
will treat the conclusion as a truism offering no room 
for dispute. And ordnance engineers represent the 
side of attack in the question of attack and defence, 
It is the side of attack, too, which Mr. Bourne takes in 
insisting upon the principle of concentration. 

But Mr. Bourne sees no limit to the possible and 
practicable size of the gun—no limit whatever. He 
said so clearly, in the paper to which we have referred. 
It is here that the ordnange engineers of this country 
and of the Continent at least are unable, we think, to 
follow him. Sir William Armstrong and Captain 
Anderson, of Woolwich, would appear to have reached 
the limit of the coil system in the 13.3 in. guns. At 
any rate, although the failure of all their guns of this 
size is not certain, their success is now more than 
doubtful. Mr. Whitworth has attempted nothing so 
large. Captain Blakely is making a still larger gun, 
but although we may estimate the chances of its suc- 
cess, we cannot for the purposes of argument adopt, as 
a fact, the strength of a gun which has not yet smoked 
with powder. To make a gun is one thing, and to prove 
it successfully another. But, were we even to admit 
the strength of the largest gun yet attempted in this 
country, we fear that even Captain Blakely, who has so 
thoroughly worked out the 9 pm: of ringed struc- 
ture with initial tension, would confess to a limit not a 
great way ahead. We are here placing briefly the 
general result, or at least the obvious conclusion of the 
experience of our leading ordnance engineers—all of 
whom are unquestionably most anxious to make the 
largest and strongest possible guns—against the belief 
of Mr. Bourne, who can see no limit to size or strength. 

In America they have 15 in. and 20in. cast-iron 
guns, and although we have heard of 140 lb. powder 
charges and 10001b. shot, there is a singular lack of 
specitic information in this — as to what these 
monster Rodman guns are really doing. We have it 
privately, however, from those engaged both in the 
manufacture and in the service of ordnance in the 
States, that they are not nearly so formidable as has 
been represented, nor should we expect from a cast- 
iron gun the strength attainable in wrought-iron and 
steel combined together. We cannot consider the 
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Rodman guns until we know what they could effect 
against a target like that of the Warrior or the Hercules, 
and how many times they would endure the maximum 
charges which would be used in such a trial. There 
may be no limit to the diameter of which it is possible 
to make guns; but we cannot admit, without further 
evidence (except for the mere sake of argument), that 
there is no limit to the powder-charge which cast-iron 
guns will bear. 

But even supposing, for the sake of argument, 
that there was no limit to the size of guns, why should 
a ship carry but one or two of these unlimited pieces 
of ordnance ? There certainly is no present assignable 
limit to the size of ships. Logical y, a gun of un- 
limited size would require a ship of unlimited size to 
carry it. But however boundless might be the oppor- 
tunity of the gunmaker in respect of size and strength, 
he would have to make his choice somewhere, and to 
limit himself to that choice ; and for the gun so fixed 
upon, no matter how large it might be, a ship could 
ling s, of course, be made to carry it. But it would 
not necessarily require two such ships to carry two of 
the same class of guns, nor a dozen ships to carry a 
dozen guns. No matter how heavy the gun may be, it 
must always be very many times less in weight than 
the ship which carries it; and hence, even if the gun 
weighed as much as one-tenth the weight of the ship— 
and that would be a high proportion—a ship of one- 
tenth or, say, one-eighth more displacement, would 
carry two such guns with equal ease, and a ship of 
less than three times the displacement would carry 
a dozen of them. And as ships of any given form 
have their displacements as the cube of their linear 
dimensions, the addition of less than one-half to the 
length, breadth, and depth would give more than 
three times as much displacement. 

Let the limit to the size and strength of guns be 
never so wide, there is no good reason why a fighting 
ship should carry but one, or two, or even half a dozen 
such guns. With an increased number of guns, she 
can fire not only upon an increased number of points 
at the same time, but with far more effect upon a 
given point. It is useless to pretend that either naval 
constructors or engineers of fortifications will go on 
constructing ships and works of a strength, or rather 
of a weakness, which will permit a single shot from a 
single gun to destroy them. They may, of course, be 
surprised, so to speak, with guns of unexpected size; 
but as surely as the attack is increased, so will be the 
defence, and this co-equal progression may be accepted 
as a law co-extensive in its application with the viele 
history of warfare. If the theory of concentration be 
sound, a single shot should do the whole work. The 
gun should not need to fire twice. If two, or three, 
or a dozen shots are required (the actual requirements 
may be taken as so many hundreds or thousands), 
better have two, or three, or a dozen, or, if possible, a 
hundred guns—no matter how unlimited their size. 
We shall in this article examine only Mr. Bourne’s 
doctrine of concentration. The question of the con- 
struction and working of guns, of armour and of 
maneeuvring, are still open before us. 


COMPRESSION OF WROUGHT IRON. 

EXPERIMENTS upon the resistance of materials to 
compression are commonly made upon cubes, and thus 
the particles can yield laterally in proportion as they 
are compressed vertically. The resistance of a cube to 
compressive force does not, however, give any very de- 
finite notion of the strength of the same material when 
employed as a strut, or, on the other hand, where the 
yressure is exerted upon but a small portion of a 
Cond surface. In the case of wrought iron, and 
taking the cube, we believe, although we are not 
speaking from our own experiments, that an exceed- 
ingly slight but perceptible yielding does take place 
under a compressive strain of about 12 tons per 
square inch. This fact, assuming it to be a fact, has 
been very commonly quoted in writings upon rail- 
way matters, and we have. been told that railway 
bars will not bear more than 12 tons per square 
inch of their top surface without crushing. It can- 
not be ascertained exactly what is te | bearing sur- 
face of a locomotive driving wheel woon a rail. In 
geometry there should be no surface of bearing, but 
only a point of contact. In reality there is a sur- 
face, and which we have found, in some cases, to 
be as small at least as one-fourth of one square inch. 

At our request, Mr. James Tangye, of the firm of 
Messrs. Tangye Brothers and Price, of the Corn- 
wall Works, Birmingham, has kindly made an expe- 
riment which possesses much interest. From a bar 
of 1 in. round Lowmoor iron he cut off a length of 





84in., and planed down two opposite sides so as to 
bring its thickness there to about 3 in., the surfaces 
being very smooth, so as to show, by the reflection 
of light from them, the least effect of compression. 
He made a steel die with a square face, exactly 
sin. on each side, and having, therefore, one-fourth 
square inch area. Upon this, bearing on the planed 
iron, he applied a dead weight of 3 tons, correspond- 
ing to 12 tons per square inch. No impression 
which could be felt by passing the finger over the 
spot where the pressure had been applied was pro- 
duced; but, on inclining the surface to the light, one 
position can be found in which a faint trace can be 
seen as ifaspot had been breathed upon. With a 
dead weight equal to 16 tons per square inch applied 
to a spot one inch further along the bar, the same 
appearance is seen on holding the bar in a certain po- 
sition to the light. At successive points along the 
bar pressures of 20, 24, 28, 32, 36, and 40 tons. per 
square inch were applied. In the case only of the 
three last pressures rpdreniio pressure was employed, 
and an estimate of ten per cent. was allowed 
for the friction of the apparatus. By looking direct 
upon the flat surface of the bar, not under a strong 
light, the effect of the pressure only becomes barely 
visible at 24 tons per square inch, and at one edge of 
the area of pressure the finger-nail can detect the 
least indentation. At 28 tons per square inch the 
base upon which the pressure is applied is distinctly 
visible, and its edges can be followed with the finger- 
nail. From this pressure up to 40 tons each surface 
to which the pressure was successively applied was 
indented, but the sharp edge of the die nowhere cut 
in more than ,,th part of an inch, if as much. These 
surfaces, once compressed, might possibly have borne 
considerably greater pressures without further inden- 
tation. The surface of the iron upon which the pres- 
sure actually rested is, to all appearance, uninjured, 
and had a die with a slightly rounded face been em- 
ployed, very likely the same actual pressure for a given 
area would have produced still less apparent indenta- 
tion. ‘The Lowmoor iron upon which the experiment 
was made was of the softest quality, and the edges 
can be readily cut off in shavings by a common 
pocket-knife. The experiment would appear to show 
that railway bars of hard iron would show no apparent 
crushing under a pressure of 24 tons per inch—pos- 
sibly not under 30 tons—while steel rails vob, of 
course, bear much higher pressures without injury. 








THE CONNECTICUT RIVER BRIDGE. 


Dvurine the continuance of the American war, and 
under the influence of an inflated currency and almost 
prohibitive duties payable only in gold, iron and nearly 
all manufactures rose to excessive prices in the States. 
In the spring of 1864, contracts for iron bridges, in- 
cluding erection, could not be placed there under 
56/. per ton. The Hartford and Newhaven Railroad 
Company, one of the oldest and best paying concerns in 
that country, had a timber bridge, about-a quarter of a 
mile long, over the river Connecticut. This, hom its age 
and from its liability to take fire and burn down at 
any moment, it was decided to replace in iron, and the 
Company’s engineer, Mr. James Laurie (by birth a 
Scotchman, but who for thirty-five years has practised 
as an engineer in the States), was instructed to prepare 
designs, and to have them carried out in England. 
For most of its length the old bridge was in 88 ft. 
spans, the railway (a single line only) running on the 
upper chords ; but one span of 137 ft. crossed a canal 
on one side of the river, and here the roadway was 
supported from the bottom flanges. The construction 
of the whole bridge was taken by the Fairbairn 
Engineering Company of Manchester ; but, from an un- 
usual pressure of work, they relinquished the con- 
struction of two spans, differing from all the others 
in their dimensions, and these were taken by the 
London Engineering and Iron Ship-building Company. 

Mr. Laurie’s design differed in some respects from 
that of English iron bridges ; but it was considered by 
competent judges to contain many good points, and in 
one or two cases it has been proposed for imitation. 
We will here refer only to the 137 {t. span, constructed 
in London. It consisted of two rectangular trusses, 
139 ft. 8 in. long, over all, as measured on the bottom 
flanges, 12 ft. 3in. high in the clear between the under 
side of the top and the upper side of the bottom 
flange, and 16 ft. apart from centre to centre, measured 
across the width of the bridge. Thus the proportion 
of the working depth of the truss to its working 
length was nearly as 1 to 11.1. The top and bottom 
flanges were formed of plates, all of them 25 in. wide, 
and most of them 17 ft. long, the thickness varying 
’ 


from jin. to #in. The top flange is formed by two 
layers of plates, the bottom layer consisting of nine 
lengths of plates, all of which, with the exception of one 
at each ety are § in. thick, the end plates being } in. 
thick. The top layer of six plates extends for a 
length of 93 ft. 4in., or 46 ft. 8in. each way from the 
centre of the span. Two of these plates, at the centre, 
are 3 in. thick, the next, on each side, $in., and the 
end plates in. Thus the thickness of both layers 
at the centre of the span is lgin., a thickness of 
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+ in. being maintained nearly to the quarter-span each 
way. The eleven cover plates on the upper surface 
of the top flange are each 2 ft. 8 in. long and 2 in. to 
2in. thick, according to their position. 

On the underside of the top flange two } in. plates, 
15 in. deep and 15 in. apart, are placed, so as to form 
the section given in the illustration. These plates, 
jointed by cover plates, extend of course for the whole 
Jength of the Sis. The horizontal and vertical 
plates of the top flange are secured together, as shown, 
“ four angle irons, each 4in. by 4in. by ;,in. In 
the space, 7 in. wide, between the inner edges of the 
inner pair of angle irons, cover plates, 2 ft. 4 in. long 
and 7in. wide, are applied, where necessary, to the 
under side of the bottom layer of plates. The whole 
section of the ss flange at the centre of its length 
is 622 square inches. 

Although the rivet holes in the top flange do not, if 
completely filled in rivetting, require to be deducted ; 
in considering its resistance to compression, we may 
say that the angle irons are secured to the plates by 
lin. rivets. Not more than six rivet holes (irrespec- 
tive of those for cover plates) could occur in any given 
cross section, and the total sectional area of these 
holes, taken at or near the centre of the span, would 
be 10 square inches. 

The bottom flange is of the same form as the top 
flange, supposing the section above given to be in- 
verted. It is also formed of two layers of plates 25 in. 
wide, but the bottom layer, of four plates in length, is 
only 70 ft. 8 in. long, extending for about one-fourth 
of the span each way from:the centre. Of the upper 
layer of nine plates, two at each end are } in. thick, 
and the other five are gin. thick. Of the bottom 
layer of four plates, two are 17 ft. long and § in. 
thick, and one at each end is 18 ft. 4 in. long and 
2 in. thick. The cover plates are the same as in top 
flange, except that none are thicker than § in., those 
towards the ends being $in. The plates set on edge, 
15 in. by $in., and the angle irons, 4in. by 4 in. 
by y% in., are the same as on the top flange. The total 
sectional area of the bottom flange at the mid span is 
594 square inches, from which six 1-in. rivet holes 
take 94 in., leaving nearly 50 square inches of net 
section. The rivets are so pitched, we believe, that not 
more than four could occur in any given cross section ; 
yet it may be as well to allow for six. The whole 
weight of the span, including cross girders, &c., is 
90 tons only, and the permanent way is laid down 
upon longitudinal timbers fastened to the cross girders, 
no ballast being employed. A load of 1} tons per 
running foot would be 171 tons, giving a total weight 
261 tons. This would cause a total strain of about 
360 tons in the bottom flanges of both. trusses, or 
180 tons upon the 50 square inches of each flange, 
giving 3.6 tons per square inch. All the plate iron 
was required to bear atest of 20 tons tensile strain 
per square inch, and the bar and angle irons 24 tons 
per square inch, and Mr. Laurie strictly enforced 
these tests. Most of the plates, in the spans con- 
structed by the Fairbairn Engineering Company were 
rolled by the Shelton Bar Iron Company (Lord 
Granville’s works), and the bars were of Messrs. 
Thorneycroft’s iron. 

Each truss is divided into twenty-four panels, by 
twenty-five pairs of uprights of T iron. The following 
is a plan of a portion of the bottom flange, with a pair 
of the uprights in section. Each panel is 5 ft. Sim. 





wide between the centres of the uprights. Near the 
ends the latter are of 6 in. by 4 in. by fin. T iron, and 
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their section gradually diminishes, as the mid span is 
approached, to 4}in. by 3}in. by fin. The uprights 
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at the extreme ends are formed each of two pairs of 
T irons, each 5 in. by 3}in. by }in., and placed 12 in. 
apart from centre to centre in the direction of the 
length of the bridge. 

The diagonals are rivetted to the outer sides of both 
of the vertical flanges of the top chords, 1 in. rivets 
being employed, it being Mr. Laurie’s opinion that 
too great a shearing strain is put upon the smaller 
rivets employed in English practice. The rivet holes 
in the a of the larger diagonals were drilled. The 
first pair of diagonals at each ‘end are a 2 inclined, 
so as to reach over but a single panel. They are each 
of 9in. by Zin. bars, secured by eleven 1 in. rivets at 
both ends. The next pair of diagonals, extending over 
the second panel from each end, are of 9 in. by }iin. 
bars, and are also secured by eleven lin. rivets. The 
general inclination of the diagonals is about 45°. The 
third pair from each end are 9 in. by $in., the next two 
pairs Sin. by § in., the next pair 7 in. by $ in., and so 
on, gradually diminishing to 2}in. by 3 in. for the 
diagonals which cross the fifteenth and sixteenth.panels 
from either end, no intersections of the diagonals being 
made beyond the sixteenth panel from either end. In 
other words, with twenty-four panels, only sixteen 
diagonals are employed from either end. The weight 
of the bridge itself, beyond that point, is sufficient to 
prevent any distortion under an unequal load. English 
engineers have not, as a rule, allowed for the weight of 
the bridge in considering the effect of an unequal load, 
and hence it has been customary to employ diagonals 
in both directions in every panel of a truss. In the 
case of Mr. Rendel’s large bridges, however, for the 
East Indian line, and in a few others, the intersections 
have been carried into a few panels only on either side 
of the mid span. This has been done also in the design 
for the great Dutch bridge over the Lek, and which, 
besides several smaller spans, has one of 492 ft. in the 
clear. 

The smaller details of the Connecticut River Bridge, 
the cross girders, lateral bracing, stiffening of the webs 
of the vertical flanges of the top and bottom chords 
and of the uprights, are all well carried out. The 
edges of the plates are truly planed, and the whole 
work was done under careful inspection. 
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THE THAMES EMBANKMENT. 

THERE are many ways of gaining notoriety, and 
among these one is to get yourself contradicted by the 
press, and, best of all, in Parliament. We could 
readily obtain this notoriety, if we desired it, and there 
are those who believe that a new and rising journal— 
our own, for example—should gain notoriety at any 
cost. It is only necessary to invent, or to snatch up 
from idle rumour, some startling story affecting great 
public interests, and (for the conditions of success are 
wholly wanting without it) to obtain for it the credence 
of one or two other journals of undoubted influence 
and respectability. It will then go the length and 
breadth of the land, and everybody will be sure to read 
it, and to wonder, not if it be true, but how such a 
state of things could come about. If we were to try 
our hand at this mode of attaining notoriety, we should, 
we think invent or, from the invention of another, 
adopt as our own the following piece of startling in- 
telligence : 

“The greater proportion of our readers no doubt 
‘imagine that the Cannon-street branch of the South 
‘ Fastern Railway will terminate magnificently on the 
south side of Cannon-street. Unless some change 
‘is effected on existing arrangements, we much fear 
“that this just and reasonable expectation will be dis- 
“appointed. Our readers will hardly credit the state- 
‘ment that the railway is to be extended up Cannon- 
street, at all events, in open cutting, and that exten- 
“sive vaults will be constructed under St. Paul’s, to 
“ be occupied as ale and porter stores, with collateral 
“accommodation for the Kentish hop-dealers. Yet 
“the fact is even so; and we hasten to enter our 
“protest against a scheme which cannot fail to de- 
“ stroy the utility of one of our great public thorough- 


“ fares, and which, infinitely worse, is to bring dese- 
“ eration to the very altar of the noblest fane in Chris- 
“tendom, and to the sacred tombs of our nation’s 
“ greatest heroes! Cannon-street was certainly not 
* constructed to hold an open cutting, and we feel cer- 
“tain that, were the real facts of the case known, 
“* steps would be taken to save it and St. Paul’s from 
“such a desecration. ‘The people of London have 
“heard from the first that Cannon-street was to be 
“left as it is, and, but for the announcement now 
“ made by us, the belief in the integrity of its paving 
“might continue to exist until it was rudely dis- 
“pelled by the actual construction of the open 
“cutting. It is urged, we believe, in defence 
“of this admirable scheme, that St. Paul’s Church- 
“yard requires railway facilities, and that the 
‘new beer-cellars are not only required, but that 
“they should be made 304 ft. long, 96 ft. wide, 
“and 13 ft. 2 in. deep, leaving only 2 ft. 6 in. 
“ between them and the pavement under the great 
“dome. We have taken the measurements given 
* above from the drawings of the new line, which show 
“a very handsome parapet or balustrade on either side 
“ of the cutting up to the cathedral steps, and which 
“is removed about 100 ft. from many points which we 
“need not name. Whether the presence of sucha 
“ cutting, worked by five-minute trains is or is not likely 
“ to affect the value of warehouse property in Cannon- 
“ street, we leave others to judge. We have placed a 
** simple statement of facts before our readers, and we 
“trust that energetic steps will at once be taken to 
“ascertain why such a departure from the original 
* design has been permitted. It is, in many respects, 
“a direct breach of faith with the people of London, 
“and in any case an open cutting should only have 
“ been adopted as a last resource, and after careful 
“consideration. As far as we can learn, however, 
“the point has never been discussed beyond the 
* engineer’s office, and EnGinrerine is the first 
“journal to make the real facts known. We trust 
“ that we shall find them promptly acted upon.” 

This fine piece of information would, of course, be 
contradicted, and its concoctor ridiculed, by our con- 
temporary, Zhe Engineer, and, of course, as a matter of 
principle, we should not condescend to the slightest 
notice of either the correction or the ridicule, nor 
should we further refer to the matter at all. In a few 
days the Pall Mall Gazette might adopt the intelligence, 
which it would, of course, say was, but for the respect- 
ability of our authority, simply incredible. The Zimes 
would then copy from the Pall Mali Gazette, and Mr. 
Crawford, M.P., would at once publicly ask the 
President of the Board of Trade whether the statements 
we had made were true, and Mr. Crawford would get 
his answer. The engineer to the line would also state 
the facts in a letter to the Zimes, and would wonder 
how persons who had no admission to his office could 
speak of measuring drawings there which had no 
existence. In the meantime our journal would be 
talked of everywhere. 

Now the statements made editorially by Zhe En- 
gineer, of March 30th, were not one whit less un- 
founded or ridiculous than our parody of them in 
the present article. There could be no foundation for 
them. The Metropolitan District Railway, when it is 
made, can be made only comformably with its Act of 
Parliament and its recorded agreements with the 
landowners along the river. The sum to be paid to the 
Metropolitan Board of Works, for permission to run 
under the Thames Embankment, was long ago settled 
by an award of Lord Stanley. The subject of an open 
cutting from Westminster to Hungerford has never 
been entertained in the engineer’s office, nor have any 
drawings been made showing a handsome parapet or 
balustrade for such a cutting. We will forbear to 
make any further comments. We presume, however, 
that when the railway is actually constructed in the 
tunnel prescribed by Act of Parliament, Zhe Engineer 
will take to itself the ¢redit of having, by timely inter- 
vention, saved the Thames Embankment. 








FRENCH RAILWAY ENGINEERING. 

We have no published works in England of the 
character of the “ Nouveau Portefeuille de ’Ingénieur 
des Chemins de Fer,” of which a third edition has just 
been published by Lacroix, of the Quai Malaquais, 
Paris. ‘The first edition, published in 1843, and the 
second in 1856, were the works of M. Auguste Per- 
donnet and of the late M. Camille Polonceau, and the 
present edition is the work of M. Perdonnet and M. 
Jugéne Flachat, both among the most eminent mem- 
bers of the profession in France. Its importance lies 
rather in its magnificent atlas of plates, although the 








three octavo volumes of text contain a great deal of 








very valuable matter, besides statistics, &c., very little 
being professed in the way of giving the principles of 
construction. 

The plates, about 10in. by 14in., far surpass any- 
thing in the way of English engraving, an art which, so 
far as mechanical and engineering subjects are con- 
cerned, has now nearly succumbed to lithography. All 
are by M. Guiguet, a few of whose works, reproduced 
from coarser and less elaborate original drawings, are to 
be seen in Mr. Colburn’s work, now in progress, 
“ Locomotive Engineering,” publishing by Mr. Collins 
of Glasgow. 

The first plates are sections of earthworks, and with- 
in four -plates only we have 128 sections of cuttings, 
embankments, slopes, and ditches, each section being 
fairly entitled to rank as a work of art. Next come 
two plates, one with twenty-four double-headed, the 
other with eighteen flat-footed rails, all half size, and 
carefully figured and scaled. After these are plates of 
chairs, fish-jointing, and other modes of rail support ; 
and next a plate of bridge and Barlow rails; then 
several plates of points and crossings. How is it that 
the French engravers execute such magnificent work, 
within so restricted a space? A plate of Buddicom’s 
turntable, although the plan, at first sight, looks thin 
and sketchy, is wonderful for its minuteness of detail. 
We have seen no linear drawing like it, except the 
miraculous tracings which Captain Ericsson occasion- 
ally sends from America to his friends in this country. 
The plates of turntables and traversers are aie 
elaborate with the others. Some of them we hope to 
reproduce in our own pages; but our wood-cutting— 
and it is not bad in its way—will do but scant justice 
to the lines of M. Guiguet. Only one plate is devoted 
to signals, and these are not of the complete kind 
which Messrs. Saxby and Farmer are now introducing 
upon nearly all the English lines. 

The carriages are beautifully engraved, but one is 
disappointed in seeing cast-iron bosses and spokes 
rivetted up in bar iron for the wheels of express trains. 
One double plate is devoted to the imperial train of 
five carriages upon the Paris and Orleans line, and in 
which the imperial family and their suite journey to 
Biarritz. The whole length of this train over the 
buffers is 125 ft. 6in., being 25 ft. to each carriage, 
the body of each being 22 ft.7}in. long. Each car- 
riage runs upon four wheels, 3 ft. 10 in. in diameter, 
with a wheel base of 12 ft. Each is made with a 
strong under frame, carried in the usual manner by 
springs, and upon this the body of the carriage is sup- 
ported by a separate set of springs, three on each 
side, and allthe springs bear upon india-rubber. The 
axles, of Krupp’s steel, have journals only 64 in. long, 
which looks short for long and fast journeys. The 
foremost carriage contains a dinin g-hall, and is otherwise 
occupied by the Emperor’s suite ; the next carriage 
behind forms a verandah, with an ornamental 
balustrade around it. This and the foremost carriage 
have steps at the ends, and these are the only ones by 
which the imperial passengers enter or leave the train, 
the three state carriages having only end doors with 
communicating platforms, so that a free communica- 
tion is afforded from one end of the train to the other. 
The middle carriage, with the imperial crown and 
eagles over it, is the salon d’honneur, the next behind 
is the sleeping carriage, and the last is that of the 
Prince Impérial. The interiors of these carriages, 
even to the rich embroidery of the upholstery, is 
magnificently engraved in the work before us. 

The plates of stations are very numerous, and many 
fine architectural elevations are given, including those 
of the Eastern Railway Station at Paris. There are 

lans also of the vast station lately erected for the 
se Railway in the Place Roubaix. The plates 
of bridges and viaducts, in stone, brick, iron, and wood, 
are bewildering in their number and in the profusion 
of their illustrations. The details are not, perhaps, in 
all cases given with such minuteness as we could wish ; 
but great numbers are given, nevertheless. 

The concluding series of plates represent elevations 
and plans to a small scale of, speaking roughly, some 
reed of locomotives of English, Continental, and 
American construction. 

The whole work is a mirror, so to speak, of the 
railway practice, not alone of the French, Swiss, and 
German engineers, but, to a considerable extent, that 
of English engineers also. As a work of reference, it 
will take its place in the offices of large numbers of 
engineers in this country, and to the student it will be 
invaluable. A careful study of the various subjects 
described and illustrated might well occupy the spare 
time of the young engineer for many months together, 
and would in itself form a more complete course of in- 
struction of its kind than many beginners ordinarily 
obtain in many years. 
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SOLWAY VIADUCT. 
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Tue Solway Viaduct, now in course of erection, will form part 
of the Solway Junction Railway, a line about 22 miles long, ex- 
tending from Brayton, on the Maryport and Carlisle, to Kirtle- 
bridge, on the Caledonian Railway. The viaduct is to cross the 
Solway Firth just below Port Carlisle, the width of the firth at that 
point being about 1} miles at high water. The total length of the 
viaduct itself will be about 5000 ft., and will be made up as follows: 
161 spans of 30 ft. each from centre to centre of the piers, two swing 
bridge spans of 50 ft. each, with a centre pier of 24 ft., and eight 
double piers of 5 ft. span, placed at intervals of 480 ft. to specially 
provide for the adjustment of the contraction and expansion of 
the girders, in addition to the provision made for that purpose 
over each of the piers. The bed of the firth at the site of the 
crossing consists of shifting sand, with an understratum of 
gravel and till, and into this latter the cast-iron piles of the piers 
are being driven. Each pier, except those belonging to the 
swing bridge, consists of six columns, arranged as shown in the 
transverse section, Fig. 2. The external diameter of the columns 
is 12 in., and the thickness of the metal Jin. The upper lengths 
are connected by flanges 18in. in diameter and 1}in. thick, 
bolted together by lin. bolts. The bottom lengths or piles have 
sockets formed at their heads, and into these sockets the feet of 
the next length of the columns are inserted. 

As will be seen from Fig. 2, one column is placed immediately 
under each of the rails, the distance apart from centre to centre 
of the middle columns being 6ft., and that between these and 
the next outer 4ft.114in. Thecentres of the outside columns 
are 4 ft. Gin. from those last mentioned, making the width of 
each pier at the top, from centre to centre of the outside girders, 
24 ft. 1lin. The heads of the piles are connected by two half 
timbers, each 14 in. by 7 in., placed one on each side, and bolted 
together as shown in the figures. The columns are connected by 
bracing formed of double-ungle irons each 3 in. by 3 in. by } in., 
bolted to the flanges of the columns, and diagonal bars 8 in. by 4in. 
rivetted to these angle irons. In addition to this, the girders are 
connected above the columns by transverse girders having the 
webs composed partly of plates and partly of lattice bars, as 
shown in Fig. 2. The double-angle irons at the top and bottom 
of each of these cross girders are 8 in. by 34 in. by 3 in., and 
the lattice bars are 3 in. by 2 in., the plates forming the web be- 
tween the two central girders and the triangular gusset pieces 
on each side are }in. thick. The double piers consist of two 
rows of columns similar to those forming the single piers already 
described, placed at a distance apart of 5 ft. from centre to centre 
of columns and connected by lattice bracing. One of these 
piers is shown on the left-hand side of Fig. J. The manner in 
} my Teg diagonal bracing is connected to columns is shown by 

ig. 4. 

Each span consists of six lines of lattice girders, viz., four 
main or bearing girders, one under each line of rails, and two 
lighter outside Fr me The girders «re 2ft. 6 in. deep, and 
their undersides are 8 ft. above Figh-water aud 28 ft. above low- 
water level. In the case of the main girders, the bottom flanges 
consist of two angle irons 3 in. by 8} in. by }in., and a plate 
10 in. by > for the whole length, and an additional plate 17 ft. 
long by 10 in. by }in. in the centre of the girder. The top 

consist of two angle irons 3in. by 3} in. by Zin., and a 
plate 10in. by }in., 10 ft. long in the centre of the girder, and 
plates for the remainder of the length, 10in. by in. The 
vertical T irons between the top and bottom flanges are 4} in. by 
34 in. by in., and the lattice bars vary from 4 in. by gin. at the 
ends to 3 in. by jin. at the centre of the girders. In the case 
of the face or outside girders, the top and bottom flanges are 
formed of angle irons 3 in. by 3} in. by fin. The vertical Tirons 








are 4} in. by 24 in. by 3in., and the lattice-bars vary from 3 in. 
by fin. at the ends to 24 in. by Zin. at the centre of the girders. 
The girders in the 5 ft. spans are similar to those of the 30 ft. 
spans. The vertical strut at the end of each girder is formed of 
a pair of angle irons, and to these the angle irons of the adjoin- 
ing girder are connected by ten 1 in. bolts, a space of } in. being 
left between the ends of the girders to allow of their expansion 
and contraction. An enlarged elevation of a portion of one of 
the main girders is shown by Fig. 5, and a section is given in 


ig. 6. 
The tops of the girders are connected by buckled plates ,% in. 
thick, these plates a each 8 ft. wide ia the direction of the 
length of the viaduct. The arrangement is shown by the plan 
Fig. 3. The girders of the 30 ft. spans are also stiffened at two 
points in their length by cross bracing consisting of angle iron 
34 in. by 3 in. by 2 in., and diagonal bars 3 in. by jin. 

Upon the top of the four centre girders are placed longitudinal 
timbers 14 in. by 7 in., and upon these the chairs for the rails 
are fixed. Transverse timbers 6 in. by 4in., and 6 ft. apart 
from centre to centre, are placed between the longitudinals just 
mentioned, and these latter are tied together by 1} in. bolts. 
The outside girders support a hand railing about 3 ft. 3 in. high, 
consisting of two 1} in. iron tubes, supported by cast-iron stan- 
dards placed at a distance of 5 ft. apart from centre to centre. 
The total weight of the material of the viaduct is estimated at 
4127 tons, of which 1885 tons will be wrought and 2242 tons 
cast iron. The cost, including permanent way, will be about 
85,0002. The whole was designed by Mr. Brunlees, the engineer 
to the line, to whom we are indebted for the use of the draw- 
ings from which our illustrations were prepared. The works 
are being executed by Messrs. Waring Brothers and Eckersley. 








Tne Farse Atarm.—The Pall Mail Gazette, naturally 
wondering how a journal like The Engineer could concoct such 
a story as that of the open cutting along the Thames Embank- 
ment, says with reference to Mr. Fowler’s letter to the 7imes: 
“As Mr. Fowler has taken the trouble to write a letter in 
reference to the Thames Embankment Railway, it is a pity he 
does not say plainly and explicity what is going to be done. 
He appears to question the statement made by The Engineer, 
to which we called attention, that the embankment is threatened 
with destruction by an open cutting for the railway, but does 
not venture, as far as we can understand his letter, to give it a 
direct contradiction, Mr. Fowler assures us that ‘ no difficulty 
has arisen or is likely to arise in desigping these works, so as to 
be compatible with the preservation of the beauty and utility’ of 
the embankment; but then, of course, a railway engineer may 
have peculiar notions as to ‘ beauty and utility’ in such a case, 
and may think both attained by an open cutting. Mr. Fowler 
adds that the line ‘ will not interfere in the manner suggested, 
orin any other manner, with the roadway or with the other objects 
of that work.’ But here again there is a vagueness which we 
should be glad to see cleared up. A cutting might interfere with 
the embankment, but not with the roadway ; and ‘other objects’ 
may mean anything or nothing. If Mr. Fowler will say dis- 
tinctly that the line is,to go through a tunnel, and that there is 
to be no open cutting, there will be an end to public apprehen- 
sion on the subject. It may be remarked also as somewhat odd 
that the plans should not yet be prepared for a work sanctioned 
two years ago, and which, one would think, ought already to 
have been commenced.” The Pall Mall Gazette forgets that 
Mr. Fowler is bound by an Act of Parliament, which defines the 
length of the tunnel. It forgets that engineers seldom get out 
working drawings until they are wanted, and that the railwa 
cannot be commenced until the embankment is further advanced. 
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THE CLYDE FERRY-BOAT. 


In the number of this paper for January 26th of the present 
year we published an account of a ferry-boat which had been re- 
cently constructed for the Clyde trustees. The boat, which was 
intended for use in the Glasgow harbour, is, as was stated in 
the notice to which we have referred, 30 ft. long by 12 ft. 
beam, and is fitted with the arrangement of water-jet propeller 
patented by Messrs. Gwynne. The engines, which are high 
pressure, have two cylinders,} each 6 in. in diameter, with a 
stroke of 8 in., and they work a centrifugal pnmp 3 ft. 6 in. in 
diameter, placed horizontally near the centre of the vessel. We 
subjoin a report of some recent trials of this vessel. 

No. 1. Sream Ferry-Boat. 


Experiments tried 3rd of April, 1866. Calm water—no 
passengers on board. 





1. To turn completely round.—Made two complete turns, viz., 
from Ato B, B to A, twice in the same direction without 
stopping, in 1} minutes, with steam at 60 1b. pressure. In 
turning, the discharge ports, a b’, were open. 

II. To turn and reverse.—Made one turn completely round 
from A by B to A, with ports a’ } open, and reversed, without 
stopping, with the ports ab’ open, making one complete turn 
back to A in two minutes; steam 55 Ib. pressure. 

Ill. Time of trip from one side of harbour across and back to 
same side again.—I rom 20 minutes to 6 a.m. to 20 minutes 
past 6 a.m., made seven trips, with full cargoes of passengers, 
=5j minutes per trip, including stoppages. : 

(Signed.) AnrcHiBaLp Wuire, Master, 4th of April, 1866. 








Joun Hawxsuaw, Esg., C.E.—Messrs, Henry Graves and 
Company, of Pall Mall, are about to publish a portrait of Mr. 
Hawkshaw, the eminent engineer, and which will be a companion 

rint to that some time ago published by them of the late Mr, 
. K. Brunel. The portrait to be published is engraved by Mr. 
James Faed, from the original painting by Mr. J. Edgell 
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THE CORLISS ENGINE. 
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WE give a section of the cylinder of one of the Corliss engines 
made in Prussia, and exhibited in the International Exhibition 
of 1862. There are separate steam and exhaust valves, one of 
each to each end of the cylinder, and instead of sliding, these 
valves vibrate upon circularly bored seats. Above is the steam 
pipe, and at the bottom the exhaust passage. Steam is enter- 
ing the left-hand end of the cylinder, and the exhaust port, is 
open at the opposite end. 

In the diagram the centres of the respective vibrating valve 
spindles are seen in the same relative positions. A large 
vibrating disc is moved to and fro by the eccentric hook 
engaging a pin, the disc moving upon a stud fixed upon the out- 
side of the cylinder, midway of its length and height. Stud pins 
in the disc, which Mr. Corliss calls the “ wrist plate,” work the 
valves through rods or links, Short arms convey the requisite 
vibrating motion to the valve. The rods to the lower or exhaust 
valves are permanently connected to the wrist _ and valve 
arms. For the steam valves, however, the ends of the valve links 
engage the studs in the valve arms by edge contact only, some- 
thing like the action of the tinger-nails if one on one hand be hooked 
against one on the other. ‘These edges, perhaps 1} in. long, are 
upon pieces of steel, one of which is in the end of each valve link. 
The links act against the undersides of the pins in the valve 
arms, and the former are kept up only by light springs formed 
upon their ends, as shown, one end of each spring coming over 
and bearing upon the upper side of the pin. If the eccentric 
hook be moving from left to right, the left-hand steam valve 
jink will pull the valve arm with it and open the valve, and an 
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arm at right angles to the crank 
arm will lift the weight in the 


























air-cylinder or dash-pot below. Mi 
It is evident, however, that with Y 
the slight edge contact by Z 
which the valve is opened, and 7 
with only a slight spring to keep 
the valve link up to its work, 
the latter may be very easily dis- 
connected. This may therefore 77 
be effected by the governor. The Hy 
horizontal rod at the top is Z 
connected to the governor, and Z 
slides to and fro with the varia- 
tions in the speed. Connected to this rod are two inclined planes 
which move with it. Two vertical studs, held up by light 
springs, are pressed upon by the under surfaces cf these inclines, 
and the lower ends of these studs, if the speed be greater than 
intended, will thus be pressed down against the valve links, and 
willeforce them down out of edge contact with the valve arms. 
The point in the stroke of the valve links, or, we will say, in the 
stroke of the piston, at which disconnexion may be effected will 
be according to the speed. It cannot take place later than half 
stroke, but it may be at any earlier part of the stroke. The 
moment the disconnexion is effected, the valve, which moves 
freely as there is then the same pressure in the cylinder as in 
the valve chamber, is instantly closed by the weight in the air 
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cylinder, which has the arrangement shown for checking the 























fall of the weight by cushioning near the bottom of the cylinder. 
Mr. Corliss varies the details of this =~ in very many ways, 
but the general mode of moving the valves, and isengaging | y 
interrupting the edge contact of the links, is the same. The 
gear may look complicated, but it wears well in many hundreds 
of Corliss engines in America and in y, and in a few 
even in Scotland. The advantages of the gear are a sudden 
opening of the valve, short steam ports, and little waste of 
steam, slight valve friction, and, above all, the most perfect re- 
gulation of the speed under varyin; loads by varying the ex- 
pansion. Mr. Spencer has improved upon this gear so as to 
adapt it to quick-working Corliss engines, and, as we have men- 
tioned in former numbers, the improved engines are coming 
into extensive use, 





PLAGIARISM OF COMMANDER SCOTT 
FROM ERICSSON. 
To THE Epitor or ENGINEERING. 

Sir,—At a recent meeting of the Institute of Naval 
Architects, Commander Scott, as is well known, read 
a paper descriptive of his form of gun carriage and 
compresser, which is an exact copy of that formerly 
employed by Ericsson in his monitors, but which has 
since been superseded by the improved form of car- 
riage with revolving compresser, of which you pub- 
lished a drawing and description last week. It is cer- 
tainly a cireumstance which needs explanation to find 
any man, at this time of day, putting forward as his 
own a contrivance so widely known as the compresser 
of Ericsson, and which has been used in his monitors 
and other vessels during the late American war; and 
I should be glad to learn what Commander Scott has 
to say _ this subject. Nor does it speak much for 
the intelligence or information of the Admiralty to find 
it now testing, asa novel contrivance, the worn-out 
devices of otier countries. The fault of this com- 
presser is that the serews by which the compresser is 
released to enable the gun to be brought forward are 
so tightly jammed in the case of heavy guns, and it 
becomes so difficult to release them, that the fire is ne- 
cessarily slow. But this fault is completely remedied 
by Eriesson’s last improvement. J hope Com- 
mander Scott will be able to show that he has not 
been seeking to attract the public admiration of this 
country by dressing himself up in Ericsson’s old 
clothes. 

I enclose a description and section of Ericsson’s 
compresser, taken from Mr. Scott Russell’s book on 
Naval Architecture, in order that those who are fami- 
liar with Commander Scott’s plan may be enabled to 
discern the closeness of the unacknowledged imitation. 
—I am, &c., AN ENGINEER. 

(Mr. Scott Russell, after describing the armament of the 
Monitors, says (page 650): 

“The mechanism of the gun-carriage is worth study. It isa 
Wrought-iron carriage made of angle iron and plate iron, shown 
im the annexed figure. Immediately under the gun, in the 
centre of the slide platform, will be seen the arrangement for 
bringing up the gun by a compresser of a peculiar kind. Five 
iron plates project from the bottom of the gun-carriage and 
slide, between and outside four beams which are bolted to the 
slide. A screw, worked by a small hand wheel, opens out two 
levers which join the plates and beams, thus producing a pres- 
sure which is found sufficient to bring up the heaviest gun within 
any short space that may be found expedient. The hand wheels 


of the gun-carriage are also worked by spur gear, so as to run 
the carriage easily forward.” 




















[ Ericsson's compresser is shown in Fig. 1, and we give in Fig. 2 
a copy from a contemporary of a section put forward as that 
of Companies Scott’s compresser, as “ designed” by him, and 
we think it will be admitted that it is identical with Captain 
Ericsson’s as fitted in the Monitor of 1862.—Ep. E.] 
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A Treatise on the Screw Propeller, Screw Vessels, and Screw 
Engines, as adapted for Purposes of Peace and War. By 
Joun Bourns, C.E. New Edition, greatly enlarged, 
with the addition of so much new matter as vittually to 
constitute a new work, London: Longmans and Co. 
Parts I. to VII. 1866. 

Tuts is a new edition of a work already well known 
to engineers, and it discusses topics of the greatest 
interest and importance to the whole community. 
Most of our mercantile vessels and all our modern 
men-of-war are screw vessels, and any work proposing 
to discuss the qualities or to direct the construction of 
screw vessels must travel over nearly the whole sub- 
ject of steam navigation. The work opens with an 











account of the various projects of screw propulsion 


which have been propounded, and of the various 
attempts at improvement which have been made up to 
the present time, and as it advances it will no doubt 
investigate all the most a topics connected 
with screw vessels which still demand elucidation. In 
the Appendix is given a summary of the experiments 
made in France to determine the best proportions of 
screws of two, four, and six blades, and especially the 
particular pitch which in each kind of screw and in 
each type of vessel will give a maximum performance. 
An elaborate table is given of the dimensions, 
power, speed, and other particulars of all the vessels in 
the British navy brought down to 1865. 

The whole of the plates of this edition, in the parts 
which have already appeared, are new, with the excep- 
tion of one plate, which exhibits a comparative view of 
the different forms of direct-acting engines. The new 

lates represent the engines of the Warrior, Black 

rince, Achilles, Minotaur, Northumberland, &. ; the 
paddle and screw engines, lines, and various other par- 
ticulars of the Great Eastern; the engines of the gun- 
boat Shearwater; the engines of the Lord Clyde and 
Surat; Mangin’s screw as applied in the Favourite ; 
and portraits of F. P. Smith and John Ericsson. The 
whole of the plates are engraved in the very first style 
of art, and the subjects so far exhibit a determination 
to bring the work up to the level of the highest and 
last development which the art of steam navigation has 
yet received. We anticipate important revelations 
when the subject of vessels of war comes to be con- 
sidered, as it is within our knowledge that Mr. Bourne 
has given much consideration to that important branch 
of engineering, and that he has endeavoured to inform 
himself accurately of whatever has been done in this 
direction of worth and novelty, both here and abroad. 








Supplement to the Treatise on the Turbine, or Horizontal 
Water-Wheel. With two Plates. Specially designed for the 
use of Operative Mechanics, By Witu1am CULLEN. London: 
E. and F, N. Spon, 16, Bucklersbury. 

Mr. Cutien’s former book on the Turbine is well 
known and appreciated. The present work contains 
rules and tables for proportioning, and directions for 
constructing, overshot, breast, and undershot wheels, 
and it contains also tables of the disc of water 
over weirs, tables of the diameters of wheels of various 
pitches, and teeth, &. To millwrights, and to many 





others, the work will be found useful. 











260 


ENGINEERING. 


[Aprit 20, 1866. 








THE WATER-JET PROPELLER. 
To tue Epitor or ENGINEERING. 


Sin,—We observe in your number of 13th inst., at 
page 235, a description of Ruthven’s propeller, with a 
report of the trials of the Nautilus, built under Mr. 
Ruthven’s directions. 

We have turned to Messrs. Ruthven’s patents of 
1839 and 1849, to which you refer, but we do not find 
any description of, or reference to, the use of four 
outlets for the water, as described in our patent of 
April, 1862, which, in our opinion, account, in a great 
measure, for the great improvement in the results pro- 
duced by Mr. Ruthven’s present experiments over those 
formerly made by him. 

In your issue of January 26th, page 61, you gave 
a description, accompanied by ilfastrations of the 
Clyde ferry-boat, built for Glasgow harbour, under our 
patent, and which has been in constant action there 
since November last, giving most satisfactory results. 

The application of four water-ways to Mr. Ruthven’s 
boat is an infringement of our patent. 

We are, Sir, your obedient Servants, 
GwYNNE AND Co. 
Essex-street Wharves, Strand, London, 17th April, 1866, 


HEAVY PASSENGER ENGINES. 

THE subject which we raised last week in connexion 
with the incline of 1 in 27 on the Hampstead Exten- 
sion of the Metropolitan and St. John’s Wood line has 
much interest for locomotive engineers. Without 
knowing anything of the plans which the engineers to 
the company may decide upon, we nevertheless see 
much room for discussion as to the kind of engine to 
be adopted for working passenger trains upon such 
gradients. Engineers have long been familiar with the 
incline of 1 in 27, and three-fourths of a mile long, at 
Oldham, and which, originelly worked by a rope, was 
first worked by ordinary locomotives in 1854. Messrs. 
Fairbairn and Sons’ tank engines, weighing 27 tons, 
and having four coupled driving wheels 56 ft. in dia- 
meter, besides leading wheels, 15 in. cylinders, and 
24in. stroke, have taken nine carriages, weighing 50 
tons, up this gradient. They went up, of course, with 
a full pressure of steam, which the St. John’s Wood 
engines, working in a tunnel, cannot maintain; and 
the speed on the Oldham incline was but fifteen miles 
an hour. The resistance of the engine and train, due 
to gravity, was 2 tons 17 ewt., and that due to friction, 
say, 10 ewt. or ]1 ewt. more, the total resistance being 
less than 34 -tons, and this would correspond 
with 87 lb. mean effective pressure upon the pistons. 
The St. John’s Wood engines cannot maintain such a 
pressure as this, all the way up; and they require, 
moreover, much additional power, in order to get away 
from the station, halfway up the incline. It is doubt 
ful whether (from being compelled to let their steam 
run down in the tunnels, where the blast cannot be 
turned up the chimney) these engines could maintain 
much more than two-thirds of 87 lb. or, say, 58 lb. mean 
cylinder pressure on leaving the station. But even 
supposing 87 lb. to be held not merely in the boiler, 
but in the cylinders, it would require, for a gross weight 
of 77 tons, as on the Oldham incline, an additional 
pressure of nearly 22 1b. upon the pistons, or, in other 
words, pistons having 25 per cent. more area, to get 
the train into a speed of even 15 miles an hour within 
the space of one minute. But one minute is a long 
time to occupy in getting into so slow a speed, and the 
work ought to be done in half a minute, and we should 
thus require 50 per cent. larger pistons for a given 
weight in motion. This would give*18} in. cylinders, 
2 ft. stroke, and 5 ft. wheels, and thus a much heavier 
tank-engine than one of 27 tons would be required. In 


the case of the Hampstead trains, the least weight of 


the loaded carriages would be more than on the Oldham 
incline, and, with the additional weight of the engine, 
much more resistance is encountered ; so that we soon 
reach the conditions in which 20 or 2] in. cylinders are 
required, and 40 or 42 tons of adh ssion weight. 

‘he case of the Hampstead incline, which is half as 
steep as that of the Mont Cenis Railway, offers an op- 
portunity for the consideration of many plans for 
the engines. Mr. Fairlie has put forward a good 
case for his plan, with four cylinders and two swivel- 
ling bogies, having each four coupled wheels. We 
understand that his engines have done exceedingly 
well on the Neath and Brecon and the Anglesea Cen- 
tral Railways, and they are either already at work, or 
soon will be, on the Central Railway of Venezuela. 
Then there is the expedient, too, which might be tried, 
of fitting cylinders, valve gear, and coupling rods to 
the foremost carriage, as Mr. Sturrock fits the same 








arts to his tenders. If ever there was a case for the 
ves system, known here as Mr. Sturrock’s, the 
Hampstead incline furnishes it. Possibly, too, some 
one may propose the middle rail of Mr. Vignoles and 
Captain Ericsson, as afterwards applied by Mr. Sellers 
in the States, and by Mr. Fell a Mr. Alexander here 
and on Mont Cenis. Mr. Bridges Adams has given 
the subject much attention too, and he proposes a 
single pair of very large cylinders with six wheels 
coupled by rods, and with frictional coupling from 
these to a pair of radiating wheels at each end. 
Although the Metropolitan and St. John’s Wood Rail- 
way Company are not likely to invite any competition 
in the matter of designs for their heavy passenger en- 
gines, they having already at their command the best 
talent in the kingdom, their line affords an indication, 
which will be duly noticed by engineers, of what is yet 
likely to be required of railway locomotives. 





HEAVY PASSENGER LOCOMOTIVES. 
To THE Eprror or ENGINEERING. 

Sir,—In your impression of April 13th, you give some 
statistics of the power and weight of the ordinary type locomo- 
tives that will be required for working the passenger trains on 
the Metropolitan onl St. John’s Wood Railway from Baker-street 
to Hampstead, and while endorsing every word you have 
written as to the power required for working this line, I hope 
you will not consider it out of place if I mention a few particulars 
of my patent engine, lately illustrated and described in your 
paper, and compare its power with the 55 ton engine you 
propose for the line in question, to work which efficiently 
under the conditions mentioned, three distinct essentials are 
requisite, namely, great generating power, great cylinder power, 
and great adhesive power, and I may also add a fourth, namely, 
the power of passing round the sharpest curves without any 
appreciable extra friction. 

My saying that I believe it is almost impossible, consistently with 
any degree of economy, to obtain these four conditions with the 
ordinary type of locomotives is perhaps what might be expecte: 
from one who is advocating a new system. At the same time feel- 
ing strongly that my engine contains every one of these essentials, 
I ask to be permitted through the medium of your valuable 
and influential paper to endeavour to prove this, but whileloing 
so npmatatediode 3 rely solely on actual experiment to bear 
out every assertion | make. 

In the first place, generating power. No one will, I think, 
dispute that the power to generate steam, with two barrels and 
two sets of tubes, each leading in opposite directions from a 
central firebox, must be greater than with the ordinary single- 
barrel boiler, it being a well-known fact that the steam genera- 
ting power of tubes is more than twice as efficient within three 
or four feet of the firebox than all the rest of the tube surface, 
no matter of what length. Besides these advantages, I get 
nearly double the capacity of boiler power for supplying the 
necessary quantity of steam to cylinders of large dimensions. 

It is admitted that the pressure in the boilers of the Metro- 
politan engines, considered the best and most powerful engines of 
the day, becomes reduced to 70 lb. per square inch, resulting 
most decidedly from incapacity of boiler power. 

Again, with this system of boiler the weight always remains 
in the same proportion on each wheel, no matter how the total 
weight of the engine is altered by the consumption of water and 
fuel; the simple fact being, the cylinders use a greater quantity 
of steam than the boiler can supply, consequently the pressure 
of steam must get reduced in proportion as the supply falls short 
of the demand. 

Secondly, great cylinder power. By the use of four cylinders 
I can practically obtain any amount of tractive force that is ever 
likely to be required on railways, which is next to impossible 
with existing locomotives, from the great difficulty which must 
exist in fastening securely two cylinders of large diameter to the 
framing. Add to this the great strength and consequent weight 
on the motion parts of a locomotive with cylinders of a large 
diameter. 

Great adhesive power. This is another point in which I con- 
sider there is a great superiority in the principle I advocate over 
the present system. Is it not an indisputable fact that the 
entire system of railway construction in this country is made 
subservient to the locomotive alone, and not by the traflic on the 
line? Why should this be so? The answer is simple enough. If 
we must take loads, we must have adhesion on the rails, and to get 
adhesion we must put weight on the wheels. 1 will not take up 
your valuable space by an argument on this point, which to 
many would appear reasonable enough. (This question will be 
found fully discussed and, I think, settled in a Tittle pamphlet 
written on the subject of my patent locomotive some time ago, 
and which I shall be happy to send gratis on application to any 
of your readers interested on this subject.) But it is an unsound 
reason. I maintain and can prove that any amount of adhesion 
can be obtained without in the least damaging the permanent 
way, to keep up which, under this most injurious system, a 
large portion of the dividends that ought to go into the pockets of 
the shareholders is applied, and which little fact should receive 
their earliest and earnest attention. 

Take, for instance, the amount of adhesive force you very 
pony state will be required to perform certain duties on the 

ine in question, viz., 42 tons on six wheels, giving 7 tous on 
each wheel on a base of not more than 9 ft. 6 in. or 10 ft. One 
has only to imagine 42 tons ploughing along on a base of 10 ft. 
to give some small idea of the immense wear and tear to the 
permanent way which must follow; neither must it be forgotten 
that there is, besides these 42 tons, a bogie-frame and four 
wheels, weighing 13 tons, perfectly useless, except for ne 
ing the leading part of the engine; and when taking the figures 
you have given, viz., that three carriages weighing 45 tons, and 
15 tons ry cy will be as much as the engine can take on an 
incline of 1 in 27 up to Hampstead, it follows that the 13 tons 
useless load of the bogie becomes a very serious item indeed, being 
within 2 tons of the totab load of passengers, from which alone 


revenue is derived. In my system, as you are aware, there is no 
useless weight, every pound weight being available for traction. 

As regards the question of passing easily round sharp curves, 
I consider I need not enter into this matter, but to quote a very old 
saying, “‘ The proof of the padding,” &c., is the best sort of argu- 
ment. I beg you will do me the favour to publish with this com- 
munication a letter I received this morning from Mr. John Dick- 
son, the contractor of the Neath and Brecon Railway, who has 
had one of my medium-sized patent engines at work for some 
time. It is sufficient to show that a 2} chain curve on an 
incline of 1 in 30 is daily worked at the ordinary speed with per- 
fect ease, and that fifteen trucks (remember, on a new line), 
weighing 190 tons gross, with the ordinary lever brakes on each 
truck, and each brake down, could not stop the engine up an 
incline of 1 in 50. 

All theories vanish before these two simple facts of actual 
work done; they speak for themselves on every point I have 
mentioned as necessary in the locomotive engine. 

The small contractor’s engine, called Mountaineer, Mr. Dick- 
son speaks of as taking 170 tons up a long gradient of 1 in 70. 
She has four cylinders, 10in. in diameter, 16in. stroke, eight 
wheels 4 ft. in diameter, weighing, in working order, 22 tons, or 
22 tons on each wheel, being actually less than the weight on an 
ordinarily-loaded waggon-wheel. 

Ropert F, Farrcie. 

56, Gracechurch-street, London, E.C. 

“ Dicar Str,—I am in receipt of your letter of the 16th, and 
in reply to your inquiries respecting the ‘ patent’ engines, I can- 
not but express my belief that they will do all you have led me 
to expect. I have not put them to any severe trial, having had 
no occasion to do so; but it may be satisfactory for you to learn 
that the large engine ‘ Progress’ has to pass over a temporary 
piece of road where there is a curve of only 2} chains radius, on 
a gradient of 1 in 30, which she does with the greatest ease and at 
the ordinary speed. The other day our men, curious to know 
what she could do, while ascending a gradient of 1 in 50 with 
fifteen trucks of 12 tons 10 ewt. each, gross, put down all the 
breaks of the trucks, but they failed to bring her toa stand. 
The smal! engine ‘ Mountaineer’ is exactly the type of engine 
long wanted for branch lines with a heavy traffic. We tried her 
in the presence of a number of gentlemen with a load of 170 tons 
up a long gradient of 1 in 70, and were able to maintain a speed 
of from 16 to 18 miles per hour, with the steam blowing off all 
the time. 

“T am, dear Sir, yours truly, 
** Per pro Joun Dickson, W.R.Q. 

‘ Neath and Brecon Railway, April 18th, 1866.” 


TRACTION ENGINES. 
To tHe Epiror or ENGINEERING. 

Str,—Mr. Allen states, in his letter to you of the 10th inst. 
(published in last week’s issue of ENGINEERING), “that 
“ the information I received, personally, from the foreman of the 
‘¢ works, was that the pressure in boiler was only 80 Ib., and the 
‘* speed only 120 revolutions.” 

This assertion is incorrect, as the information I gave Mr. 
Allen had no reference to the traction engine used at the trial 
in question, nor, indeed, to any traction engine whatever; but 
was given in course of conversation about portable engines, and 
related to a 10 horse power portable engine under examination 
at the time. ‘ 

I may add that, had I been willing, I was unable to state 
either the pressure or speed of the traction engine during the 
journey from Maidstone to Tenterden, simply because I did not 
accompany it. lam, Sir, 

Your obedient Servant, 
Henry RAWLINSON, 
Foreman to Messrs. Aveling and Porter. 
Rochester, April 18th, 1866. 
ARCHED ROOFS. 
To THE Eprror oF ENGINEERING. 

Sir,—I see from your notice of Mr. C, Wessely’s paper on 
Arched Roofs, that that gentleman stated, there was little in‘or- 
mation to be found in English literature, and not much more in 
that of other nations, on the subject of the strains on arched 
roofs. ; ) 
I do not know if the fact was stated in tle discussion, but in 
the “ Nouvelles Annales de la Construction,” Sept. 1864, and 
subsequently, the subject was treated in great detail. Tables 
of horizontal thrusts for a stated load per square metre, are 














given for arches of 10° to 90°, =} angle at centre. Methods, 
geometrical and algebraical, for finding the shearing — 


bending moment at any point are also given. 
8, Adelphi-terrace, March 21, 1866. at 
[it will be seen by the date of the above letter that it has 
been misiaid.—Ep. ENGinrerine. ] 


Marine Stream ENGines.—Joln Elder, Esq., of the firm of 
Messrs. Randolph, Elder, and Co., shipbuilders and engineers, © 
Glasgow, will read a paper at the Royal United Service _— 
tution, Whitehall-yard, on the evening of Monday wee 
(April 30th), at half-past eight, on Marine Steam Engines. 

CorrerDAMS AT THE THAMES EmpankmeNT.—A ~— 
system of damming was adopted in_ the constrac-tin - 
a part of this river wall. Instead of the ordinary —_ 
sheet piling with puddled clay between, oval iron ees 
12 ft. 6 in. long by 7 ft. wide, in lengths of about 5 ft., were les 
down into the clay side by side, about six inches apart, 1 thec _ 
Grooves were formed down the sides of the caissons ito eo 
timber keys bedded on felt were driven. It was found = 
although at first they resisted the admission of water aay 
they could not entirely withstand the intermitting * Seed 
brought upon them by the rising of the tide, and be rs poe 
of trouble was experienced in keeping them tight. ng — 
works as the Thames embankment, where a great ae, 
work has to be executed in short pieces, they can yn 
ably employed, because they can be used fopemsedly. A “ oe 
as the bottom lengths are left in, to a height of a r hg 
below low water, and filled solid with concrete, they ron ao 
admirable toe to the river wall, and will effectually resist 4°) 











tendency to slip. 
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THE NORTHUMBERLAND. 

Ar length, after the fourth attempt, on Wednesday, the 
Northumberland has been safely sent afloat, having remained 
almost to the hour and minute exactly one month on the ways 
from which it was first endeavoured to launch her. The great 
mechanical effort involved in lifting and floating this vessel was 
one which even the most experienced shipwrights and nautical 
engineers looked forward to with the utmost uncertainty and 
anxiety. All the preparations, however, had been made with the 
most — exactitude, and the floating and pressing power em- 
ployed around the ship was of itself almost enough to move her 
weight, even when not half water-borne by the rising tide. The 
whole of the cradle had been rebuilt and regreased. A flotation 
power of empty barrels had been lashed under the bows, and all 
the old and new-built timber buoys were also employed. No less 
than seven hydraulic presses were used to push the cradle 
down, and to lift the fore part of the vessel. ‘Three of these— 
one of 1000 and two of 400 tons pressure—were placed beneath 
the keel, so as to assist in lifting the huge hull forward and 
relieve the weight where it most bore upon the launchingways. 
Four other hydraulic rams were fixed with iron backings, so as 
to thrust against the cradle and force it down the incline which 
led to the river. Two were of 600 tons power each and two of 
400 tons, giving an aggregate of 1800 tons upward lift, and 
2000 tons downward pressure towards the water. The two 
smaller rams, however, under the fore foot of the vessel were 
not much used in getting her off, and were meant simply to 
supply the place of the common wooden blocks generally used on 
these occasions. The floating power which the “ camels” and 
lines of empty barrels gave was equal altogether to about 
1600 tons. The vessel itself, when immersed at high tide, 
would, it was calculated, be reduced in its weight upon the ways 
by about 4000 tons more, so that literally no greater weight 
than 1500 tous would remain to be started, to effect which the 
hydraulic power was much more than equal. Before 2 o’clock 
the ship showed such unmistakable signs of yielding to the 
enormous powers of flotation which had been placed under her 
that it was unanimously decided to continue the launch. 
Shortly after 2 o’clock the vessel began to lift visibly by the 
stern, and by half-past two she had risen seven inches off the 
launching-ways aft, and nearly an inch under the cradle for- 
ward, where she is now known to have “ nipped.” Soon after half- 
past two, the vessel began to move slightly, but still perceptibly, 
down the ways, and in the course of a few minutes had glided 
more than an inch-and-a-half, and so jammed the struts which 
had kept her upright that it was with great difficulty they 
could be removed. In spite of these indications of her live- 
liness, however, it was very wisely determined not to give the 
signal for working the rams till the river was clear and all 
else in readiness. Such an opportunity did not occur till close 
on three o’clock, when the men were set to work at the hydraulic 
presses. There were a few minutes of intense anxiety as the 
gangs heaved at the pumps, and the huge crowds assembled 
in all directions kept cheering. Then the vessel at last seemed 
to move, and as she did so she drew the anchors which moored 
her to the earth, and their sudden appearance created rather a 
panic among the crowd of spectators who were standing directly 
in what would be their line of march if the vessel pulled them 
after her. Very fortunately the chain cables were let go by the 
run, and as they came with a thundering rattle out of the hawse- 
holes, the Northumberland glided slowly, but with the most 
perfect ease and regularity of motion, into the river. It is really 
almost impossible adequately to describe the enthusiasm with 
which her going off was greeted. There had been so many, and, 
we may add, such well-founded fears both of accident to the 
ship and those engaged in getting her afloat that it seemed as if 
the joy both of the workmen and spectators was almost boundless 
at beholding her safely afloat in. the water without accident of 
any kind. The instant she got into the stream the tide took her 
up the river, and though haifa dozen powerful tugs at once 
grappled with her and tried to tow her down, they were for a 
time powerless, and it seemed as if, after all, the Northumber- 
land would go ashore. Fortunately, the high wind, setting 
against the tide, assisted the efforts of the steamers, and in the 
course of about half an hour the ponderous hull was brought to 
the moorings laid down for her, and where we may also mention 
a deep hole has been dredged in the river bed, especially for her 
accommodation. ‘The cradle and all the “ camels” still remained 
under her, but these have been removed, and the Northumber- 
land will be towed into the Victoria Docks, where her engines 
will be fitted by Mr. Penn, and where her final equipment will 
be completed. 








THE RESISTANCE OF STRUTS. 
To THe Eprror oF ENGINEERING. 

_ Sir,—Will you allow me to make a few remarks on an article 
in your last impression, “‘ The Resistance of Struts”? I allude 
particularly to the four experiments in which a portion of the 
material of the strut is completely cut off. It is mentioned in 
the article that this is a method “sometimes practised in bridge 
work.” I do not think that any engineer would employ such a 
method of attaching a strut of any of the four sections described 
to another contiguous portion of a structure. Whenever the 
double-angle irons between which the strut is rivetted cannot be 
placed sufficiently far apart to allow of the insertion of the strut 
in Its entirety, one of the flanges ought to be forged out flat, and 
the whole sectional area preserved intact. Without wishing to 
detract from the value of the experiments recorded, it certainly 

oes appear rather a waste of time and labour to undertake 
them with a view of demonstrating that one flange of an angle 
iron or other section is not so strong as two. ‘To cut off half of 
% section, and to quote “au grand sérieux” that the result of 
the experiment shows a diminution of strength in comparison 
with the whole, would lead one to imagine that Mr. Davies was 
ignorant of the first great principle attending the employment 
of every piece of material, viz. that its strength lies in that of its 
Weakest part.—I remain, Sir, yours, &ec., 

Clapham, 14th April, 1866. Tuomas CaraILt, C.E. 


, (The form of strut in question, or rather the mode of connect- 
ng it with other members, is, nevertheless, very often employed 
in vent bridge work and in roofs, ‘ 
Ep, NGINEERING. ] 


We have often seen it.— 











THE UTILISATION OF SEWAGE. 













































































CROYDON. SOUTH NORWOOD. 
a to to 
he t a 
$o3 2 r g $ s au 8 5 a 
GK pot = o e _ z & yy . Ss 
SHo oy S3 oF oe os °3 og = Temperature of 2 
E33 a 5a ee Es | be Sa Eg ES atmosphere. “ 
Date. E02 fa ee 3 235. z 348 34..139.. hee 
2&3 £8 £° Ed Bed £5 £ Bod | Sd = 
a5 Ras 2% 2s 293 28 2% | 288 | 8893 S 
Eve, Peas es s re 23 = os oS eS : Ss 
BeuG| BSE BE BR. | BES Es 8& | Fs | Bes | Maxi-| Mini | 4@ 
BASE | BES Ha H2s Has He BH? |8#23 )e823 | mum} mum] ¢ 
1865, 
Feb. 13 34° 51° 55° A 29° 38° 36° 36° 3l° 24° 
oe a “ *31° 41° 39° sae | 83° 10° 
» b ae x ie eee 28° 40° 40° 33° 35° Ww? 
a 33° 51° 534° 49° 34° ua? 40° aye 34° 40° 28° 
» 17 |{Seow }) si 49° #34° 39° 38° 38° 40° 29° 48 
a lng 
wi ace’ | ot 49° 3 2 41° aoe | 297 | ger | aee 35° 10 
— x a Ba, me 33° 40° 35° 35° 38° 20° 
sae 32° a 49° 49° 35° 36° 39° 38° 33° 36° 29° .08 
» 22 39° 52° 51° ds ds 43° 40° 40° 41° 47° 35° 
» 28 50° 53° 51° a 48° 41° 41° 45° | = 52° 42° 
ne 42° 53° 433° - a 3° 42° ee ry lai i 30° 60 
» «25 444° 52}° 504° te . 45° 41° eee 44° | ~=«(50° 35° 
.- a 46° 523° 504° Re 46° 42° ose 46° 53° 40° 
- a 51° 524° 50° i . 48° 43° a 48° 51° 38° 
Mar. 1 47° 52he 50° = 47° 42° mead 45° 50° 40° 
ar 48° 52he 50° i _ 47° 43° ae 47° | 48° 30° 20 
~ = 44i¢ 52ke 52}° ‘ a 45° 42° eee 45° | = 50° 20° 
» #& 444° 53° 514° i 46° 423° os 45° 48° 30° 16 
= 41° 53° 504° 40° 42° 41° 40° | 41° 31° 25 
ca 41° 52° 504° : 40° 41° 40° 40° | 44° 24° 
Ee ® 41° 52° Boe ; 39° 41° 40° 40° 44° 30° 
» 9 394° 52° 51° ‘ 41° to 33° 41° 40° 40° 45° 29° 06 
~ 45° 524° 51° J 43° to 37° 41° 41° 43° 43° 33° 12 
o = 43° 52° 51° #3 41° to 35° 42° 41° 41° 45° 33° 08 
. 39° 524° 51ie ; 41° 42° 42° 43° 47° 32° 
. 4 40° 52° 51° : 3y° 42° 42° 41° 43° 33° 
ae 33° 524° 51° if 38° 42° | 40° a8ye | 89° 32° 
» 16 413° 53° 514° 4 43° 42° 43° 46° 45° 27° 
» 17 43° 524° 51) eve va oe eee 46° 25° 
<a 44° 524° 51 40° 42° eos se 42° 33° 
» 20 334° 524° 51}° 42° to 32° | =415° | = 40° 3y° 35° 24° 
» 2 39° 524° 514° ga° to 54° | alge | aie 43° 41° 2s° 
a 43° 53° 51° bike wah eve ee 44° 22° 
» 24 44° 53° 52° ose . 45° 21° 
” 35 > so 53° ‘ ‘ 45° 31° 
» 27 43° 534° 52° ° . 42° 23° 
» 28 394° 55° 53° ; ; 49° 25° 
» 30 | 47 55° 53° . - ” A 26° 
he 59° 54° 53° : " . + “ 
April 1 56° 53° 52° oe 56° 2° 
a 3 56° 534° 53° 3 “ 59 36° 
ee 60° 534° 53° * “ 62° 38° 
oe 58° 534° 524° 4 ” . 59 47° .09 
. 6 60° 534° 53° . ose . os G5" 44° 
o % 62° 535° 524° . : . ” 66" 40° 
a 67° 534° 534° - “ 75° 37° 
‘oe 67° 534° 54° . . ove . 28 37° 
i. an 66° 533° 53° é ove . 73 38° 
12 
” 
1866. 
Jan. 20 52° 52° 49° 494° 
* Snow on ground, 
SOCIETY OF ENGINEERS. water should be one of the first considerations of the sani- 
: pei tary reformer, upon sanitary grounds, if upon no other, water 
April 9th, 1866. that has been once used to fulfil the domestic pecpaee of man 
Zerah Colburn, President, in the Chair. should not again be turned into a stream from which it is probable 
“ The Utilisatian of Sewage,” by Baldwin Latham, C.E., his fellow man may draw his only supply of water, without being 
7 first effectually purified. 


Croydon. 
(Continued from page 244.) 

By referring to the foregoing tables it will be seen that in time 
of frost the sewage has a high degree of temperature, which it 
loses when passed on to the land again, It has been found that 
when the atmospheric temperature is greater than the sewage, 
and more especially in sunny weather the sewage increases in 
temperature on passing over the land so thut the effect of the 
application of sewage is to moderate the temperature of the 
land. The value of temperature is soz reat that in all irrigation 
works it cannot be overlooked ; aud what is of greater import- 
ance to know is that, in the absence of heat, its effects, to a great 
extent, may be produced .: giving an increase of velocity to the 
flow of the sewage, as it has been found from experience that 
motion is equivalent to temperature; consequently, in all irri- 
gation works where it is possible, the lower fields may advan- 
tugeously have a greater rate of inclination than the fields that 
first receive the sewage. 


Dilution of Sewage, and the various measures that have been 
py | for obviating it. . 

The extreme state of dilution in which the fertilising matter 
is often found in sewage has been used as an argument by many 
persons against its being applied to agricultural purposes; with 
others it has been an argument for the introduction of dupli- 
cate system of drainage, one set of sewers for the rainfall, the 
other for the sewage proper; again, with many it has been the 
plea for abandoning the watercloset system, and adopting some 
other system not requiring the presence of water for effecting 
the removal of fwca! matter. In considering the subject of 
dilution in all its bearings, it must be remembered that sewage, 
be it ever so dilute, if allowed to enter a stream unpurified, 
will most assuredly foul and injure that stream; and when it 
is considered what large quantities of water are daily uscd for 
the removal of dirt and filth from our dwellings, apart from the 
watercloset system, it must be quite clear that such water con- 
tains an amount of filth that would foul auy stream into which 
it is poured; and ulthough this drainage water may not contain 
the same amount of fertilising matter as sewage proper, yet it 
contains quite sufficient to do mischief, as is daily evinced in 
those towns that have not adopted the watercloset system, and 


It has already been pointed out that 
the presence of water in sewage has a value, and it may be taken 
for granted that in all cases in which sewage can be applied by 
gravitation, the question of dilution, instead of being an injury, is 
a positive good; and consequently it is only in such cases as 
require the sewage to be raised artificially before it can be 
utilised that dilution can seriously interfere with its value; and 
even when the state of dilution is such that the expense of 
raising it may not return a profit, yet when it is considered 
that no process of effectually deodorising sewage has been dis- 
covered, or is likely to be discovered, and that with all the systems 
of deodorisation, imperfect as they are, there is no gain, yet 
in the case of the most dilute sewage, although no profit may 
be made by its application, yet there is one great thing to be said 
of it that cannot be said of any system of deodorisation or 
chemical manipulation as at present practised, and that is, it 
xffectually purities the sewage. 

In an agricultural point of view, the dilution of sewage is no 
great drawback to its use; indeed, it is surprising how extremely 
dilute the vegetable kingdom at all times receives its food. The 
dilution does notdiminish the absorbing power of the land for the 
fertilising matter; aud to show how unimportant the question of 
dilution in an agricultural sense may appear, it will only be 
necessary to state that a field manured at the rate of 20 tons of 
rotten stable dung to the acre (according to Professor Voelcker’s 
analysis) contains, ammonia, 530 1b.; phosphoric acid, 200 lb. ; 
potash, 220 lb, With an average rainfall of 26 in. upon a field 
thus manured, we have a solution of fertilising matter far more 
dilute than sewage water. 

Stable Dung and Rainfall. 
Ammonia . 8°96 grains per gallon. 
Phosphoric acid 2°40 * 

Potash 2°60 


Sewage of London. 
7-02 grains. 
a 
163 ,, 


8-96 1027 ,, 


Separation of Rainfall from Sewers. 
The plan for separating the rainfall water from the drainage 
of houses and waterclosets, has had many advocates, and appears 
at first to commend itself to our attention; but it will be found 
apon thorough investigation that it is a system unsuited for 
cities or towns. 1st. Because it involves a greater outlay ia the 
gost of construction of the sewers. 2nd, Lhe results to be at- 
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yet still have a system of drainage; and as the purity of 
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tained will prove unsatisfactory. 8rd. The evils it is proposed to 
remedy are more imaginary than real. 

A ter outlay in the construction of works would be in- 
qual, 9 a duplicate system of sewers would be required, and 
double drains from every house, which would nearly double the 
cost of the system of drainage, as at present practised. 

The system would _ unsatisfactory, as the rain that falls 
upon the surfaces of the streets, yards, roofs, &c, of towns 
acts as « scavenger, and carries with it many matters of great 
fertilizing value, but which, if turned into any pure watercourse, 
would most assuredly destroy its purity. 

The evils the double system of sewers are proposed to remedy, 
are more imaginary than real; as it has not been shown that 
amount of rain entering a sewer has any ill effect, it has not 
even been shown that it tends to dilute the sewage, but, on the 
other hand, in the case of London sewage, it was shown in evi- 
dence before Dr. Brady's committee, by Dr. Hoffmann that the 
Savoy-street sewer yielded on two occasions, 94 and 111 grains 
per gallon; but after a heavy storm the same sewer yielded as 
much as 296 grains per gallon, and other sewers gave correspond- 
ing quantities. It is not improbable that, inthe examples fur- 
nished from London sewers, this exce$s of solid matter in times of 
heavy storms is due to the lodgement of solid matter in old and 
ill-constructed sewers, and that under a better system of sewers, 
80 proportioned as to size and shape as be always self-cleansing, 
no such solid matters could at any time find lodgement in them ; 
this being the case, the rain would only convey into the sewers 
such matters as are washed from the surfaces which receive it ; 
consequently the quantity and agricultural value of the matters 
conveyed by rain into the sewers must — on conditions that 
vary considerably in every town. The following tables are from 
the analyses of Professor Way, of rain water collected from the 
streets of London before reaching the sewer: 























ZG I8 2282282288 
5 E =~2 R&S BSB SZ SB 
— - x» oe om m 
Z 2 © 2 & ©e® c¢ & 
Bij? R®aeeseneea gs 
4g ig 29°22 33 5 3 “ 
=] - - =_ v7 ry) 
L 
y ®@t 22 o 2 ¢ 
= eo8&28282228 8 
Sin segs¢e8 6s 86 = 
= $2kK RR FTSEE SBA 
=) -“ #« nn 
7) eileen a a ene ee 
Ps to 4 9 
56 F| © B| o ¢ | e 
SFis zee zuetsuszé 
oe — s 
3 = = = 7s & * 
sB° iS SRR RZ S & 
Os | 48 5 8 
a 3 
ase] = 3 s § 
cEosia 3 a a2: 
seria = a3 
295 5 £ S eg ¢ 
es2/3 = 
Aa } 3 5 3 
—_ | [=] | 
Begs : i 
-— ££ F 2 ; 
iis i 
2. f ta ; 3 
- oe £¢ ¢ = ; 3 
. a . . 2 . : : 
@ ry a. em e 2 
3 = & : . 2 . & 2 
v7) 3 ro : : 3 3 : : 
o a F Fe ew Fs 8 
° as mf : ¥ o@ Bg H 
eo “~ = . . (3) : 
S « 32 
rt ~ & = & > 
a *e2e 8a FFB 
A 2S ebBstad & 
££ 3% oo s & ® 
& & ? a. 2... = : ° 
7, 7 &£€ &@ Rese > 
@prps Seas & 
j4 2 & SS &EBEE S 
re S&S &§ & 3S 2S F 
iQ © 4H & & SO 
: 
“Ss in & © ° eo @ @ a 
$3 = = = 
vA as os eee 





Four samples of the waters described in the foregoing table 
were submitted to separate analyses, with the following result: 


Analysis of the Soluble Matter in different Specimens of Street 
Drainage Water. 


Graius in an imperial gallon. 





Little traffic. 


Great traffic. 














Granite |Macadam|Granite Macadam 
No. 10.| No. 6. | No.12. > No. 7. 
Water of combination and 
some soluble organic 
CROGRIE ccncncsexcesceoneseee 7. 29.07 22.72 | 13.73 
IEEE . cncccccecesces 5 2.81 ‘ion sil 
Carbonic acid ..........00+0+ 5. 12.23 None. | None. 
Sulphuric ,, ......scceeres! 36. 88.23 46.48 34.08 
BND cccncccsocsesense 5.65 13.88 25.90 | 16.10 
Magnesia.........sesesceeeees) None, | 23.51 Trace 3.50 
Oxide of iron and alumina 
with a little phosphate 
of lime 1.25 eee eve 
Chloride of potassiuia ... 10.99 | None. | 2.79 
9 sodium,........ 538.84 | 44.88 18.44 19.70 
ee 82.76 | 18.27 8.75 5.23 
Bescreecssoevnscecssessccenes ete ae 1.58 sen 








276.23 |194.62 [123.87 | 95.13 


Professor Way adds, “so far as London is concerned, and 
considering only the composition of the liquid which reaches the 
sewers in time of rain from the streets, it seems pretty certain 
that it would be as valuable in a manuring point of view as the 
ordinary contents of the sewers. There would seem no reason, 
therefore, to exclude such waters on the ground of the dilution 
and deterioration of the sewage to which they might be supposed 
to lead.” However much the evils arising from the introduction 
of rain water into sewers are magnified, it is clear it does not in- 

ure the sewage for agricultural purposes. Moreover it should be 
e in mind that the periods of excess of rainfall in this country 











are limited, and that, asa rule, over half the country the rain falls 
within a period of from twenty to thirty days; of the other half, 
if taken as being uniformily distributed throughout the year, and 
after making reductions for evaporation and absorption, the pro- 
portion of the latter half of the rainfall that finds its way to the 
sewers is really infinitesimal. In the case of London, Mr. Bazal- 
gette has recorded the fact that } in. rain did not furnish more than 
} in. to the sewers ; and ,4; in., more than } in. There cannot be any 
doubt that the commercial value of sewage water when contain- 
ing rain water is less than of the fertilizing matter when contained 
in less liquid; and when the sewage has to be lifted to con- 
siderable heights the commercial‘ result will be in favour of a 
concentrated solution of fertilizing matter. But in the application 
of sewage it must never be lost sight of, that the question is not 
one entirely of utilization, but of purification, and on the latter 
account it would not be advisable to divert the rainfall from the 
sewers; yet it should not be lost sight of that the rain water, 
before entering the sewers, might be collected and used for many 
purposes, and thus materially diminish the quantity of water 
required to be brought into a town, and consequently at the 
same time diminish the cost to the inhabitants of procuring 
water supplies. 


Separation of Fecal Matter from House Drainage and 
Rainfall. 

This system, like the system of separating rainfall from the 
sewers, requires either 4 duplicate set of sewers and drains, or 
other special arrangements that would involve in construction a 
greater outlay than required when but one system of sewers is in 
use. The advantages of this system are to be ascribed solely to 
the increased commercial value of the portion of the sewage 
(separated from drainage water). 

In every system for the collection of fecal matter, the life and 
health of our populations must be considered as of far more im- 
portance than the agricultural value of the sewage ; consequently 
those who have to decide upon the best system to be adopted 
must be careful to look at the subject, first, from a sanitary point 
of view, and secondly, from the agricultural point of view. This 
system of separating fecal matter from the ordinary drainage 
will require either a certain amount of water to be admitted into 
the drains for conveying the faecal matter, in order to transport 
it to its destination, or it will require cesspools in close proximity 
with our dwellings, and from which the matter must be removed 
by manual labour, as practised in some parts of Paris, and by 
the Ureka Manure Company in this country. In considering the 
result of this system, it must be borne in mind that great evils 
result from cesspools of every description in proximity with our 
houses, and it would certainly be a retrograde step if, in order to 
realize the greatest results aimed at under this system, cess- 
pools, in any form or shape, should be again introduced. If, how- 
ever, the duplicate system of sewers is adopted, without the in- 
tervention of cesspools, a larger quantity of water must be used 
when distributed over the two systems, in order to keep each 
system in working order ; for it must not be lost sight of that the 
quantity of water ——y used under the watercloset system 
would not act so effectually in keeping the drains and sewers 
clear from obstruction, if it was not assisted by the water used 
for other domestic pur . 

It has been already mentioned that rain water carries with it 
to the sewers many objectionable matters; but the amount con- 
tained in such rain water sinks into insignificance when compared 
with the matter contained in the waste water from our 
houses; and assuming that this system were carried out, 
and that the drainage water were turned into our streams 
unpurified, it would tend very materially to pollute them, 
and at the same time waste much valuable fertilising mat- 
ter. In proportion as the separation of the drainage of 
water-closets from house and refuse water takes place, so 
will such refuse water contain proportionally less fertilising 
matter ; consequently in utilising the sewage of a town under this 
system, we shall have two solutions to deal with, one containing 
the fecal matter, and rich in manurial properties, the other, the 
refuse and rainfall water, containing much less fertilising matter, 
yet quite sufficient to create a nuisance if turned into any pure 
watercourse ; and as it is absolutely necessary, for the purpose of 
purification, that the contents of both systems of sewers must be 
utilised and purified, they cannot be utilised with as much ad- 
vantage separately as when combined. The separation of faecal 
matter from drainage and rainfall is carried out in most towns 
in which no works of drainage have been constructed, and yet in 
but few instances do the owners of the fecal matter get anything 
for it, but, on the other hand, they have often to pay to have it 
removed. There are other towns which have a system of drainage, 
and which still separate the fecal matter from the rainfall and 
drainage by a system of cesspool, ashpits, or soil-boxes; yet in 
not one of the places in which the system is in operation does it 
give any return to the town. Manchester may be taken as an 
example of this mode of dealing with the fecal matter of a town, 
and yet we see that at Manchester the corporation annually lose 
upwards of 70002. by the system in operation; in addition to 
which, it cunnot be lost sight of that the mortality of Manchester 
is upwards of 30 in the 1000, the mortality of London being but 
23, and of Croydon but 20. At Hyde, in Lancashire, which is 
under treatment by the Ureka Sanitary and Manure Company, 
the solid and liquid fecal matters are collected in boxes, that 
are removed by manual labour as soon as filled, and taken to 
the manufactory of the company, where the ammonia is fixed 
by an acid; the greatest portion of the water is then evapo- 
rated, and the mass is afterwards brought into a dry state by 
being mixed with fine dry ashes, and is ready for sale. The 
company, it must be recollected, make a charge of 2s. per house 
to all persons who adopt their plan, in addition to which 
they get the fecal matter unmixed with water. If this 
charge of 2s. per house is fairly analysed in a town, say, the 
size of Croydon, a sum equal to 600/. per annum would have to 
be paid for removing the fscal matter only; and as it would 
still be necessary to sewer and drain, and also to purify this 
drainage water, no saving in the cost of construction would 
result; so that of this 600/. which would have to be paid by the 
inhabitants, if fairly compared with the results realised by irri- 
gating with town sewage, it wi!l show most conclusively that no pos- 
sible advantage can arise to towns by selling or manufacturing its 
fecal matter into manure and still having to purify its drainage 








water. From the foregoing observations the following conclu- 
sions may safely be drawn of this system: Ist. The first outlay 
in the construction of works and the expenses of maintenance 
will be greater than when but one system of sewers is adopted. 
2nd. If under this system cesspools are to be continued or in- 
troduced, in a sani point of view, the system will be perni- 
cious to life and health. 3rd. If a duplicate system of sewers 
are used under this system, it will not give so good returns as if 
a cesspool or other receptacle were used, and a greater quantity 
of water will be required for flushing and keeping clear the two 
systems of sewers than would be required with but one system 
of sewers. 4th. The system eames be carried out, without pol- 
luting the watercourses of the country, unless the contents of 
both systems of sewers are first purified. 5th. That the con- 
tents of both system of sewers will contain fertilising matter 
which it is desirable to utilise; but no advantage will be gained 
by separately dealing with the contents of each system ot 
sewers. 
Separation of Liquid from Solid Excretion. 

This plan, that has been proposed upon several occasions, is 
intended to separate the urine from the ordure, and convey it 
by a special system of pipes to some locality where it is to be 
reduced to a solid and portable manure. If a town had no 
other object to consider than making a profit in an easy way, 
probably a system like this would be likely to succeed; but 
when it is fairly considered that the sewage of a town must be 
dealt with in order to purify it, no advantage can ibly 
accrue by robbing the sewage of its most valuable constituents, 
and thus leave a large quantity of comparatively poor sewage 
to be applied under the most disadvantageous circumstances; 
and moreover all that has been urged against any system re- 
quiring a duplicate system of sewers will with equal force apply 
to this system. 

Principles of Purifying Sewag 

Much misunderstanding ies arisen as to the theory of the 
purification of sewage by its utilisation. It is common to find 
persons who suppose that the sewage is absorbed by the land 
mechanically, just as any solid manure would be mixed with the 
soil, or just in a manner analogous to that in which a sponge 
absorbs water; consequently, it has been considered by many 
persons that porous sandy soils are the only soils fit for the 
utilisation of sewage; but upon this there cannot be a greater 
mistake. Other persons again suppose that the roots of the 

lant under cultivation extract the fertilising matter directly 
rom the sewage; dut this again is a mistake. For it is found 
that the purification, and consequently the absorption, of fer- 
tilising matter is at all times and all seasons most perfect ; con- 
sequently this process of purification could not be due to the 
mechanical absorption of the sewage itself, for if it were, when 
the pores of the soil are filled with sewage, or even with water 
in times of rainfall, we should expect the purification to fall off; 
yet experience s ows that in times of rainfall, when there is 
more sewage and the land is completely soaked, the purification 
is as complete and perfect as at any other time. Again, to show 
that it is not the roots of the plant that extract the fertilising 
matter from the sewage, it is found that at night, when the 
plant may be said to be at rest (for in the absence of light a 
plant cannot fully utilise ———s matter), and also in the 
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winter months, when vegetation is by no means as active as at 
other times, it is found that the purification of the sewage still 
goes on perfectly and without intermission. The purification of 
sewage. is due to a very beautiful property possessed by all soils 
to a greater or less extent, and that is the affinity the soils have 
of separating the fertilising matter from the sewage and holding 
it till required by the plant. Clay soils have a much greater 
— for fertilising matter than pure sandy soils, and it is 
possibly due to this property that clay soils, excel in production 
any other when treated with sewage. .In utilising sewage, the 
soil performs the threefold action of extracting the fertilising 
matter, then fitting it for the food of the plant, and, lastly, re- 
taining it until required for the use of the plant. That this is 
the probable explanation of the process of assimilation may be 
taken from the tact that clay soils which are really less mechani- 
cally absorbant than sandy soils, are as effectual, if not more so, 
in the purification of sewage as sandy soils, Again at night, 
when the growth of the plant is at rest, and yet the circulation 
of the sap is going forward, being kept by the process of evapo- 
ration from the leaves of the plant and the capillary attraction 
of the roots, it is found that the gaseous prepared in the soil is 
partially evaporated from the plant, which would go to show 
that it bas been fitted for the food of the plant, and it only 
needs the active property of light to properly utilise it. Again, 
probably the best proof that the soil attracts and retains the fer- 
tilising matter of the sewage we find in the fact that the first 
crop in the season on a sewage-irrigated farm will nearly always 
equal in weight one half of all the remaining crops of the season, 
which shows that the fertilising matter stored in_the winter 
has been made use of by the plants in the spring. It has been 
thought by some persons that, as some of the roots, the plants 
on an irrigated field spread themselves over the surface like a 
spider-web, that they directly take up the omnes but then it 
is more generally known that this ey of the spreading of 
roots is not common to irrigated fields, but is also found in 
many other fields when the crops are heavy, and that it never 
takes place until the crop has grown to such a height as to com- 

letely shelter the roots, that, in all probability, the phenomenon 
Ce no direct connexion with the sewage, but is rather due to the 
rapid growth of the plant, and the absence of light at the roots, 
consequently, the roots under the circumstances are induced to 
spread themselves more or less in all directions. 

Mode of Utilising Sewage. 

Primarily, the modes in which owas has been proposed to be 
distributed over land, may be classified under the following 
heads: : h 

J. Subterranean irrigation. 2. Underground pipes and hose, 
and jet distribution. 8. Surface channels. 4. 5. subhiersion. 

Each of these systems have their modifications, but all systems 
may be reduced to either one or other of these classes. ‘ 

erranean Irrigation.—Under ae per ae ae in 
roposed to be passed into porous pipes, laid sufficiently « 
tne ground to be out of they way of the ay Indeed, — 
some circumstances, the pipes that are used for drainage may 
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made to subserve all the purposes of this system by merely 
stopping up their outlets during the time they may be required 
for irrigation, by which means the water will be dammed back, 
as it were, until it reaches the upper stratum of the earth and 
the roots of the plants. This system, which has been practised 
in some parts of Switzerland, to a limited extent, is open to 
t objection, more especially when dealing with a solution of 
fertilising matter instead of with water, as has usually been used 
with this — The great evil to be guarded against in irri- 
tion, with either water or sewage, is stagnation. Now, as 
Tins laid in the ground for the p of drainage do not 
intercept the rain or other water falling on the surface of the 
land in its descent to the drains, but the water carried off by 
drains enters them at the bottom and flows up into the drain, 
because the drains form the overflows for subsoil waters, and, until 
the earth has been saturated to the level of the drains, no water 
will flow from them, but when this saturation is complete, then 
any additional water will overflow by the drains instead of rising 
to the surface; the condition, then, of all water below the level 
of the drains is that of a state of stagnation, which is — 
toany crop. This is so well understood by the agriculturist ; 
hence the system of deep drains to remove the subterraneous 
water as far from the surface as possible. Now this system of 
underground irrigation would tend to raise the water level of the 
soil; consequently no circulation will take, except such as takes 
place from the process of evaporation. ‘Ihe system of under- 
ground irrigation is wrong, inasmuch as it waterlogs the earth 
and induces a degree of coldness in it. There are other matters 
which require consideration when considering the system as con- 
nected with the utilization of sewage. The great evil of this 
system is the waste of fertilising matter it tends to promote, for 
we cannot for one moment lose sight of the fact that sewage 
admitted into porous underground pipes, when the saturation of 
the ground is incomplete, will have a greater tendency to gravi- 
tate still deeper into the earth, and out of the reach of vegeta- 
tion. Indeed, if it is desired to get rid of the sewage rather than 
utilise it, this is one of the best plans that could be adopted; in 
fact, it would be convertion of a field into an absorbing area 
similar in principle to the dry wells so prevalent in many parts 
of the country. But the getting rid of the sewage in this way is 
purchased at the expense of fouling the underground water. 
And as at. the present time the purity of all water supplies 
must take rank even before the agricultural question of the 
utilising sewage, it is absolutely necessary that the system to be 
adopted shall preserve the purity of all water supplies. 


(To be continued.) 
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Wiedenfeld. ‘Scam heating so of the varnishing works of 
the Lower Silesian Railway at Frankfurt-on-the-Oder 
(page 20). 

improvements in gates (page 20). 

Lehmann. On the reaction propelling system for vessels (page 
20). 

Justus Fuchs. Using caoutchouc pipes as syphons (page 21). 

Bernhardt and Philipp. improvements in spindle-boxes (page 
21) 


H. Savaresse. Manufacture of gut strings (pages 21, 29). 

Lenk. Improved gun-cotton (page 23). 

Niepce de Saint Victor. On the redaction of black colours in the 
heliographic process (page 23). 

E. Carchon. Grey dye for straw hats (page 23). 

Glass painting (pages 25, 34). 

Dr. a Vol On the absorptivity of peat-coal (page 26). 

Dr. G. Lunge. On canals, especially English canals (page 26). 

Prof. H. Schwarz. Direct glass positives (page 28). 

Dr. J. Schnauss. Observations on collodium (pages 28, 35). 

Dr. J. Schnauss. New excellent sensibilizer (page 28). 

Lift for the expeditious loading and unloading of ships (page 
29) 


Removing honey from cells by means of the centrifugal action 
(page 29). 

H. Kaéchlin. Use of leucaniline (page 31). 

Alfred Paraf. New aniline black (page 31). 

Statistics of the culture of silkworms and bees in Europe (page 


82). 
Manufacture of steel articles and cutlery (pages 32, 42). 
On the use of Bessemer steel plate for steam-boilers (page 33). 
New system of inlaid floors (page 86). 





Practical notes on puddling by machi ( 87). 

R. Plank. Machine for dividing and eutodiing dough in bread- 
baking (page 37). 

P. Spindler. Improved catch of sewing machines (page 37). 

Obtaining nitrous acid from ammonia ( 87). 

Prof. Bottger. Dyeing linen and woo Se thee by means of 
aniline colours (page 38). 

Lorin. On the action of giycerine on oxalic acid, and its applica- 
tion to the manufacture of concentrated formic acid 
(page 39). 

Comte. New method of engraving zinc (page 39). 

Petroleum lamp without cylinder (page 40). 

Dr. C. Stammer. On Dubrunfant’s process for obtaining sugar 
from molasses by means of baryta (page 41). 

Jaretzki. New bath (page 43). 

Hertel and Co. Machine for moulding brown coal (page 43). 

Manufacture of soft silver (page 44). 

Glénard. Detection of arsenic in basic nitrate of oxide of bis- 
muth ge 44). 

Dalton. Family knitting machine (with engravings, page 44). 

Claire Deville. Hydraulic cement of magnesia (page 46). 

H. Kéchlin. Blue colouring substance from chommyncghthalle 
acid (page 47). 

Boblique. Manufacture of phosphate of soda (page 47). 

Vilette. Process of magnifying photographs (page 47). 

Mining in Sweden (page 48). 

Gousse and Co. Portmanteau (page 48). 

Adulteration of tobacco and cigars (page 48). 

Beer trade of the Zollverein, 1836—1864 (page 48). 

A. Prokesch. On the best mode of using mineral oils for light- 
ing purposes on the Austrian Northern Railway 
(page 49). 

Pneumatie dispatch at Berlin (page 50). 

W. Schmidt. Pantograph for engraving (with engravings, 
page 50). 

E. Hoyer. New boring implement (with engraving, page 51). 

A. Philipps. Distinguishing artificial red wines from genuine 
red wines (page 53). 

Pfeiffer. New construction of water meters and bellows, by 
means of caoutchouc (page 53). 

F. Pfeiffer. Glass cross thread for telescopes (page 54). 

Stambke. On the origin of flaws in cast steel (page 54). 

Remarks on old wines in bottles (page 54). 

Liopoine lamps (page 54). 

Vessels for boiling pork by steam (page 54). 

Obtaining photographs of dark interiors by day by magnesium 
light (page 55). 

Priissmann, Alarum (page 55). 

Rosenstiel. On the manufacture of aniline black, and on chlorate 
of ammonia as an oxidating agent (page 55). 

The Levantine trade (page 56). 

Number of engine works in Europe (page 56). 

The Schwarzwald clock trade (page 56). 

On mining (page 57). 

J.C. Ackermann. A revolution in illumination (page 58). 

On American brick-machines (page 59). 

P. Tunner. Spit or chip test of the Bessemer process (page 59). 

Cords. Blasting ice in the Cder (page 60). 

Prof. Artus. On red wine (page 60). 

Machine at Einsiedel’s iron-works, near Groditz, for bending 
tyres (page 61). 

Wire rope transmission (page 61). 

On the detection of free sulphuric acid in vinegar (page 61). 

Dr. Kunheim. Obtaining colourless albumen of blood (page 61). 

J. Withly. Wax lustre for photographs (page 61). 

Manufacture of American be yeast (page 61). 

Verstraet. Manufacture of sulphuric acid without lead chambers 
(page 63). 

Produce of the three kingdoms of nature in Europe (page 64). 

Exhibition of Industry at Chemnitz in 1866 (page 64). 

Dr. G. C. Wittstein. On the reduction of precious metals from 
the waste filings and pieces in the manufacture of 
artificial sets of teeth, and on the cause of the gradual 
decrease in the weight of plantina crucibles in heating 
(page 65). 

Barth. On the manufacture of statuary paste-board (page 66). 

Dr. H. Vogel. Experiments on aniline impressions (page 67). 

Schréter and Wellmann. Extraction of sugar from molasses 

age 68). 

Justus Fuchs. On the utilisation of waste plate (page 69). 

Dr. K. List. On the nature of Nobel's blasting-oil (page 69). 

Petit. Improvements in the manufacture of spirits (page 70). 

L. P. Hemmer. Cylinder fulling-mill with a self-acting disen- 
gaging apparatus (page 70). 

Prof. C. H. Schmidt. New material for 
cylinders (page 70). 

Excellent welding powder (page 71). 

Dr. Aug. Vogel. On the action of crystallisation on the strength 
of Pay r (page 73), 

Dr. Aug. Vogel. Liopoim or petroleum lamp (page 73). 

J. A. Bremen. Etching hed for industrial purposes (page 74). 

Lavedan. Galvanic trusses (page 75). 

Wire-rope transmission (page 75). 

Sy and hema Platina-plated cups for chemical laboratories 
(page 76). 

Prof. Rihimann. Sawing-machine (page 76). 

Leisching. Felt wicks (page 76). 

Reinsch. Manufacture of sulphuretted hydrogen (page 76). 

Damaye and Co. Shearing and burling machine (with engraving, 


coating carding 


ge 77). 
Everett. Utilising the waste of plate for separating lead from 
lead glance ( 79) 


The watch trade at Glashiitte (page 80) 
Liebig. Meat extract (page 80). 
VI. Journal fir praktische Chemie. 
(1865. No. 23.) 
Dr. Fr. Muck. On the constitution of a certain substance thrown 
out by molten pig-iron. 
Dr. Max Buchner. On fluoride of thallium. 
Dr. W. Reissig. Action of light on iodine. 
Dr. Julius Lowe. On the extraction of uric acid from Peruvian 
guano. 








C.D. Braun. On the conversion of picric acid in picramic 
acid, and on the detection of grape sugar. Ki 

Dr. A. Naumann. Relation between brome and benzoine and 
nitrobenzoic ether. 

On simple chloruretted chloride of benzole. 

Action of chloride of phosphorus on organic substances, 

On aceto-pyrophosphorous and aceto- rophosphoric aci 

On Seonapbenen, benzohydrol, and bekespianete, - 

On atropine. 

— and 4 nee ° 

. Feldmann. On itin (Laserpitium latifol. i 
O. Liebreich. On pom — 
- I = Bromides of naphthaline. 
‘ . Depoully. Manufacture of phtalic acid . 

cxynaghthealle acid at large. pe = 

On monochloracetone. 

Isomeric chlorobenzoic acids. 

Subproducts of benzoine. 

Bromerucasic acid. 

Indium (new bed). 

Phipson. Manufacture of zirconium. 

Erlenmeyer. Distyrole. 


VII. Comptes Rendus. 
(1866. Vol. Ixii.) 
Delaunay. Reply to Allégret’s note published in 
Rendus of the 26th February (page 575). 
Chasles. On plane or twofold curves, whose points may be 
determined separately. Application of the principle 
of correspondence in the theory of said curves (page 


the Comptes 


A. Cayley. Mote R- the correspondence of two points on a curve 


page I}. 

P. Secchi. Spectrum analysis of the light of the stars (page 591)- 

Rich. Owen. On the marsupial pouches, mammary glands, and 
mammary foetus of the Echidne hystrix (page 592). 

Vergnette-Lamotte. Preserving wine by means of heat ( age 596). 

A. Gris. New researches relating to the physiological history of 
trees (page 603). 

A. Dumont. On the means of supplying the town of Nimes with 
drink-water (page 607). 

I. Ledoulx. On the volcanic phenomena at Santorin (page 608). 

De la Gournerie. On a variety of the curve of intersection of 
two surfaces belonging to the second order ge 611). 

C, J. Serret. On the perturbations of the planet Pallas (second 
part) (page 613). 

F. Fouque. Researches on the chemical phenomena of volcanoes 
(page 616). 

Houdin. New optical instrument, the iridoseope (page 617). 

Mottez. The chief meteorological phenomena explained by a 
single physical principle (page 619). 

Lacaze-Duthiers. On the errors to which observations made at a 
-— moment of the life of animals are liable (page 


Ed. Prillieux. Studies on the Orchids vegetation and anatomical 
structure of the stems (second memoir, page 625). 

Berthelot. On a new class of compound metallic radicals (con- 
tinuation, page 628). 

C. Saintpierre. On the formation of trithionic acid by the spon- 
taneous reduction of bisulphite of potash (page 63), 

E. Jungfleisch. On the chloruretted subproducts of benzine 


(page 635). 

J. Kolb. Theoretical study on the manufacture of soda by Le 
Blane’s process (page 638). 

C. Weltzien. Researches on peroxyde of hydrogen and on ozone 
(page 640). 

L. Dufour. On the magnetic perturbation of the 21st February, 
1866 (page 643). 

KE. Alix. On the organs of parturition in kangaroos (acknowledg- 
ment of Poelmann’s prior claim (page 645). 

Silvestri. On Pogy eruption of mud at Paterno, in Sicily 
(page 646). ° 

Dubois. On the influence which the action of the moon on the 
sea may exercise on the rotary motion of the earth 

(pase 649). 

Daubrée. Synthetical experiments on meteorites with regard to 
the formation of those planetary bodies and the earth. 
(Third part, page 660.) 

J. Bizio. On the existence of glycogene in invertebrate animals 
(page 675). 4 

A. Lez. Trewiee — or the discovery of subterrarieous 
springs, based on the study of geology (page 678). _ 

Coulvier-Gravier. Observations made on shooting stars during 
the year 1865 (page 682). : 

A. Civiale. Note on the application of photography to physical 

_ geography and geology (page 685). 
Camille Jordan. On the congruences of the second degree (page 


«}) 

F. Pisani. On chenevixite, a new mineral species of Cornwallis 
(page 690). 

C. Friedel. On adamine, a new mineral species (page 692). 

Des Cloizeaux. Note on the crystalline form and optical proper- 
ties of the adamine (page 695). : 

E. J. Maumené. General theory of the action of affinity (page 
697). 

Gerardin. Pile with iron filings (page 790). 


A Guy oF THE SrxTeeNtTH Century.—The Courrier de la 
Moselle says: ‘* The War af amy is making arrangements 
with the Gates Railwa om pany for the conveyance, from 
Metz to Paris, of the ‘Griffon,’ an enormous bronze cannon, 
which has now been for sixty years in the arsenal of the former 
place. This gun was taken by the French army, in the year Vu. 
of the Republic, from the fortress of Ehrenbreitstein, near 
Coblenz. ft was cast in 1578, and is ornamented with chasin, 
somewhat rudely executed. Its length is 14ft. 10} in., hb 
a calibre of nearly 11 in., which would require a ball of 172 1b. 
The weight is 12 tons 15 cwt.; the carriage, which was made at 
Metz, weighs nearly 6 tons. According to repurty this we | 
piece of ordnance is to be placed in the ‘aris Museum 
Artillery.” We wonder what charge it would bear? 
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IMPROVEMENT OF THE RIVER 
GODAVERY. 


Tue work which has, perhaps, of late years created 
more interest in this country than any other undertaken 
by Government in India is that for the improvement 
of the navigation of the Godavery river. Systems of 
river navigation in countries far removed from the sea- 
board must, one wuld suppose, have furnished the 
earliest means of communication. In Assam, the great 
river Brahmapootra has, up to the presenttime, of late 
years furnished the only practicable means of com- 
munication between the several towns and villages on 
its banks, although there are traces yet in existence of 
roads constructed in former years by its earlier inhabi- 
tants, and it is only quite recently that the Indian 
Government has awakened to a sense of the necessity 
of providing this very important province with a system 
of roads. 

The emery of Berar, and the countries situated 
in the valleys of the great rivers connected with the 
Godavery, which together form a system of navigation 
from near Nagpoor to the coast, cannot be less than 
ten millions, all of whom would be greatly benefited by 
the provision of cheap transit. To the province of 
Berar the peculiar advantages will be that, by the 
supply of rice and other cereals from the delta, the 
seople would be relieved from the necessity of produc- 
ing them in their own country at a much greater cost, 
and be left at liberty to cultivate cotton and other pro- 
ductions, whose growth is more peculiarly adapted to 
the nature of the soil and climate, and for which a ready 
market is to be found in the manufacturing towns of 
England. 

The produce of the great cotton country to be tapped 
by opening up to navigation the Godavery and rivers 
in connexion with it, would thereby find a convenient 
access to Coringa for exportation. Oomrawuttee, the 
great centre of the cotton-producing districts, is, by the 
Godavery, 535 miles from the port of Coringa, and, by 
railway, not less than 450 miles from Bombay, or only 
85 miles less than the distance from Coringa. Hingen- 
ghat,the chief mart to the east of Wurdah, is distant from 
Coringa, by the Godavery, 463 miles, and from Bombay, 
by railway, above 550 miles. With these facts before us, 
and taking into consideration the relative cost of transit 
by the two modes of conveyance, there can remain little 
question as to which line would the more cheaply convey 
cotton, and other like produce, to the coast. 

In 1862, owing to the American war, and the con- 
sequent scarcity of cotton from that country, the im- 
provement of the Godavery navigation attained con- 
siderable importance in this country, owing to the 
natural facility it afforded as a means of communication 
from the centre of thé Berar cotton fields to the coast. 
The river also passes through a first-rate wheat country, 
and coal has been found in two or thre@ localities, at 
one of which especially it is of very good quality. The 
vastextent of forest country up theriver,and onits imme- 
diate banks, affords abundance of cheap wogd-fpel, besides 
an unlimited supply of timber both for boats and coasting 
vessels. Teak may also be had in large quantities, and 
iron ore of the finest quality. Whilst the above would 
form the principal articles of export, the return vessels 
would convey salt up country at afar cheaper rate than 
could be done by bullocks, besides cotton piece goods 
and other articles of import ; it will also furnish a cheap 
means of Government transport for military stores, &c. 

The subject of the Godavery navigation was first 
broughttothe attention of Government by Sir Arthur Cot- 
ton—whose name is now so intimately connected with 
most of theexisting irrigation works in the Madras Presi- 
dency—about the year 1849, but no steps were taken 
for ascertaining the feasibility of the project until the 
summer of 1853, in which year Mr. Take was sent up 
the river towards the close of the dry season to ascer- 
tain, as far as possible, its state at that time of the year. 
Previously to that expedition, the only information pos- 
sessed of the practicability of the navigation of the Goda- 
very was the admitted fact of Captain Fenwick having 
safely and profitably navigated it on behalf of the firm 
of Messrs. Palmer & Co., of Hyderabad, in the years 
1822 and 1824; but these excursions having been 
undertaken during the monsoons, when the water in the 
river is from 30 ft. to 50 ft. above the dry-season level, 
and all obstacles to navigation are hidden, furnished no 
means of obtaining any useful experience as to the char- 
acter of the river. Expeditions undertaken in 1853 and 
1854 brought to light many interesting facts connected 
with the ysical character of the river, and its capa- 
— for monsoon navigation; but the information 

forded by them was still incomplete. The first expe- 

tion reached a point only 200 miles distant from the 
sea, and the second to near Chandah, about 190 miles 


periods of the year. 


Godavery, the Wurdah, Pranhita, Wyne Gunga, 
Indravutty, Sebbery, and Pyne Gunga rivers. At 
present it is not contemplated to carry out the scheme 
to its full extent, the works comprised in the project 
hitherto contemplated being calculated only to open up 
873 miles to navigation during nine months of the 
year; viz., on the Godavery 376, on the Pranhita and 
Wurdah 247, on the Wyne Gunga 150, and on the 
Sebbery, Indravutty, and Pyne Gunga together 100 
miles, leaving the further works to be carried out as 
occasion may permit. 

The proposed line of navigation, so far as has been 
hitherto approved, commences at the Dowlaishwaram 
Anicut, 34 miles from the port of Coringa, and proceeds 
up the Godavery to near the town of Sironcha, a dis- 
tance of about 225 miles; at this point the Godavery 
proper is abandoned, and the line runs up the Pranhita 
to within five miles of Tullodee, or 303 miles from 
Dowlaishwaram, where it is met by the Wurdah, along 
which latter the line of navigation proceeds in a 
westerly direction to Natchengaum, making a distance 
altogether of 473 miles from the Anicut, or about 507 
miles from the sea. Of the affluents above referred to, 
the Sibbery meets the Godavery on its left bank a 
little above the village of Woddagoodiem, at about 
97 miles, and the Indravutty flows into it from the 
same side above the Second or Enchampilly barrier, at 
about 230 miles from the sea. The Woe Gun 
flows into the Pranhita at the confluence of the 
Wurdah, and the Pyne Gunga is a tributary of the 
latter river, joining it on its right bank a few miles to 
the south of Chandah. 

The Wurdah rises in the hills to the north-west of 
Nagpoor, and for the first 104 miles of its course flows 
over a part of the great trap formation of the Deccan ; 
its bed is consequently almost entirely rock, and the 
fall, though considerable, is not greater than that of 
some rivers which are now navigated by steam. At 
Roonzaie the trap rock ceases, and from thence to its 
junction with the Godavery the Wurdah flows through 
the sand and limestone rocks of the secondary series, 
meeting with opposition in only one part of its course 
about 45 miles below Chandah, where it crosses a great 
outburst of igneous rock whose hard and impenetrable 
surface has successfully resisted all the detersive 
action of the stream.’ From two miles above Darur to 
near Dewalamurry, a distance of 36 miles, this great 
mass of granite forms the bed of the river, and has had 
the name of the Third or Dewalamurry barrier given 
to it. It extends also some miles up the Wyne Gunga, 
which a short distance below the head of the barrier 
unites its waters with those of the Wurdah, the river 
from that point down to its junction with the Godaver: 
proper bearing the name of the Pranhita. The Wurda 
and Wyne Gunga unite at Kalaisaram, 9 miles above 
Mahadeopore, and follow the course of the Godavery 
from thence to the sea. None but secondary rocks 
oecur down to Parnashala, a distance of 107 miles; 
the sandstone, and more rarely the limestone, through 
which the river has cleared its channel, appear at 
frequent intervals lining the bank, and sometimes ex- 
tend a short distance into the bed. At two places, 
however, they completely cross the bed, presenting ob- 
structions very different in character and degree ; the 
one, commencing about 16 miles below. Mahadeoporé, 
and obstructing the channel for a distance of 14 miles, 
has been named the Second or Enchampilly barrier, 
and is one of the most formidable impediments tenavi- 
gation. The next place where the bed is barred b 


barrier. At Parnashala, which is situated at the*hea 

of the First or Sinteral barrier, the secondary rocks 
mostly disappear, and the river from this place, down- 
wards to the head of the delta, passes through a 
region of granite rocks of every variety, and mostly of 
extreme hardness. Thus geologically considered, the 
country traversed by the ry and Wurdah may 

i 











be divided into three parts, the first, from Dowlaish- 


rock is at Albaka, 40 miles below the Enchampi ¥ j 


higher up; but the river hitherto had only been examined | waram to Parnashala, 120 miles; consisting principally 
while in flood, so that its adaptation for summer navi-| of primary rocks; the second, from Parnashala to 
gation was wholly unobserved. A third expedition, 
therefore, was organised, which set out on the 14th | from Roonzaie to the source, of volcanic rocks. 
February, 1855, under Lieutenant (now Major) Haig ; 
it consisted of five commissioned officersand six qualified | river channel remains almost invariable, the banks 
uncovenanted gentlemen. This expedition was to be one | being of tough soil, protected at intervals by projec- 
chiefly of exploration and investigation, for the purpose | tions of mg 

of acquiring a thorough knowledge of the physical | soil and softer rocks not imposing the same restraints 
character of the river, and of determining the probable | upon the stream, there exists a varying width and 
expense of opening it for navigation during certain | depth, the former sometimes extending to as much 


Roonzaie, 293 miles, of secondary rocks; and the third, 
In the first and third divisions the width of the 


rock; but in the second division, a looser 


as two and three miles. The general course of both 


The entire system of river navigation which may|the Wurdah and Godavery rivers is remarkably 
eventually berendered practicable in connexion with the | straight ; there are few sharp bends in either, with the 
Godavery river may probably be reckoned at not less | exception of the part of the Wurdah above Chandah, 
than 1400 or 1500 miles, comprising, besides the | where the stream is more tortuous in its course. 


Between Dowlaishwaram and Natchengaum, a dis- 
tance of 473 miles, the rise of the river bed is 680 ft. 
6in., the height of the bed at Dowlaishwaram being 
34 ft. 6in. above the sea, and that at Natchengaum 
715 ft., giving an average fall of about 1 ft. 5 in. per 
mile throughout the entire length; but the gradients 
between the intermediate places vary, according to 
local peculiarities, from lin. to 6 ft. 9in. per mile. 
The section having the least gradient, of from 1 in. to 
1} in. per mile, extends for a distance of about 60 
miles above Dowlaishwaram. The greatest. gradient 
occurs at Albaka. The gradients over the three great 
barriers are as follows: at Sinteral, from 3 ft. 6 in. to 
1ft. 11}in.; at Enchampilly, from 2 ft. 7 in. to 1 ft. 
2in.; and at Dewalamurry from 4 ft. 1 in. to 9 inches 

er mile, the remaining portions of the river varying 

om 2 ft. 8 in. to 6 in. per mile. In the first reach of 
the river from the Dowlaishwaram Anicut to the foot 
of the Sinteral barrier, a distance of 109 miles, the 
rise in the bed is 93 ft., giving an average of 10 in, per 
mile. In the barrier itself the mean declivity is 3ft. Gin. 
From Parnasala to Enchampilly, which constitutes the 
second reach, the total descent is 744 ft. in a distance 
of 68 miles, or an average of 1ft. lin. per mile. 
From the top to the foot of the Enchampilly barrier 
the drop is nearly 37 ft. in a distance of 14 miles, 
giving an average of 2ft. 7 in. per mile for the entire 
distance. In the third reach hom Wadagoodiem to 
the foot of the Dewalamurry barrier, the difference of 
height is $2 ft. in a distance of 65 miles, which gives 
an average fall of 1 ft. 3 in. per mile; and in the barrier 
itself, which extends to a length of 35 miles, the average 
rate of inclination is 4 ft. per mile, while in the part of 
the river from Daroor to Chandah the mean fall is only 
7in. per mile. 
From the foregoing it is obvious that the chief im- 
pediments to the navigation of the river are the three 
rocky barriers at Sinteral, Enchampilly, and Dewala- 
murry; but the description of the Godavery river and 
its affluents, and of their geological formation, which 
we have thought it desirable to give in order that a 
clear appreciation may be formed of the difficulties to 
be overcome, have extended to such a length that we 
must defer any account of the means adopted for 
facilitating communication past those barriers, and the 
engineering works in progress for overcoming the 
obstacles they present to a continuous line of naviga- 
tion, until some future occasion. 








Tue ANNUAL Dinnexk or THE INstitUTION oF Civit 
Eneerrs.—His Royal Highness the Prince of Wales 
has accepted the invitation of the Council of the 
Institution of Civil Engineers to the annual dinner on 
Wednesday, May 9th, at Willis’s Rooms. 
Pre-Historic YorKsnme.—The North Eastern Railway 
Company are making a third attempt to reach the Kimmeridge 
clay beneath the bed of the River Derwent, at Malton, in order 
to put in foundations of a new viaduct. It has already been 
reported that at a depth of 13 ft. (10 ft. of clay and 3 ft. of 
sand) a human skeleton was found, of which the skull is now 
in the collection of the Rev. W. Greenwell, of Durham, and that 
the only clue as to date (the skull being typeless) lay in the fact 
that in'an adjoining hole at the same depth an earthen vessel 
was found, very rudely hand-made, entirely unornamented, 
fashioned like British ware, but burnt as hard as Roman. 
Since the excavations have been resumed, a pair of bone pins, 
formed from splinters of a femoral bone of a deer, and about six 
inches in length, have been found, indicating the body with 
which they were found to have belon to.a period an- 
terior ic the use of metal to fasten the dress. The pins 
are sent to Mr. Greenwell. It has been found requisite to go 
deeper than was expected to get a solid foundation, and on 
Wednesday, at a depth of 18 ft., and four or five below the place 
here the skeleton was found, a very large oak tree was found, 
‘with its branches pointing in the present course of the river. 
The oak is fully 2 ft. 6 in. in diameter, and is in excellent preserva- 
tion. Beneath the tree, and lying upon the Kimmeridge clay, the 
antlers of a red deer, one nearly complete, measuring 3 ft. 6 in., 
were thrown out, but, beyond a few vertebre and a femoral 
bone, no other part of the animal has been found. Another 
coffer-dam on the East Riding side of the river has yet to be 
formed, doubtless to the same depth, in which the excavations 
will be carefully watched. 
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JOINTS OF LOCOMOTIVE BOILERS. 


Tue high pressures at which locomotive boilers are 
now worked render it desirable that the utmost care 
should be taken to unite the various plates of which 
they are composed in such a manner, that the joints not 
only possess great strength when newly constructed, 
but in so that they are but little influenced by wear 
and tear. In the course of the present article we 
intend to lay before our readers a few notes on the 
various joints at present used, and we will begin with 
those of the barrel of the boiler. For both the trans- 
verse and lengitudinal seams of the barrel “ butt” 
joints, with outside covering strips, are decidedly 
the best. Lap joints alter their shape when subjected 
to a tensile strain, the pull upon them giving rise to the 
distortion shown at A, Fig. 1. ‘This distortion takes 
place in both single and double rivetted lap joints, but 
is, of course, more marked in the former than the 
latter ; in either it gives rise to a buckling or bending 
of the plates close to the joint, and thus tends to pro- 
duce “furrowing.” In the case of the transverse 
joints of a boiler, this bending action is to a great 
extent resisted by the curvature of the plates ; but in 
the case of the longitudinal seams it has full play, and 
it is therefore in these joints that it is especially de- 
structive. When two straight plates are united by a 
joint-strip, and subjected to a tensile strain, a similar 
distortion takes place to that which occurs when a 
lap joint is similarly strained; in fact, the “ butt” 
behaves in this case like two lap joints placed close 
together: this is shown at B, Fig. 1. Where a joint- 
strip is applied externally to one of the longitudinal 


seams of the barrel of a boiler, however, the case is 
different, the tendency which the boiler has to bulge at 
the joint correcting, to a great extent, the distortion 
which would otherwise arise. 


At one time the strips 
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of the longitudinal seams were generally placed inside, 
the longitudinal joints of all the plates being placed in 
one straight line, and a single covering-strip extending 
the whole length of the barrel. This mode of con- 
struction is decidedly inferior to placing the strips out- 
side, and so arranging the longitudinal seams of the 
various plates that they, as it were, break joint at the 
transverse seams. When the strips are placed inside, 
the bulging action which we have just alluded to tends 
to open the joints, as shown at C, Fig. 1; we have 
seen the seams of a barrel so made open, in the manner 
shown in the sketch, sufficiently to os the point of a 
penknife to be inserted in them when the boiler was 
undergoing a testing pressure of 200 lb. per square 
inch, the joints closing when the pressure was removed. 
To make a good butt-jointed boiler, the edges of the 
plates should be planed, and the rings forming the 
covering-strips of the va should be shrunk 
upon the boiler-plates with a slight tension ; this tension 
will prevent them from becoming slack under the action 
of rivetting. The longitudinal strips should have their 
ends thinned down, and placed under the transverse 
strips, these latter having pieces cut out to accommo- 
date them. The arrangement of the junction of the two 
strips is shown at D, Fig. 1, where a is the transverse 
and 4 the longitudinal covering-strip, ¢ and ¢ being the 
boiler-plates. The thin end of the longitudinal strip 
should be sufficiently long to take the nearest row of 
rivets in the transverse strip under which it is placed. 

The connexion between the barrel and the smokebox 
tube-plate is generally effected either by means of an 
external ring of 3 in. or 34 in angle iron, as shown at 
A, Fig. 2, or by flanging over the tube-plate and 
placing it inside the barrel, as shown at B in the same 
figure. When the former plan is adopted, all the rivet 
holes in the angle-iron ring should be marked off from 
those in the barrel-plates and tube-plate, and should be 
drilled, not pened, so as to avoid all risk of splitting 
the angle iron. In addition to the above precaution, 
some engineers, and amongst them Mr. Sinclair, have 
the angle-iron rings of the boilers, constructed for 
them, bored and faced, so that if a erack does occur it 
is readily detected. A smokebox tube-plate, connected 











to the barrel by an angle-iron ring may either be 
flanged forward to join the smokebox plates, or those 
plates may be connected “to it by an angle iron; the 
two plans are shown at A and C, Fig. 2. In either 
case the tube-plate can be carried down and secured 
between frames of the engine, or, what is better, it may 
be carried down only as far as the top of the engine 
frames, and its lower edge may be flanged over, or 
furnished with an angle iron, by which it can be con- 
nected to an independent plate-stay between the frames. 
In some cases, instead of an angle-iron ring being em- 
ployed to connect the tube-plate and barrel, the barrel- 
plates have been flanged outwards and rivetted direct 
to the tube-plate. This plan has not been much used, 
although when the flanging of the barrel-plates is care- 
fully done it forms a very good joint ; it is well adapted 
for use in cases where the barrel has welded longitu- 
dinal seams. When the tube-plate is placed within 
the barrel, as at B, Fig. 2, its edges should be flanged 
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forward as there shown. Some makers flange the 
tube-plates backwards; but, when this is done, the 
joint between them and the barrel is very inaccessible. 
The tube-plate, after being flanged, should be turned 
up outside so as to be perfectly circular. The flanges 
of an inside tube-plate slightly reduce the space avail- 
able for the accommodation of the tubes, and we know 
of many instances in which tube-plates so placed have 
rapidly become furrowed towards the bottom and sides 
at a short distance from the barrel-plates; the con- 
nexion between the tube-plate and barrel is, however, 
a very strong one. When the inside tube-plate is used, 
the barrel-plates should be carried past it, as shown at 
B, Fig. 2; this extension of the barrel allows the 
smokebox plates to be readily rivetted to it, a thick 
ring being introduced between the two, in order to 
bring the smokebox plates above the cleading plates of 
the boiler. 

The manner in which the barrel ‘s connected to the 
firebox casing varies according to whether the top of 
the latter is raised above, or is flush with, the top of 
the barrel. If the former is the case, either of the 
joints shown by A, B, C, or G, Fig. 3, may be employed. 
That now most generally used in this country is shown 
at A, the front plate of the firebox casing being flanged 
back to join the side and top plates, and the barrel 
being united to it by means of an angle-iron ring. The 
rivet holes in this ring should be drilled in the same 
manner as we mentioned when speaking of the ring at 
the smokebox end of the barrel. Some makers avoid 
the use of an angle-iron ring at this point, by flanging 
out the front plate of the firebox casing to join the 
barrel, as shown at B, Fig. 3. This requires to be 
carefully done, in order to make 4 good job. The plan 
shown by C, Fig. 3, is one much used by American 
locomotive builders, the junction between the firebox 
casing and barrel being in this case effected by means 
of a tapered ring or gusset, sometimes upwards of 2 ft. 
long. When, as is usually the case, the arch of the 
top of the firebox casing is struck from a centre above 
that of the boiler, this tapered ring becomes elliptical 
in cross section, and the sides then require to be 
strongly stayed to prevent distortion. This mode of 
connecting the firebox casing and barrel appears to be 
a very good one, and we wonder that it is not used in 
this country; amongst other advantages, it possesses 
that of increasing the steam room. At one time, 
before flanged plates became generally used in loco- 
motive boilers, the mode of connecting the barrel and 
firebox casing, shown at G, Fig. 3, was very largely 
employed, and it is yet adopted to some considerable 
extent. According to this plan of construction, the 
front plate of the firebox casing is only carried up as 
far as the centre line of the barrel, the upper corners 
being thinned off. The lower half of the angle ring on 
the barrel is rivetted to the front plate just mentioned, 
whilst the upper half is rivetted to a corner iron which 
is connected to the top, side and front plates of the fire- 
box casing. The substitution of the corner iron for 
the flanged plate renders this mode of construction 
cheaper than those before mentioned, and at the same 
time the joint is one which is found to stand well. 

When the top of the firebox easing is flush with that 
of the barrel of the boiler, the two parts are generally 
united by one of the three methods shown by D, E and 
F, Fig. 3. The arrangement of joints shown by D is 
that which has probably been most largely adopted, 








although we do not consider it the best. According to 
this plan, the sides of the front plate of the firebox 
casing are bent backwards to join the side plates, whilst 
the upper edge is flanged forward for attachment to 
the barrel. The upper part of each side plate, and 
also the top plate of the firebox casing, are extended 
forward, so as to lap over the barrel plates. In this 
arrangement the front plate of the casing is, in order 
to get it to the proper form, very much “ worked” 
towards the upper corners, and, unless great care is 
taken, flaws are a frequent consequence, The plan 
shown by E, Fig. 3, although not so neat in appearance 




































































as that just described, we have found to stand betier 
and give less trouble ; it is well adapted for use with a 
butt-jointed barrel. In this arrangement the front 
plate of the firebox casing is merely bent backwards to 
join the side plates, the connexion between it and the 
sarrel being effected by a bent joint-strip as shown I 
the figure. This joint-strip may either be carried com- 
pletely round the barrel, the upper part being reduced 
in width, or it may extend only a little past the centre 
line, a separate strip being used to connect the barrel 
with the upper part of the firebox casing. The joint- 
strip uniting the front plate of the casing to the barrel 
is of course only bent at right angles for that portion 
of its length which is under the barrel ; at the sides it 
opens out gradually, and eventually becomes flat, as 
shown in the figures. By adopting this mode of con- 
struction the front-plate of the firebox casing is merely 
bent at the sides, and, therefore, does not undergo any 
excessive working. The plan shown at F, Fig. 3, 1s 
one which is sometiznes used in America, and is also 
employed on the Continent. It is very similar to that 
shown at D on the same figure, the only difference 
being that, instead of the side and top __ of the fire- 
box casing being extended to = the barrel-plates, 
the upper part of the barrel-plates is prolonged to 
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meet the plates of the firebox casing. In every boiler | and back plates being flanged over to join the side and THE BROOKLYN PUMPING ENGINE 


with a flush-topped firebox casing those parts of the 
connexion between the latter and the barrel which are 
near the level of the centre line of the boiler are, from 
their flat form, necessarily weak, and many failures 
have arisen from the plates cracking at these points. 
Altogether it seems very doubtful whether the boilers 
which are now being made with flush-topped firebox 
casings will be found as durable as those having the 
firebox casings raised above the barrels. 


The connexion between the back plate and the side | the inside firebox are best made in one plate; when 


and top plates of the firebox casing is a very simple 
one. Ihe back plate may either (as is now generally 
done) be flanged over to join the gther plates, in the 
same manner as the front plate shown at A, Fig. 3, 
or a corner iron, similar to that shown at G in the same 
figure, may be employed. Square-cornered angle irons 
have been used in some cases to form the connexion, 
but their use is not to be recommended. 

We must now consider the joints of the inside fire- 
box: these are the junction of the bottom of the fire- 
box with the outer casing, and the joints of the firebox 
plates themselves. Various methods of uniting the 
firebox and casing are shown at H, I, J, K, and L, 
Fig. 3. According to the plan shown at H, a Z iron 
is introduced between the plates, whilst at I a very 
similar junction is effected by means of a pair of angle 
irons. Both these plans have the defect that the row 
of rivets passing through the plates of the inside fire- 
box is inaccessible, and, in addition to this, the plan 
shown at I is unnecessarily complicated. At J, the 
copper plates of the inside firebox are shown set out at 
the bottom, so as to meet the plates of the casing. 
This plan has been largely used, and it makes a very 
good joint; it has, however, the objection of producing 
an awkward space for the collection of mud, and it 
does not allow mud-holes to be readily formed at the 
bottom of the water space. The joint now most gene- 
rally used is that shown at K, a solid bar or ring 
being in this case introduced between the plates of the 
firebox and casing, the rivets passing through the 
whole. By cutting away the ring, mud-holes can be 
readily formed at any desired points. A modification 
of this plan is shown at L, where a bent plate, or 
iron, is substituted for the solid ring. The only advan- 
tage possessed by the f} iron over the solid bar is that 
it allows shorter rivets to be used for making the 
pen on the other hand, it is more expansive, and 
ess easily replaced if injured, and it is difficult to 
manage at the corners. When the solid bar is employed, 
the rivets at the corners may be arranged either as 
shown at A or B, Fig. 4. According to the first-men- 
tioned plan, the plate forming the corner of the firebox 
casing 1s pacha: to the ring at the corner by means 
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of screwed studs instead of rivets, whilst, in the second, 
one rivet is put right through the corner, and a few 
rivets on each side of it are trained towards it. A 
good joint may be made by either plan, if well carried 
out, the main point to be preset to being that the 
ring fits well to the plates. If the fit between the ring 
and the corner plate of the firebox casing is not a good 
one, it is of no use to attempt to close up the plate by 

hmering; such a proceeding only makes matters 
worse by stretching the plate, and frequently cracking 
it. ‘The ring should never be notched to accommodate 
the laps of the plates forming the firebox and firebox 
Casings: the corners of these plates should always be 

awn as shown at A and B, Fig. 4, tapered recesses 
being formed in the ring to receive them. The drawn 
part of each plate is thus nipped tightly when the 
plates and ring are rivetted up, forming a good joint. 

ime makers now form the lower corners of the firebox 
'oa.much larger radius than is shown in the figures ; 

18 a good plan. 
It will not be necessary to say much about the joints 


top plates. As the tube-plate is much thicker than 
the other plates, it is a good plan to reduce the thick- 
ness of that part of it which is flanged over. This 


the tubes, and diminishes the tendency of the plate to 
burn away at the joint. The reduction of the thick- 
ness of the plate should be so effected that it takes 
place gradually at the corner formed by the bending 
of the plate as shown C, Fig. 4. The sides and top of 


this is not done, the joints uniting the top and side 
plates should be placed at the upper corners of the 
firebox so as to obstruct the water space as little as 
possible. Double rivetted joints seem to be quite un- 
necessary for uniting the firebox plates, and when they 
are used they do not stand well, the inner plate of the 
lap generally burning away much more than is the case 
with the single rivetted joints. 
At M and N, Fig. 3, are shown two ways of forming 
the firehole. According to the first plan, the plates 
of the firebox and casing are rivetted together through 
a ring placed between them, the thickness of this ring 
being reduced by setting in the plates. Ver frequently 
the thickness of the ring is equal to the full distance 
between the plates, which are in such cases left flat, 
but the joint made with the thin ring, however, gene- 
rally stands better: the setting of the plates, however, 
makes it more expensive. According to the plan 
shown at N, a flanged mouthpiece is rivetted to the 
outside of the firebox plate; this mouthpiece passes 
through the plate of the firebox casing, and is united 
to it by an angle-iron ring. We believe that this ar- 
rangement stands well; but, in the case of any repairs 
being required, the rows of rivets uniting the mouth- 
piece and angle-iron ring to the plates of the firebox 
and casing respectively are rather inaccessible. 
The rings forming the seats for the dome and man- 
hole covers are sometimes made of flanged plates, 
sometimes of plain plates with angle-iron San and 
sometimes of brass. When the rings are formed of 
flanged plates, they are generally made as shown at D, 
Fig. 4, which is a form suitable either for the base ring 
of a dome or fora manhole. Unless the ring is made 
of a very thick plate, it is better to thicken the upper 
joint flange by welding a ring upon it. An excellent 
form of joint between the dome and base ring is that 
used by Mr. William Adams, on the North London 
Railway ; it is shown at E, Fig. 4. The base ring is 
in this case of brass, and the inside of the upper flange 
is recessed as shown in the figure, a corresponding 
raised piece being formed at the bottom of the dome 
cover, by letting the plate project through the angle- 
iron ring forming the flange. A form of manhole 
ring much used is shown at F, Fig. 4; when this is 
employed, the hole in the boiler-plate should only be 
cut out to the size of that in the upper part of the 
ring, and not to that of the lower part, as is frequently 
one. 
In all boiler joints it is important that the rivet-holes 
in the various plates and angle irons should be per- 
fectly fair with each other, and that they should be 
completely filled by the rivets. If they do not all 
correspond accurately, they should never be forced to 
do so drifting ; rivets ye first be placed in those 
holes which agree properly, and the remainder should 
then be rimed out until a fair hole is obtained. Messrs. 
Adamson and Co., the celebrated boiler-niakers of 
Hyde, have for a long time drilled all the rivet holes of 
the stationary boilers made by them, the a forming 
the joints being bent to their finished form, and lai 
together whilst being drilled. There is no reason why 
the same system should not be carried out in making 
locomotive boilers ; the question is merely one of ex- 
yense, and we doubt very much whether the time and 
abour saved by having perfectly fair rivet-holes would 
not to a very great extent counterbalance the extra 
expense of drillmg over punching. 





Tue Fire Bricapvs.—The fire insurance companies, by 
whom the late London Fire Engine Establishment was main- 
tained, have presented Mr. Brown, of the Westminster Fire 
Office, with a silver salver and « purse of 500 guineas, and have 
also presented to Captain Shaw a silver salver and a purse of 
100 guineas. That given to the captain bears the following 
inscription:—“ Presented by the Fire Insurance Offices which 
up to January 1, 1866, maintained the London Fire Engine 
Establishment, to Captain Eyre Massey Shaw, as a token of 
their high estimation of the zeal, intrepidity, skill, and devotion 
manifested by him in their service.” Each foreman, engineer, 
and fireman in the old force also received from the offices one 


Buast Furnaces.—The Clarence furnaces are being enlarged. 


of those made by Mr. Joy, of Middlesborough, are 24 ft. in 
diameter, ‘and 40 ft. high, the bottom plates being of ,4,-inch 


WE have no doubt that many of our readers will have 
freely criticised the Brooklyn pumping engine of which 


increases the space available for the accommodation of | we gave a description last week. Its design is not one 


to be recommended, embodying as it does an imperfect 
application of the Cornish principle of working. In 
a to work toa considerable degree of expansion, 
the initial cylinder pressure must be correspondingly 
greater than the constant resistance to be overcome, 
the terminal pressure in a single cylinder being at the 
same time less than the constant resistance. If the 
piston drove the pump pole directly against the 
constant resistance of the water, only an insignificant 
amount of expansion could be permitted, as no 
machinery can be made to withstand the shock of 
communicating sudden impulses to large volumes of 
water, especially when they are under great pressure. 
In the Brooklyn engine the ‘piston does work directly 
against the constant resistance of the water in both 
directions, and 46 tons of dead weight, divided upon 
the two pump poles, is added, so as to permit of the 
accumulation of a certain amount of force at the 
beginning of each stroke, in order to give an oppor- 
tunity for expansion towards.the end. But in order 
to generate sufficient momentum in these weiglits, so 
as to render them of real service for expansion, they 
must be put into sudden motion, and this motion must 
be permitted to exhaust itself gradually towards the 
cod of the stroke. But the water can only accommo- 
date itself to these impulses after opposing a sudden 
and severe resistance, amounting to a shock upon all 
parts of the engine. So far is this the fact, that the 
following are the indicator diagrams taken from thi 
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engine, and we need not say how these contrast 
with the highly expansive diagrams of first-class 
Cornish engines, in which the action of the steam is 
only in one direction, the work done being the lifting 
of a weight, no steam pressure being ever applied to 
the water itself. The diagram shows great throttling of 
the steam, and an expansion for not more than one- 
half of the stroke. With an evaporation of 8} 1b. of 
water per pound of coal, it is no wonder, therefore, 
that the actual consumption of coal was 3}1b. per 
effective horse power per hour, being slightly less 
than 3 lb. per ipdicated horse power. It was found 
that the engine would not bear full steam for any con- 
siderable part of the stroke, not even with additional 
weight on the pump poles. 

In a later engine of much smaller dimensions made 
for the same waterworks, a crank and heavy flywheel 
were adopted, two pumps being worked one from near 
each end of the beam. These gave good diagrams 
with a high rate of expansion, and compare well with 
good rotative pumping engines of the ordinary con- 
struction. 








CenrraL Haut or Arts anp Scrences.—The “ Central 
Hall” to be erected in the Horticultural Gardens, South Ken- 
sington, is to cost 200,0007. Towards this, and in addition to 
the site, valued at 60,000/., the Commissioners of the Great 
Exhibition of 1851 will provide 50,0002, and about 100,000/, 
have been already subscribed, including liberal subscriptions 
from her Majesty and the Prince of Wales. The hall is to ac- 
commodate 5600 persons, and about 2500 sittings will be re- 
served for subscribers. ‘Tbe building will be elliptical in form, 
and the published plans show a —— and width respectively 
of about 270ft. and 215ft., with a height of 125 ft. The ball 
will be available for the following objects: Congresses, both 
national and international, for purposes of science and art. 
Performances of music, both choral and instrumental, including 

rformances on the organ similar to those now given in various 
hogs provincial towns, such as Liverpool and Birmingham. ‘The 
distribution of prizes by public bodies and societies, Conver- 
saziones of societies established for the promotion of science and 
art. Agricultural and horticultural exhibitions. Nationa) and 
international exhibitions of works of art and industry, including 
industrial exhibitions by the working classes, similar to those 
recently held successfully in various parts of London, Exhibi- 
tions of pictures, sculpture, and other objects of artistic or scien- 
tific interest, and for any other purposes connected with science 


week’s additional pay in recognition of their long services. and art. 


Sream Hammers.—Mr. David Joy, of Middlesborough, is 


The outer casings are large examples of plate-iron work. Some | making for Mr, J. F. Spencer’s new works at Tynemouth a steam 


hammer, which has a crane formed upon the framing. The 
design is very neat, and we hope to be able to give an illustration 








of the firebox plates. ‘hey are lap joints, the tube 


iron. Very much larger furnaces are in course of construction. 


of it shortly. 
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FRENCH RAILWAY CARRIAGES. 
































































































































































































































We noticed in our last number a new and important French 
engineering work, the ‘* Nouveau Portefeuille de |'Ingénieur des 
Chemins de Fer,” by MM. Perdonnet and Flachat, and we 
now reproduce from it drawings of the double-storied carriages 
in use on the Western Railway of France. The carriage 
represented in our engravings is one of the second class. Each 
story is divided into four compartments ; the compartments 
in the lower story being each intended to accommodate ten, 
and those in the upper story each six passengers. The total 
number of passengers whicu the carriage will carry is thus 
sixty-four. 

The total length of the body is 20 ft. 24 in., the distances 
between the ends of the body and the centres of the nearest 
divisions between the compartments being 5 ft. 1} in: the distance 
from the centre of the middle division to that of each of the 
next divisiens is 4ft.11,in. The outside width of the lower 
Ee of the body is 8ft. 5 in. at the top, and at the 

ttom 8 ft. 2} in., whilst the width of the upper story for its 
whole height is rather less than 6 ft. 2} in.; the total height of 
the lower story, at the centre, is Sit. 7in., and that of the 
upper, between the flooring and rocf boards, 4 ft. 6 in. The total 
height of the upper roof of the carriage above the rails is about 
13ft. 9 in, The lower part of the carriage is enclosed, and furnished 
with the usual doors and windows ; the sides of the upper story, 
on the other hand, are open, the seats being merely fitted with 
rails at their ends, The width of the doorways of the lower 
part is 1 ft. 11§ in. 4 

The roof of the upper story is light, and is carried by the 
arched rails at the top of each partition. The roof of the lower 
body is supported by four strong roof sticks in each compart- 
ment, in addition to the arched rails, as shown in Fig. 2, and 
upon it are placed the boards forming the flat floor of the upper 
story. The flooring boards of the lower compartments are 
fixed to the underside of the body frames, so that the height 
inside is kept as great as possible. The framing of the upper 
story is stiffened by cast-iron brackets placed in the corners 
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between the side pillars of the partitions and the cant rails, as 
shown in Figs. 1 and 2. In the lower compartments the seats 
are furnished with cushions, and the backs are stuffed, as shown 
in Figs. 1 and 3; the window sashes also of both the doors and 
side lights are made to open and shut. Two lamps, for lighting 
the lower compartments, are introduced, one in each of the 
end partitions. Access to {the upper story of the carriage is 
obtained by means of two flights of steps at each end, 
arranged as shown in Fig. 4. A handrail is fixed along the 
edge of the roof of the upper story, and handrail pillars are 
laced at each end of the roof of the lower story, as shown in 
‘igs. 1 and 4. 
The under frame of the carriage is 6 metres, or about 19 ft. 
Shin. long, and it is 5 ft. 11gin. wide between the soles. The 


frame consists, besides the soles and headstocks, of a pair of 


diagonals running from corner to corner of the frame, and five 
transverse bearers, disposed as shown in Fig. 2. The soles and 
headstocks are each 4 in. thick by 933 in. deep, and the diagonals, 
the tops of which are level with the tops of the soles and head- 
stocks, are 5}in. wide by 2}in. deep. Of the transverse 
bearers, the centre oneis 43 in. square, and those which come 
next to it are the same depth as the soles, or 9}3 in. deep, by 
3} in. thick. The transverse bearers which are nearest the 
headstocks are 5} in. deep by 3% in. thick; they are 
placed at the middle of the depth of the frame. The wheels, 
which are placed at a distance apart of 11 ft. 5} in., are 1 metre 
or about 3ft. 3$in. in diameter. The axles are 43 in. in 
diameter at the centre, and 4§ in. at the wheel seats; they have 
bearings 3} in. in diameter and tin, long. The construction of 
the wheels is, as will be seen by the figures, one which has been 
long abandoned on English lines. 

The buffer-rods are 2} in. in diameter, and the buffer-heads, at 
one pair of opposite corners, are made flat, whilst those at the 
other two corners are rounded. The buffers are a little over 
5 ft. 8in. apart transversely, from centre to centre, and the 
inner ends of their rods are fitted with shoes bearing upon the 
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ends of a pair of steel springs placed at the centre of the frame, 
as shown by Fig. 2; these springs also act as drawsprings, the 
drawbars being coupled to their —. As we have stated, 
the buffer-rods act upon the ends of the springs, and the whole 
elasticity of the latter is thus available for buffing; the pull of 
the drawbars is, however, restricted to acting upon the central 
_— of each spring only by means of the following arrangement: 
zach spring is provided with a short top plate 3 ft. 3} in. long, 
curved toa greater camber than the rest of the spring; and 
each end of each of these top plates is connected by links with 
the corresponding end of the top plate of the other spring. 
When a pull comes upon the drawbars, the whole of each spring 
deflects until the pair of springs are restrained by the links, 
after which the strain is borne by that part of each spring only 
which is between the links. The drawbars are furnished with 
collars, keyed on, which prevent the drawsprings from being de- 
flected too far. The safety chains are 3ft. 8in. apart from 
centre to centre, and their bolts are carried through to the inner 
side of those transverse bearers which are the same depth as 
the soles. Each safety chain bolt is furnished with a washer 
plate, secured by a nut at its inner end, and an india-rubber 
ring is interposed between the washer plate and the correspond- 
ing bearer. , 
The hornplates or axle-guards are ot wrought iron, and a 
of the ordinary W form used in this country. They are rather 
more than in. thick, and are fitted so as to allow the axle-boxee 
a transverse play of a little over Zin. and a longitudinal play 0 
din. The footboards ut each side of the carriage have a tota 
length of about 21 ft.8in. They thus project beyond the — 
and allow the guard to pass easily from one carriage to anot 4 
‘The total width of the carriage over the footboards is about 8 it. 
Sin. The carriage which we have just described differs mate- 
rially in its constraction from any in use in this country, ~ 
the drawings of it will therefore be no doubt interesting to a 
of our readers ; it is only one of a number of examples given bY 
MM. Perdonnet and Flachet in their valuable work. 














APRIL 27, 1866.] 





ENGINEERING. 





269 











TURBINES AT THE PHILADELPHIA WATER WORKS. 
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course, accurately mea- 
sured, and the results 
obtained showed that 
the actual power utilised 
by the models varied 
from 47.34 to 87.77 per 
cent. of that due to the 
quantity and fall of the 
- water. It was found 
that those wheels, such 
as the Jonval, through 
which the water pas 
vertically, gave the 
> highest useful effects ; 
SS next in order came those 
‘which delivered the 
water centrifugally, or 
from the centre, whilst 
the lowest in efficiency 
were those in which the 
water escaped centri- 
petally, or towards the 
centre. Our space will 
not allow us to enter 
into the details of these 
experimental trials, al- 
though they were very 
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Tux three Jonval turbines in use at the extension of Fair- 
mount Waterworks, Philadelphia, are the largest wheels of that 
class that have as yet been erected, although, as they are worked 
with a low full of water, they are by no means the most power- 
ful. At the time when the extension of the works was deter- 
mined upon, an examination was made of the water power avail- 
able at the Fairmount dam, and it was found that, for more 
than ten months of the year, the amount of water wasted by 
flowing over the dam was greater than could be passed through 
the nine wheels then in operation. The dam at Fairmount 
extends completely across the River Schuylkill, which river has, 
between the dam and Columbia Bridge, a point rather more 
than 1} miles above it, a mean sectional area of 8254 square 
feet. ‘The average velocity of the flow at this part of the river 
is about two miles per day, the daily discharge Geing thus equal 
to over 540,000,000 gallons. The mean depth of water at the 
dam is 11.3 ft., and the greatest depth 85 ft. After some con- 
sideration it was determined to provide the additional pumping 
power required, by the erection of large turbines, and an exten- 
ee of experiments was carried out in order to ascertain 
orm of wheel best adapted to the work. Altogether, nine- 
‘een series of trials were made of model wheels of various kinds 
= proportions, furnished by twelve different makers; these 
be eels being all tested under an uniform head of water of 6 ft., 
and the power exerted being measured by dead weights of from 


Ps results were, however, 
that three wheels, those 
constructed by Mr. J. E. Stevenson, Mr. Emile Geyelin, and 
Messrs. Andrews and Kallbach were found to be nearly equal in 
efficiency, the per-centages of useful effect obtained being 87.77, 
82.1, and 81.87 per cent. respectively. The three makers above 
mentioned, and also Mr. Levi Smith, were invited to tender for 
the supply of three wheels with the necessary gearing, and even- 
tually the bid of Mr. Emile Geyelin (who was at one time with 
Messrs. Koechlin and Co., of Mulhouse, where the Jonval wheel 
was first brought out) was accepted. The first two wheels were 
constructed for the contractor, Mr. Geyelin, by Messrs. I. P. 
Morris and Co., of Port Richmond, and of one of these we give 
illustrations. 

As the dam at Fairmount backs up the water of the river for 
about seven miles, and as any accident to it would cause the 
destruction of a large amount of valuable property, the operation 
of putting in the head arches and flumes for conveying the water 
to the wheels had to be conducted with the greatest care. The 
works were commenced by constructing a strong coffer-dam an 
the north or upper side of the dam, and inside this, after an ex- 
cavation had Teen made to the proper depth, a bed of broken 
stones was formed. Upon this bed was laid a platform of 12 in. 

ine logs, around which sheet piling was driven ; the interstices 
tween the logs were then filled up with broken stone, and 
cement grout was run in so as to bind the whole mass together. 
The platform or bed thus formed was then covered with 3 in. 





ow to 1600 Ib. lifted to heights of from 14 to 26 ft. The 
iuantity of water used by each wheel whilst under trial was, of 


pine planking, and upon this the front wall, head arches, and 





with brass ; and the gates, which open a waterway of 65 square 
feet for each wheel, are raised by screws. After the face wall 
had been carried to its full height, and the flume led into the 
embankment for such a distance as to ensure safety from any 
accident arising from the pressure of the water, the works were 
commenced upon the south or down-river side of the dam. On 
account of the great depth required for the wheel pits, and the 
looseness of the materials of which the dam was composed, the 
construction of a cofferdam on the south side of the dam was 
found to be a matter of considerable difficulty. Notwithstand- 
ing that excavations were made into the dam as far as safety 
would permit, and piles freely used, a large quantity of water 
leaked into the cofferdam at high tide, and gave much trouble. 
After a depth of about 16 ft.. had been excavated, a deep stratum 
of river mad was reached, and into this were driven three hun- 
dred and fifty piles. These piles were driven through the mud 
and a substratum of gravel from 3 ft. to 5 ft. thick, making in all 
a depth of from 16 ft. to 23 ft.; the mud was then excavated 
around the heads of the piles to a depth of 1 ft. Gin., and the 
space filled in with broken stone, as shown in the figures. A 
platform, 113 ft. by 23ft., made of 12in. timbers, was then 
placed upon the heads of the piles, and surrounded by a double 
row of jointed sheet piling. The interstices between the timbers 
were then filled with broken stone, into which cement grouts 
were run, and the whole was covered by a double thickness of 
3in. planking. This — forms part of the foundations of 
the buildings and machinery, the wheels being supported directly 
upon this floor. The foundations for the pumps are formed 
rtly upon the dam itself, the loose stones of which the em- 
mers hon is composed being levelled to a proper depth, and the 
interstices filled up with cement grout, so as to form one solid 
mass: 33,500 cubic feet of grout were used, The mill-house is 
roofed with brick arches covered with flagging, and supported by 
wrought-iron girders. ‘The arrangement both of the roof and 
foundations is shown in the illustrations. 
In order to avoid the danger which would have been incurred 
by excavating far into the dam, the turbines are placed at the 
south or down-river end of the mill house, each wheel being 
supplied with water by an elliptical tube 36 ft. long, the hori- 
zontal diameter of the tube being 12 ft. 10in., and its vertical 
diameter 7 ft. 2 in., giving a clear water-way of over 70 square 
feet. ‘The cover of the wheel casing is strongly ribbed on the 
outside, and is slightly arched so as to join the inlet tube. Each 
wheel stands in a pit 15 ft. by 20ft., the floor being 4 ft. 4 in. 
below mean low tide, and 10 ft. 4 in. below mean high tide; 
the extreme variation of the tides, however, is 8 ft., and this, of 
course, greatly affects the power developed by the wheels. The 
centre of the wheel is 2 ft. 8 in. below the surface of an ordinar: 
tide of 6ft., and the mouth of the casing from which the tail 
water escapes is 1ft. 9 in. below low-water mark. ‘The form of 
the wheel casing, and the arrangement of the wheel, is shown in 
the section, Fig. 2, from which it will be seen that the guide 
curves of the stationary or guide wheel are fitted into a conical 
part of the casing, which unites the wheel casing proper with 
the upper chamber, which is 12 ft. in diameter. The guide curves 
are seventeen in number, and are 1 ft. 7 in. high; the area of dis- 





gates were erected, The gates and flumes are of cast iron, faced 





charge through them is 2050 square inches, or 14.286 square 
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feet, this being about 30 per cent. in excess of the area of dis- 
charge through the revolving buckets. The revolving wheel is 
made of wrought iron, cast to a cast-iron centre, and bound bya 
wrought-iron rim. The buckets, of which there are fifty, are 
9 ft. in diameter outside, 6 ft. 4 in. inside, and 12 in. deep. They 
are 1 ft. 4in. long, and the total area of discharge afforded by 
them is 1575 square inches, or 10.9375 square feet. The wheel 
is turned true, and the buckets and guide curves are ground 
smooth. The main shaft is 8 in. in diameter, and to its lower end 
is keyed a cast-iron socket, hollowed on its under side to fit upon 
the top of a block of lignum vita 15 in. in diameter and 8 or 9 in. 
thick. This block is-fixedin a socket supported by a short colamn 
resting on the foundations, the upper end of the column being 
steadied by arms connected with the draft-box, as shown in Fig. 
2. The draft-box or discharge tube is supported by stands 
resting upon the base ring, these stands and ribs cast = the 
outside of the draft-box forming guides for the gate. The gate 
consists of a short ring or cylinder 10 ft. 5 in. in diameter and 
2 ft. Gin. high, raised and lowered by simple gearing. When 
raised, it uncovers the whole of the mouth of the discharge tube ; 
and when lowered, it fits water-tight on the base ring, and on 
the mouth of the discharge tube. The total height of the draft- 
box, cylinder, chamber and cap is 17 ft., and the bottom edge of 
the wheel is 7 ft. 1 in, above the ground joint on the bottom plate, 
on which the bottom edge of the gate fits. 

The arrangement of the gearing by which the shaft of the 
wheel is connected with the crank sbaft for working the pumps 
is shown in the Figs. 1 and 2. It consists of a pair of bevel 
wheels which transmit the power from the vertical shaft of the 
turbine to a horizontal countershaft, and a pair of spur wheels 
connecting this shaft with the crank shaft. The total ratio of 
the gearing is as 354 to 13, and the average speed of the crank 
shaft is 12 revolutions per minute. In both pair of wheels the 
om sa are of cast iron; the wheels are of cast iren, with 
vickory cogs. The crank shaft cares at each end of it a 
disc wheel in which are fixed the crank pins to which the 
pump connecting rods are coupled. The puntps themselves 
are 1 ft. 6 in. m diameter, with a stroke of 6 ft., and are 
fixed horizontally upon a bed as shown in Fig.1. The 
pump pistons are packed by weod placed with’ the grain abutting 
endways upon the bore of the pump barrel, and forced outwards 
by means of a cone placed within the woodén' ring of each pis- 
ton. ‘The valves are of the double-beat class, and are contained 
in chambers connected with the ends of the pumps. An air ves- 
sel is placed over each set of valves, and another on the connect- 
ing pipe between the chambers, as shown in the figures; the 
suction pipes which draw the water from the flumes supplying 
the wheel are also provided with air vessels. 

From the pumps of the three wheels, the water is led to near 
the foot of the upright pipe leading to the reservoirs by means 
of three 30 in. mains, these being connected with the upright 
pipe by a single main 4 ft.in diameter. The upright pipe, which 
1s 64 ft. high and 5 ft. in diameter, is made of ae iron, and 
is closed at the top. A branch 3 ft. in diameter, is led from the 
upright pipe at a point 7 ft.-below the top, the space between 
this branch and the cover of the pipe forming an air vessel. 
This branch pipe, being only 8 ft. in diameter, checks to some 
extent the flow of the water; it is, however, the size of the con- 
nexions on the old stand-pipe to which it leads. The upright 
pipe is enclosed in an ornamental stone tower, and is connected 
with the side of the hill by an arch carrying and enclosing the 
Sft. branch pipe. The lift under which the pumps have to 
work is 115 ft., and the average full of water for driving the 
wheels is 11ft. As we have already said, the average speed 
of the pumps is 12 double strokes per minute, and at this speed 
the whole of them would have a pumping capacity of about 
13,000,000 gallons per day. It was stated in a report made by 
the chief engineer of the works, Mr. Henry P. M. Birkinbine, 
soon after the wheels were erected that the amount of power de- 
veloped by these wheels was a little over 70 per cent. of that 
due to the fall and quantity of water used. This duty was less 
than that obtained from Mr. Geyelin’s model, and not quite so 
great as that guaranteed by the contract ; but this result was at- 
tributed by Mr. Birkinbine to the injudicious arrangement and 
limited size of the ascending mains, and to some imperfections 
in the gearing, and he stated that when improvements had been 
made in these details, he had no doubt but that the wheels 
would give the full guaranteed duty. 


Smoke Prevention.—In the House of Commons, on 
Friday last, Sir R. Peel asked the Secretary of State for the 
Home Department a question with reference to the pledge given 
by him before the Easter recess, as to the introduction of a bill 
ou the subject of the nuisance resulting from the smoke of fur- 
naces in towns and country districts. Sir G. Grey said, “ I have 
addressed a circular letter to some of the largest towns in the 
kingdom with reference to the subject which my right honour- 
able friend brought before the House. The result of the an- 
swers which I have received is that in every one of those towns 
in different parts of the country there is power on the part of 
the local authorities to prevent the nuisance arising from the 
smoke of furnaces, but there is a great diversity in the mode in 
which the law is enforced? [Sir R. Peel: “ What law ?”] 
The law requiring the ne of smoke, or preventing 
nuisances arising from smoke. shall lay on the table a copy 
of that circular letter, and I may add that a bill is in prepara- 
tion by my right honourable friend the Vice-President ot the 
Council, one of the objects of which will be to provide some sum- 
mary mode of proceeding, by which, in the matter of the nuis- 
ance of smoke and other nuisances local authorities may be com- 
pelled to do their duty.” 

Steet Orpnance.—Messrs. John Srown and Co. (Limited), 
of Sheffield, are preparing machinery, which, it is expected, will 
soon be in readiness for working, for rolling down hollow blocks 
of steel into gun tubes and jackets. ‘The ingot is first hammered, 
and is then cut across into blocks. These are punched down 
through the centre, and, as we understand, by a punch having a 
rounded boss on the end, and the opening so made is gradually 
enlarged by successive punches of the same form, the steel being 
worked hot. The tube is then rolled down upon a mandril. 
We are informed that preparations are making for rolling tubes 
for 7-inch guns, and that larger tubes will be afterwards pro- 
duced. We believe the subject is before the War Office. 





SHORT PASSENGER TRAFFIC. 

Tue class of railways, in large towns, which corre- 
spond, in the frequency of their stations, to the Metro- 
politan line, will require passenger locomotives of a 
class to which engineers have never been accustomed. 
Here, in the metropolis, some of the stations will be 
less than three-eighths ofa mile apart, and, with heavy 
trains, a very great amount of power must be available 
to get them quickly into motion, and a great amount 
of power must, of course, be expanded upon the brakes 
in order to as quickly stop them. The working of the 
North London trains is already remarkable in this 
respect. With engines having large cylinders, moderate- 
sized driving wheels, great adhesion weight, and a steam 
pressure of 160 lb. per square inch, the trains are got into 
a speed of 25 miles an hour in perhaps half a minute, 
and the engine often enters a station at almost that 
rate, and is stopped within the length of the platform. 
The resistances to uniform motion are not, of course, 
greater than on other lines, but the repeated task of 
starting off every three or four minutes runs away with 
a great amount of power. Irrespective of the friction 
and resistances due to gravity and irregularities of the 
line, it requires as much work to get up a speed of 
25 miles an hour as it would to lift it bodily to a height 
of 21 ft. in the air. For 25 miles an hour is equal to 
36% ft. per second, and however this velocity may be 
imparted, or in whatever direction, the power expended 
must be equal to that of gravity in generating the same 
velocity, and we easily find that a body would require 
to fall, ix vacuo, from a height of 21 ft. to acquire a 
velocity of 36% ft. per second, in other words, 25 miles 
an hour. With frequent stations, a space of half a 
minute is as much as should be allowed to get up this 
speed, and, even with powerful brakes, nearly the same 
time will be occupied also in stopping. With these 
delays, and with even half-minute stops at the stations, 
the mean rate of progress, with stations at every three- 
eighths of a mile, is by no means great. We can easily 
see what it would be. Starting from one station, we are 
half a minute in getting up speed, and as the mean 
speed for this time is only half that finally attained, we 
have a mean rate of 124 miles an hour, giving 550 ft. 
forward for the half minute. If the same distance be 
gone over in the same time in stopping, we thus have 
1100 ft. out of the three-eighths of a mile, leaving only 
880 ft. to be made at the full rate of 25 miles an hour ; 
and the time occupied, therefore, on this short distance 
would be but 24 seconds. Then we have the stop of 
30 seconds at the station, so that for the three-eighths 
of a mile, including the stop, 1 min. 54 sec. are occupied, 
and thus, if the whole length of a line was divided in 
stages of three-eighths of a mile, the average speed per 
mile, including stops, would be a little less than 12 
miles an hour, a rate not very much greater than that 
of a Hansom cab drawn by a good horse. Passengers 
who may have to ride 5 miles, and to make ten or 
twelve stops on the way, find these constant delays 
tedious, and are hardly satisfied with all that the most 
powerful engines can do. 

But let us see what is the work expended in getting 
a train into a rate of 25 miles an hour in half a minute, 
the work done being the same as lifting it 21 ft. high 
in that time. The distance run in the half minute (the 
average speed for that time being 124 miles an hour) 
will be 550 ft., and hence, so far as the accelerating 
force is concerned, irrespective of friction and all other 
resistances to uniform motion, the work is the same as 
if the train had to be run up a plane 550 ft. long and 
rising 21 ft., or, in other words, an incline of 1 im 26 
nearly. Thus, for every ton of the weight of the train 
, 2240 Ib. x 21 ft. 
an accelerating force of —-—~——— 

. 550 ft. 

be exerted, and for a train weighing, with its tank 
engine, 125 tons, an accelerating force of 10,6874 lb. is 
required. There are, besides, the ordinary resistances 
to uniform motion, which have to be added to this, 
making the total resistance for the half minute about 
12,000lb. With 17 in. cylinders, 2 ft. stroke, and 
5 ft. 9 in. wheels, which are the leading dimensions of 
the North London and the Metropolitan engines, this 
amount of tractive power could only be exerted with 
a mean effective cylinder pressure of 120 lb. per square 
inch. On the North Reahen line, with a boiler 
pressure of 1601b., this mean cylinder pressure can be 
depended upon when required; but for engines which 
work in tunnels, where, in order to keep the line clear 
of gases, but little combustion can be permitted in the 
fireboxes, not more, perbaps, than 80 Ib. can be counted 
upon. And it would require a cylinder 20}3in. in 
diameter to do, with 801b. of steam, what a 17 in. 
cylinder would do with 120 Ib. 

The conditions of short passenger traffic are, it will 


-= 85.5]lb.must 








be seen, wholly unlike those which govern the power 
required for long runs. Passenger engines have been 
increased in size for this class of traffic until they are 
already of great weight, but we do not think that the 
limit already reached will satisfy the requirements of 
the lines yet to be made. 








THE RIVER THAMES. 


Tue report of the Rivers Commission is one of long 
and ruinous neglect of the River Thames. Indeed, we 
hardly need to be told that the channel has been allowed 
to silt up and to be choked with weeds at many 
points, that the locks had fallen into ruin; and that the 
millers had had their own way with the river, raising 
their weirs as they liked, and causing the flooding of 
large tracts of land. Besides this, nearly the whole 
population of the valley of the Thames turns its sewage 
into the river, and even the carcases of animals are 
allowed to float and rot upon its surface. Fourteen 
years ago, such of the London water companies as took 
their supply from the ‘Thames were compelled, by Act 
of Parliament, to go above Teddington Lock, and five 
of the companies now pump from Kingston and Hamp- 
ton. But the water above Teddington is becoming 
nearly as bad as that in the great tidal estuary below. 

The bill for the improvement of the Thames, which 
was read a second time last week, and referred to a 
Select Committee, proposes to place the Thames for 
its whole length in the hands of the Thames Conser- 
vancy, whose jurisdiction now extends only as far up 
as Staines. Should the bill be carried, the river, for 
its whole course, will be treated with reference only 
to public interests; for there is not much doubt that 
the money required for its improvement can be raised, 
when it is known that it will be expended upon works 
likely to give a fair return. The Conservancy would, 
in the first place, endeavour to restore the navigation 
of the river, and would construct weirs and locks only 
where they would best serve this purpose, together 
with that of the proper drainage of the adjoining lands. 
They would have power, besides, to regulate the dis- 
posal of sewage dina the river, and even to prevent 
its discharge into the stream. 

If the navigation of the river were properly main- 
tained, water carriage would compete to advantage 
with railway transport, especially for coal, guano, &c., 
coming to London by sea. It is to be remembered, 
however, that, with the North Metropolitan Railway, 
of which Mr. Hawkshaw is the engineer, and which 
will extend from Southall, on the Great Western line, 
up the valley of the Brent, under Hampstead Heath, 
and thence to the river, near the Victoria Docks, the 
Great Western will possess unusual advantages in 
respect of the carriage of goods coming to London by 
sea. This fact will not, however, greatly lessen the 
necessity for a thorough improvement of the condition 
of the river. 








Ay Aurnority upon Water PowEr.—The Dundee Ad- 
vertiser has a correspondent, Mr. Sholto Douglas, who also 
refers to his contributions to Zhe Engineer, and who, ae 
other things, gravely says: “Once let it be demonstrated beyon 
the possibility of a doubt, that the turbine wheel can be con- 
structed so that it shall be able to give out, at any height of 
fall, from 180 to 140 per cent. of useful effect, due to the quan- 
tity of water expended, instead of only from 40 to 50 per cent., 
which is about the highest result obtained in the great majority 
of our breast and overshot wheels, then shall those connected 
with water power look with a greater degree of interest on the 
merits of the turbine.” Mr. Douglas has made a turbine, and 
he proceeds to lay down the rules and to detail the experiments 
by which its theoretical and actual power have been respectively 
determined. ‘Hitherto it has been a constant rule in all water 
wheels to multiply the product of half the weight of water ex- 
pended by the product of half the velocity of the stream. This 
gives what is termed the theoretical power; but in order to ob- 
tain the useful effect, loss of water, friction, and every other im- 
pediment must be deducted!” Then we have some calculations 
and the result: “Here we have it demonstrated by calculation 
that the turbine will raise 21,329.198750 Ib. 1 in. high, or give 
out rather over 138 per cent. of useful effect. But science de- 
mands something else than mere figures. — Happily we have it 
fully demonstrated by actual weights raised. 1 erefore, the 
question naturally arises, How is this power obtained ? I cannot 
answer the question better than by referring the reader to my 
letter published in The Engineer of November 10, 1865, and 
signed ‘Hydro,’ Blairgowrie. In that letter will be found a 
principle, whereby water flowing through a certain form of an 
aperture is found to exert a force nearly equal to 200 per cent. 
But the most remarkable circumstance in connexion with the 
action of the water on the wheel is by it being admitted at 
the periphery, and also discharged at the same extremity, moves 
the wheel nearly one-half faster than the stream driving it. 
This is most difficult to conceive, and appears at first sight to 
approach to something like a creation of motion, but that 
must be as impossible to any creature as the creation of ee 
It seems to arise from a law of hydraulics which is but little 
known or understood by practical men!” Most wonderful. 
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THE THAMES EMBANKMENT. 
We foresaw the extent of the mischief and annoy- 
ance which the groundless, although most cireumstan- 
tial, story relative to the Metropolitan District 
Railway and the Thames Embankment was likely to 
cause. As soon as the Pall Mall Gazette, taking the 
respectability of its authority for granted, gave real 
publicity to the statement that the Embankment was 
to be destroyed by an open cutting along its whole 
length, every one who did not know the real facts of 
the case felt indignant, and so strongly has this~ indig- 
nation been expressed by the Pall Mall Gazette and 
endorsed by the Zimes, that the journal in which the 
fiction first appeared now takes advantage of this cireum- 
stance to virtually charge Mr. Fowler with evasion or 
concealment — a question of great public interest, 
and upon which the public have a right to be (as they 
easily may be) fully informed. The story, says the 
journal in which it originated, “remained uncontra- 
dicted for nearly a month!” No doubt Mr. Fowler 
thought it needless to contradict such a statement 
from such a source. It will be remembered how we 
contradicted it the week after it appeared, and more 
than one correspondent of this journal expressed to us, 
at the time, the opinion that the contradiction was 
needless. No doubt had the story been started in the 
same journal that the Metropolitan District Railway 
Company were about to remove St. Paul’s, it would have 
also remained without official contradiction ; but when 
the Zimes took up the impudent accusation, Mr. 
Fowler felt compelled to speak out. Mr. Crawford, 
M.P., who put a question to the President of the 
Board of Trade on the subject, on Thursday week, was 
told that, “ By the Metropolitan District Railway Act 
“a large portion of the railway between Westminster 
“and Blackfriars Bridges is required to be constructed 
“through atunnel. According to Mr. Fowler, out of 
“the whole length—14 mile—only about one-eighth of 
“a mile caw be made in open cutting. The Board of 
“Trade are not aware of any proposal having been 
“ made since the passing of that Act to obtain autho- 
“rity for the company to alter its provisions regard- 
“ing this portion of railway.” The above is Mr. 
Milner Gibson’s reply, in the words of the Times 
reporter, and the next day after this reply was made 
the journal which had caused all the annoyance com- 
placently observed that, “‘ It may interest some of our 
“readers to learn that Mr. Crawford, M.P., is about 
“to ask in the House ‘If it is intended to carry the 
“Metropolitan District Railway along any part of the 
“*Thames Embankment between Westminster and 
“* Blackfriars Bridges in an open cutting instead of 
“a tunnel,’ ” 

On Friday last, at the weekly meeting of the Metro- 
politan Board of Works, Mr. H. Lowman Taylor said 
he wished to draw the attention of the Board to a 
paragraph which had appeared in the Zimes, in which 
it was stated that a very large portion of the Metro- 
politan District Railway would be executed by an open 
cutting in the Thames Embankment, and that it was to 
be done under the authority of the Metropolitan Board 
of Works, and who were considered to ss the guilty 
parties to these transactions. He wished to know if 
there was any truth in that statement. Mr. Bazelgette, 
the chief engineer to the Board, stated that there was 
no truth whatever in the statement, and we understand 
that his negative was expressed rather more strongly 
than it appeared in the newspaper reports. 

But contradiction like this is not sufficient to satisfy 
the journal which originated the story. It now says : 
“Tn justice to ourselves, we must add that the in- 
“formation on which our article was based was so 
“ specific, complete, and supplied from such a source, 
“ that we felt it to be fpenaiile to doubt its substantial 
“accuracy.” What could have been the sources of 
information, so specific and complete, which did not 
comprise the Act of Parliament under which the rail- 
way is to be constructed, and which makes the adop- 
tion of a tunnel compulsory for at least two-thirds of 
the distance between Westminster and Hungerford ? 

at were the sources which included neither the 
engineers to the Metropolitan District Railway nor the 
engineer to the Metropolitan Board of Works? And 
what and where were the “ drawings of the new line” 
from which the editor had himself actually taken certain 
Measurements, which were given in detail ? What, espe- 
cally, were the drawings which showed the “ handsome 
" parapet”? It was emphatically announced that the 
railway was to be from Westminster to Hun- 
gerford, “at all events, in open cutting;” the “ fact’ 
Was “even so,” &e., &e. Now after such an authori- 


tative announcement, and after its denial by Mr. 
owler, what is to be thought of the complacency with 


wh 


“ regretted that Mr. Fowler, after the loss of so much 
“time, instead of expressly and explicitly stating 
“ that the construction of an open cutting through az 
“ part of the embankment had never been contemplated, 
“and that no such cutting will be found to exist 
“ when the line is complete, has contented himself with 
“falling back upon certain clauses inserted in the 
“ Metropolitan District Railway Bill, which, on his 
‘own admission, leave it possible to construct one- 
“fourth of a mile of the section in question in open 
“ cutting” ? 

The only statement which required any denial was, 
that the whole distance “ from Westminster to Hunger- 
“ ford, at all events,” was to be in open cutting, and 
Mr. Fowler not only denied this, but, as nearly as he 
could do so in the case of a work of which the details 
are not yet fixed, he mentioned the narrow limits of 
length within which any open cuttings were permitted 
at all. These limits, which apply to the whale mile 
and a quarter of the Embankment, are adroitly appro- 
priated, by the journal which originated the fiction, to 
the “section in question,” the only “ section in ques- 
“tion” being that from Westminster to Hungertord, 
the very section where, from the provisions of the Act, 
to which any one can refer, the railway must absolutely 
be carried under the roadway for nearly the whole 
distance! But even this is not enough. A public 
journal, without a particle of evidence to rely upon, 
makes the gratuitous charge that the leading member 
of the profession, the President of the Institution of 
Civil Engineers, is about to do what he could only do 
by overriding an Act of Parliament, and then coolly 
asks him to state distinctly that he has no intention 
of doing such a thing! ‘lhe Act, with all its clauses, 
is as nothing, however ; for says the journal, “ Clauses 
* such as these have frequently failed to prevent a 
‘ railway company from pursuing a course inimical to 
“ the interests of the mat op and we confess we should 
infinitely prefer such a direct assurance from Mr. 
* Fowler as we speak of to a whole host of clauses.” 

A declaration of Mr. Fowler’s intentions, therefore, 
is to be preferred to an Act which binds him completely 
in most respects, and which leaves open all points not 


. 


“e 


whose engineer is as jealous of the beauty and utility 
of his embankment as any inhabitant of the metropolis 
can be! ‘The Zimes, the other day, frankly admitted 
that it had been cruelly hoaxed with respect to its 
Austrian intelligence. Why does not the other journal, 
now in question, frankly make a like admission-with 
respect to the Embankment ? 

Mr. Fowler could not, of course, say that no open 
cutting was ever contemplated, although we inad- 
vertently said so last week. The original plans were 
defeated in Parliament, for the very reason that they 
showed an open cutting for much of the way. Permis- 
sion for a short length at Westminster station, and for 
another at Charing-cross, was, however, given, subject 
to the decision of the Board of Works, and those who 
had informed themselves upon the matter knew this 
from the first. But this did not warrant the statement 
made by our contemporary, a statement which has 
caused so much meee alarm, and so much annoy- 
ance to those who have been compelled to contradict 
it. During the discussion at the Metropolitan Board 
of Works, last Friday, several members observed that 
it had been fully understood, on the passage of the 
Metropolitan District Railway Act that the whole line 
along the Embankment was to be in tunnel, with no 
openings except those necessary for ventilation, and at 
stations. What was believed will be found to be borne 
out strictly by the result, and the engineer to the Board 
of Works will, we have reason to believe, take care 
that the necessary openings are the smallest possible. 








EXPANSIVE WORKING. 

Our readers will be disappointed with Mr. Allen’s 
concluding letter upon the subject of expansion. A 
good deal of it is irrelevant to the subject under dis- 
cussion ; and as for the rest there is a repetition of mere 
assertions which he had already made in previous 
letters, and a constant loose recurrence to his own 
plan of engine, for which he has a patent. The ques- 
tion is one to be settled only by a consideration of dia- 
rams, experimental results, prices of engines, &e. ; 
yut Mr. Allen has not a diagram, a definite result, nor 
a price to offer. 

The American locomotives and Mr. Porter’s experi- 
ments have nothing to do with the case in question, 
and Mr. Allen might as well have referred to our 
articles upon the Patent Laws or the Ganges Canal as 
to them. No one doubts that the American engines 
waste steam by cutting off too late, but they never 





ich the offending journal can say that “ It is to be 


work continuously when following full stroke, as in 


decided by it to the decision of the Board of Works, |}, 


the case of one of the diagrams taken when just start- 
ing a train into motion. The experiments by Mr. 
Charles ‘I. Porter were made to ascertain the utmost 
amount of power which the engine could exert when 
forced, and no one supposes but that some waste of 
fuel took place. 

Mr. Allen believes in expansion. So do we. He 
believes in a high degree of expansion—say, six, eight, 
or ten fold. For non-condensing engines working with 
100 lb. steam, we, on the contrary, don’t believe in 
more than three or four fold in regular work. This rate 
of expansion can be readily and satisfactorily attained in 
a single cylinder. _ As for the heavy flywheel necessary, 
an additional weight of 5 ewt. in the rim would enable 
an ordinary traction engine to work as steadily when 
cutting off af even one-sixth stroke as when following 
two-thirds. Taking the coefficient of the friction as 
one-tenth, and the. revolutions of a crank shaft 10 in. 
in cireumference,in the journals as 150 per minute, 
we have nearly one-fifth of a horse power lost in the 
additional friction of the “heavy flywheel.” On this 
and on other subjécts Mr. Allen’s letters are hopelessly 
barren of definite daéa, and it is hardly worth the time 
and space to argue, with him. The application of his 
system to railway locomotives is a matter of some in- 
terest, however, and we shall certainly be glad to avail 
ourselves of the opportunities which he has kindly 
promised us, 








THE PATENT OFFICE. 

Unver Mr. Edmunds’s management, much of the 
work in the Patent Office fell greatly into arrear. The 
—— of the specifications is still many months be- 
1indhand.: The original specification, where one is filed, 
is always open’to public mspection at the expiration of 
the six months’ provisional protection, but a shilling is 
charged for the privilege. In the ordinary course, the 
specification would be printed about a month afterwards, 
when it can be examined without charge, or purchased 
at cost price, 250 copies of every specification being 
orinted, and the' gross cost divided by this number. 
Tosiead, however, of the specifications being printed 
within the month, they are now nearly six months 
ehind. Last Saturday, April 21st, we could only see 
the printed specifications of patents dated April and 
May 1865, and which should have been printed early 
in December last. The consequence is that, in con- 
ducting a search of any extent, twenty or thirty public 
but unpublished specifications may be required, ‘alk these 
can be seen only upon the payment of as many shillings. 
The condition of the Patent Office in this respect, and 
in that of the delayed abridgments of specifications, 
has been the subject of frequent complaint, and Mr. 
Bovill has lately done his best in Parliament to remedy 
it. But when the Attorney-general, as one of the com- 
missioners of patents, expresses his opiniou—although 
in guarded words—that the patent system ought to be 
abolished altogether, we fear that those who find fault 
with the management of the Patent Office can expect 
but little in the way of reform. 








Tue Roya Matt Streamers.—At the meeting of the share- 
holders of the West India Royal Mail ory ey the chairman 
stated that the consumption of coal had been reduced during 
the past year, There had been a reduction in the consumption 
of coal in the Rhone and the Douro, which reflected great 
credit on their managers as compared with the Oneida, which 
had heretofore consumed less coal than any other ship on the 
Brazilian route, The average consumption for a year was 1950 
tons per voyage, while that of the Douro was only 1607 tons, 
and of the Rhone 1570 tons, which was a very great reduction 
as compared with 1950 tuns. The last of the new ships was 
the Douro, and her performance was most satisfactory. The 
average speed of the ships for the West India service was 104 
knots per hour, The speed of the Oneida was 10.58 knots; of 
the Rhone, 10.56 knots; of the Atrato, 10.74 knots; of La 
Plata, 10.20 knots; and of the Tamar, 10.65 knots per hour. 
He considered that satisfactory. The speed for the Brazilian 
service was 9} knots per hour. The speed of the Oneida on 
that route was 9.52, of the Parana 9.76, of La Plata 9.95, of 
the Douro 10.80, and of the Rhone 9.91. 

Mr. Preece’s ELecrric SIGNALS FoR RarLway TRAINS.— 
On Saturday an experimental trip was made on the Great 
Northern Railway, between Doncaster and York, with a train 
which, since Tuesday, has run between Kings-cross station and 
Edinburgh, and fitted up with Mr. Preece’s communication be- 
tween engine driver and guard, as adopted on the London and 
South-Western line for twelve months, and on the Midland 
Railway for a few weeks past. ‘The experiment combined com- 
munication between the various guards of the train (which em- 
braced three vans and eight first and second-class carriages), 
between passengers and guards, and between guards and engine- 
driver. The experiments were conducted with perfect regu- 
larity. The train between Knottingley and Milford Junction 
was broken in two to represent the accidental breaking away of 
a portion of a train, and continuous signals were made to all the 
guards. It was also shown how portions of the train as it 
passed through Doncaster could be slipped off, without bringing 
the train to a stand, or in any way interfering with the com- 





munication between the passengers and guard. 
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THE CANNON-STREET BRIDGE. 


WE refer our readers to a previous number of this Journal* 

for a detailed and illustrated description of the Cannon-street 
bridge, on which occasion we confined our attention to the de- 
tailed construction of that work. We now give an elevation of 
one span (scale ys in. to the foot), showing its architectural 
features, and a reduced diagram of the entire bridge. The 
whole work, as our readers are already aware, is from the 
designs of John Hawkshaw, Esq., C.E., F.R.S., the engineer to 
the South-Eastern Railway Company. 
As before stated, the river is crossed by five spans, the three 
centre ones being 135 ft. 8in. each in length, and the two end 
or land spans 125 ft. each, the total width, exclusive of foot- 
ways, being 63 ft. 6 in., excepting at the northern end, where 
the width is gradually increased from pier to abutment for 
station accommodation. The cylinders on which the girders are 
— are 12 ft. diameter, and each pier consists of four 
cylinders placed 21 ft. 2in. apart from centre to centre. The 
bed-plates on the tops of the several piers are plaved at different 
levels to procure a camber of 8 in. in the entire length of the 
bridge. 

The face girders are covered in with a handsome cast-iron 
panelling, placed between the brackets or cantilevers which 
support the footway, and which, from their bold outline and 
oltddted shadows, give a highly ornamental effect as seen 
from the river. 

The footway itself is 7 ft. wide between the centres of the inner 
and outer parapets; the former cf which are bolted to the main 
outside girders, and are 4 ft. 5in. in height, consisting of solid 
panels 4ft. wide, secured to cast-iron pilasters, and surmounted by 
a cast-iron handrail. The outer parapet is 4 ft. 3 in. in height, and 
is bolted to a cast-iron bearer resting on the cantilever. An in- 
spection of the enlarged elevation, Fig. 2, will show that it is 
designed in open panels, 5 ft. in length, filled in with two circles 
intersecting each other, and each circumscribing a five (5) 
pointed star, which will be gilded on the completion of the work. 
Pilasters, 1 ft. 6 in. wide, separate these panels, and a cast-iron 
bandrail is placed upon the top. 

The cross bearers resting on the outer end of the cantilever 
are covered with a cast-iron moulded facia. 

The entire area of the face girders is covered in with orna- 
mental castings, so that, when completed, the side elevation of 
the bridge will show no part of its constructive details, 

The cylinders are 2in. in thickness, and are fluted all round 
from a little below high water upwards. The bed-plate girders 
are covered with a moulded cast-iron casing, and above them 
the width of the footway is increased and carried on brackets 
slightly varying in design from those employed on the rest of 
the bridge. 

Cast-iron towers, ornamented with lamps as shown, are to be 
constructed above each pier, and similar ones will be built in 
brick and stone at the abutment. 

The works of the bridge are now in a very forward state, and 
that portion which will carry the railway traffic is practically 
complete. The footway brackets are fixed to each face girder, 
and the parapets are being rapidly got into place. 

Over the pier, adjacent to the terminal station, an extensive 
signal station, three stories in height, are being erected by Messrs. 
Saxby and Farmer, at such a distance from the rails as to clear 
all traffic, and extending across the whole width of the bridge. 








Tue Tay BripGe.—The Board of Trade have made the fol- 
lowing report upon the bill for the great wp A to be constructed 
over the Firth of Tay :—*“ If the section of the bed of the Frith, 
along the site of the proposed bridge be the result of an actual 
recent survey, it differs very materially from the Admiralty 
survey made in 1833, and establishes the fact of the great 
changes to which the channels are subject. On this account, 
theretore, the arrangements of the wider spans for the con- 
venience of navigation, however applicable to the present con- 
dition, affords no guarantee whatever for the future; and, as 
these few wider spans would naturally lead a mariner to suppose 
they mark the appropriate course for navigation, so, when this 
happens not to be the case, vessels may be misdirected and 
suffer loss or damage. For instance, although the three wider 
openings on the southern side may occupy the present deepest 
— of the site, still they border so close to the tail of the 

irkhill Bank, that vessels passing through them would probably 
run on that bank. These wider openings, also, unless great 
changes have occurred, span a portion of a channel which at low 
water is nothing more than a cu/ de sac, the main ship channel 
being on the north side of Birkhill Bank. In the same mauner, 
also, the three wider openings towards the northern shore are ar- 
ranged to span a depression of the bed, but this leads only 
among the sands, and has no upper outlet at low water, and 
would therefore only prove deceptive. 1t seems manifest that, 
in order to afford such reasonable facilities to navigation as the 
erection of a bridge across this wide estuary will admit, and with 
reference also to the fluctuations to which’ the channels are 
liable, the spans should nowhere be less than two huudred feet, 
except in the permanent shallows near the shores, and that 
those southward of ‘ My Lord’s Bank,’ spanning the usual main 
channel, should be three hundred feet, with a headway of not 
less than one hundred and ten feet—it being impossible to predict 
the limits of the main channels; while in an estuary of about 
one and a half miles in width, and fifteen miles long in one di- 
rection, the sea in stormy weather will be sufficiently rough to- 
wards high water to make it hazardous to thread the narrow 
openings of one hundred feet proposed to be placed between the 
two wider openings referred to. If the bridge is urgently re- 
quired for the convemence of land traffic, so also it is incumbent 
to make such provision in the interests of navigation that the 
natural water highway be not unduly sacriticed. ‘Lhe proprietors 
should be bound to indicate both day aud nigut that portion of 
the bridge which spans the main ship channel, and it is worthy 
of consideration whether they should be held responsible for ac- 
cidents to vessels arising from the endeavour to pass the 
bridge.” 
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at the same rate for the space they occupy. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 


Cheques and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 
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THE INSTITUTION OF CivIL ENGINEERS.—Tuesday, May 1st, at 8 p.m. 
—1l. Discussion upon Mr. Manning's paper, “ On the Flow of Water 
off the Ground.” 2.“ On the Water-Supply of Paris.” By G. R. 
Burnell, M. Inst. C.E. 

INSTITUTION OF MECHANICAL EncingErs.— Meeting at Birmingham, 
at the Midland Institute, on Thursday, at four p.m. See page 277. 

Royat Unirep Service Ixstitution.— Whitehall Yard, Monday, 
at half-past eight, p.m., “* On Marine Engines,” by John Elder, Esq. 
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THE PROFESSION. 

Ir is pleasant to see men who, with the weight of 
fourscore years upon them, are still youthful in spirit, 
and whose memory of what passed sixty years ago is 
still clear. Such a man was Lord Palmerston, and, to 
come to our own profession, such was the late Mr. C. 
Wye Williams. At the ripe age of eighty-five he was 
still fresh in the knowledge of science, especially of that 
branch which he had almost made his own. He would 
argue, not only in his conversation, but in his writings, 
with a tactical skill, and with a plentitude of illustration, 
which, if things unlike could be compared with each 
other, were almost worthy of the great Prime Minister 
himself. There is, too, Mr. Dodds, who at one time 
regularly paid George Stephenson his weekly wages, 
and who is still as fresh in his recollection of the 
engineers of two generations ago as younger men are 
in their memory of what happened only a few years 
since. Mr. Dyer, too, of Manchester, stands as erect 
under the weight of eighty-six years as do many men 
at sixty, and he has an inexhaustible store of personal 
history and anecdote relating to all the older and lead- 
ing mechanicians of Lancashire. He, several years the 
senior of Mr. Fairbairn, knew him as a journeyman in 
Dublin as long ago as 1815, the year of Waterloo, and 
before engineers of middle age were born. 

Those who can comprehend what it is to remember 
the England of fifty, sixty, and even seventy years ago, 
can possibly realise to something like its full extent the 
wonders which engineering me roductive industry of 
all kinds have wrought over this Saal. Although there 
were engineers then, and skilful engineers, few men 
were accustomed to hear of such a thing as the engi- 
neering profession. Telford had not then made a posi- 
tion for it, yet there was strong John Rennie inces- 
santly at work ; and, to go but a little back, there were 
Smeaton and Watt. 

But it is within thirty years that in the practice of 
“the art of directing the great sources of power in 
nature for the use and convenience of man ”—the art 
which constitutes the profession of the civil engineer 
(and here we include all who are not military engineers) 
—that this and other countries have experienced that 
great accession to their productive and commercial 
power which distinguishes the present age from any 
former period in the history of man. Not merely has 
the population of Great Britain increased, but the pro- 
ductive power of each individual, on the average, has 
been more than quadrupled. We cannot, with the ut- 
moststretch of the imagination, realise the state of things 
which would exist if the whole present population of the 
United Kingdom were to be thrown upon the resources 
and appliances which sufficed thirty or forty years ago. 
It would require every grown-up man in England, 
driving a team of horses, to take the place of railway 
goods carriage alone. It would require every grown-up 
man in England to man the sailing ships, it of the old 
form and tonnage, and sailing upon the old routes, 
Which would carry our present commerce over the 

lobe. It would require five times our present popu- 

ation, if working even as they worked forty years ago, 

to turn out what we now produce by machinery, em- 
ploying hardly more than one-tenth of our numbers. 

_Engineering is the only one of the professions which 

Except it be the 

wyers, no body of men can ever grow rich by going 


directly adds to the wealth of man. 


la 


to law ; and none by taking physic can become better 
than nature made them, and certainly not richer than 
they were before. The main end of engineering, how- 
ever, is increased production by lessened labour ; and 
this is but another mode of saying that the practice of 
engineering is the creation of wealth. Is it any wonder 
that the profession is steadily rising to a position of 
great public influence, or that engineers can already 
exercise a liberality and munificence which were once 
among the distinguishing characteristics of bankers and 
eg merchants, not to say princes and noblemen ? 
ne cannot but be struck with the frequent subscrip- 
tions, {for public or professional purposes, to which 
engineers and contractors for engineering works—never 
overlooked in such appeals—respondso nobly. It was 
not very many months ago when Mr. Bramwell made 
a beginning for a benevolent fund in connexion with 
the Institution of Civil Engineers. In a few days 
16,0002. were subscribed, and the fund now amounts to 
nearly one-half as much more. Last year, as the result 
of a meeting at Marlborough House, and at which his 
Royal Highness the Prince of Wales presided, it was 
decided to carry out a cherished plan of the late Prince 
Consort, by providing a great Central Hall of Arts and 
Sciences on the South Kensington estate. The esti- 
mated cost is 200,000/., and of this, with a subscription 
of 2000/. by her Majesty the Queen, nearly or quite 
one-half has been promised. Here, too, numbers of 
our leading engineers and contractors have their names 
down for amounts ranging from a few hundreds to a 
thousand pounds. <A short time since a spirited move- 
ment was made on behalf of middle-class education in 
the city of London, and nearly 100,000/. were sub- 
scribed. Here again the engineers and engineering 
contractors have come forward with handsome dona- 
tions, in several cases of 1000/. each. Still later came 
the proposal for a new house for the Institution of 
Civil Engineers, and our columns have already recorded 
the readiness and princely liberality with which this 
proposal has been met, four of the leading members of 
the profession having each at once promised 2000/. 
Those, as we have already said, whose years and 
whose memory go back to the days when England was 
at war with France and with the American States (we 
are not speaking of 1776-83, but of 1812-15), when rail- 
ways, and steam vessels, and telegraphs, and mac- 
adamised roads, and block-paving were practically or 
wholly unknown, when our forefathers residing in 
towns went without gas, and had to content themselves 
with bad water, when a hundred branches of now-pros- 
perous industry then remained to be dacovered. and 
developed, when the: Institutions of engineers were 
not, and when engine and machine makers, with the 
exception of Boulton and Watt, and Murray of Leeds, 
were known as millwrights—those, we say, who can re- 
member these days, om who can live them over again 
in all the detail of life and of human affairs, must 
carry in their minds such a grand moving picture of 
progress as few of us younger men can distinctly 
comprehend at all. The change must be as one 
wrought by enchantment. Few have the strength of 
imagination to conceive a corresponding progress in 
the future. In what could it consist ? hat means 
of increasing our wealth and our political and com- 
mercial power can we picture to the mind to compare 
with those which have already wrought such changes ? 
But to conclude that we are approaching closely to 
the limits of possible progress, would, of course, be 
as illogical now as it would have been fifty years ago. 
To indlonte the precise character of our future pro- 
gress would be impossible; at any rate the attempt 
would be of doubtful advantage, unless it were sup- 
ported by corresponding reasoning ; but we may as- 
sure ourselves that within the next fifty years improve- 
ments will be consummated, which will then cause the 
very few of us who may survive to that time to con- 
trast with astonishment the attainments of 1866 and of 
1916. The command of man over uature was never 
studied with such aids nor by so many minds as now, 
and never was the encouragement to pursue this study 
so great. And as nearly all the results of this study 
are embraced by engineering, we may conclude that 
the position of our profession will be improved also ; 
there will be many more engineers, and infinitely more 
for them to do, and in numbers, in influence, and in 
wealth ours will assuredly excel all other professions. 
But the time is at hand when a new direction must 
be given to engineering. In the present artificial and 
cultivated state of society, with a thousand new in- 
fluences operating upon national taste, there is already 
a demand for artistic engineering—for works which 
shall adorn as well as endure. Even the more success- 
ful engineers become men of fine taste. They not only 
acquire the means whereby they may surround them- 











selves with the beautiful, but their life-long training in 
the observation of form, and in discrimination between 
what is true and false in constructive art, gives them 
close and critical perceptions for what is true and 
beautiful in poetry, and painting, and architecture, and 
in all the higher arts of embellishment. If evidence of 
this were wanting, let those, who may, look at West 
Shandon, at The Cedars, at Banstead Park, and at 
many of the other homes of our leading engineers. And 
nearly all engineers are self-made men, and they always 
have been so. This may possibly account for a little 
hardness or rather for the severely practical traits of 
their character. But they can, or, at any rate, the most 
of them can, admire the beautiful in art, and even in 
nature, much as their works may often deface nature. 
There are many among them who, self-made and self- 
taught as they are, and dealing with nature in its most 
stubborn forms, in rock, in earth, in iron, with fire, 
and water, and steam, and gunpowder, are neverthe- 
less as nice in their tastes, not merely in respect of 
gentlemanly and social intercourse, but m their houses, 
their furniture, their pictures, their plate, their books, 
their equipages, and all with which men care to sur- 
round themselves for comfort and for pleasure, as nice, 
aye, and as critical as if they had been born to the 
world’s best goods, and had enjoyed their use all 
their lives. Such men cannot fail to see when public 
taste has reached a pitch where it not merely sanctions 
but commands the introduction of art, even at a “on 
niary sacrifice, into works of utility. It will not 
always be the mere creation of material wealth by 
engineering and other productive works which engi- 
neers will need to pik ; but they will have every 
suggestion to a higher order of construction, combin- 
ing beauty of form and elevated artistic treatment, not 
clashing with, but in conjunction with, the severest re- 
quirements of forces, and compatible even with a 
proper regard for economy. 








THE NON-RECOIL GUN. 

In Mr. Lynall Thomas’s book upon rifled ordnance 
he devoted considerable space to the consideration of 
the action of fired gunpowder. The suggestiveness of 
his illustrations led Mr. Harding, of the Hydraulic 
‘Tube Drawing Company, to consider a new mode of 
applying the force of explosives in ordnance. Many 
have ignited a quantity of loose powder upon a table 
with little result other than the production of much 
flame and smoke. But a sheet of loose paper laid over 
the powder makes a wonderful difference, and the table 
will be blown through as if the powder had been con- 
fined in a box, of which the table formed one side. It 
occurred to Mr. Harding to fire the powder in a tube 


5 : 
two wads, with a short in- 


open at both ends, mene 
tervening air eee, ehind the powder, the projectile 
The result was 


being placed closely in front of it. 
wonlésieh unless, indeed, there be nothing to wonder 
at in the projection of the ball with the same force as 
if it were fired from a gun having a closed breech. As 
an experiment, this had been tried before ; but we be- 
lieve that Mr. Harding had no knowledge of the fact. 
Twenty-five years ago Mr. Parkes, in a paper read at 
the Institution of Civil Engineers, related how Mr. 
Greener, of Newcastle-on-Tyne, had made the same 
experiment, and burst a gun barrel ,°; in. thick at the 
first fire. It is a little strange that no one inferred 
anything from this experiment. The force that could 
burst a gun barrel must be more than sufficient to 
propel a ball, and it was for gunmakers to control and 
direct such a force. 

Mr. Harding, from his connexion with the works 
for drawing steel tubes, in the cold state, by hydraulic 
pressure, was able to produce gun barrels of any re- 
quired strength. He can draw tubes 6 in. in diameter 
and #in. thick, and machinery can be made, if required, 
to draw tubes and jackets for the heaviest ordnance. 
One tube, also, can be drawn over another; and 
although there must be a “joint” between them, the 
compound tube may be cut open in any direction 
without the joint being visible under the strongest 
glass. Air space or no air space, there is a limit to 
the explosive force of gunpowder, and, for that matter, 
of gun cotton, and within moderate calibres, tubes can 
certainly be made to withstand this foree. Mr. Hard- 
ing has prepared a number of tubes of different dia- 
meters of bore, from the Enfield barrel up to 3 in., 
and has fired them with various charges and projectiles, 
and in every case with only two felt wads and an air 
space behind the charge, the breech being open the 
same as the muzzle, with the exception only of a slight 
obstruction which steadies the rear wad in its place. 
He has fired hundreds of charges, and he has found 
that the force given to the shot is at least equal to 









































































































ENGINEERING. 


[APRIL 27, 1866. 








what it is with a gun having a breech, and he has 
found, moreover, that the pion, Se no recoil whatever. 
The felt wads are blown out at the rear, and are 
shattered into loose tufts of wool, and a little flame 
and smoke escape also behind ; but the whole discharge 
in that direction is slight, and is conducted up or down 
a flue as a matter of convenience. Mr. Harding, after 
his earlier experiments, applied to Mr. Lynall 
Thomas, and both gentlemen are associated in 
the patent. Gun cotton is preferred to powder 
in consequence of its greater quickness of explo- 
sion, and the charges employed are one-third 
the weight of the ball. Mr. Harding has made 
many experiments recently at his residence at 
Chiswick, and one of these we witnessed. One of 
his guns was a drawn tube of Messrs. Firth and Sons’ 
steel, of 14 in. bore, and yin. thick around the air 
space and the charge, the thickness being gradually 
reduced towards the muzzle. The length of the gun 
was about 3 ft., and its whole weight less than 
30 lb. Mr. Harding has, however, fired it a consider- 
able number of rounds—about fifty, we believe. The 
charge was 24 oz. of gun cotton with a zinc ball weigh- 
ing 740z. Lead is too soft to withstand the action of 
gun cotton, the ball being deformed before it leaves 
the gun. We have one before us, the shape of which 
it would be impossible to describe. The zinc balls 
have been fired through and through 9 in. balks of oak, 
and the comparative penetration has been found to be 
as l3in. for 9in. by the same weight of gunpowder 
fired in a gun with a closed breech. 

On the occasion when we were present, the gun, 
which had already withstood a cmudiivahie number of 
rounds with 240z. charges of gun cotton, was burst 
into eight or nine pieces. It must be remembered that 
the charge is excessive when compared with the weight 
of the gun, and it is perhaps remarkable that the latter 
was not burst before. The pieces of the gun were 
much bulged near the vent, showing great toughness 
of the steel, and showing also the great force exerted 
against a short column of air. The result was in no 
way calculated, however, to discourage the prosecution 
of complete trials, and we believe head has been 
already ascertained to demonstrate the great value of 
the principle. 

At present the strain upon the breech is one of the 
greatest which large guns have to bear. Comparing 
guns firing round shot, and with a fixed proportion of 
weight of powder or cotton to the ball, the strain upon 
the breech is as the cube of the diameter of bore, 
being practically the same as that upon the shot, which 
is, of course, as the cube of its diameter for a given 
initial velocity. This strain upon the breech causes a 
great longitudinal strain upon the gun, and is thus one 
of the principal sources of failure in the case of large 
guns. Mn the new gun there is no breech, and, therefore, 
no strain acting in the direction of the length of the 
gun. It may, therefore, be made much lighter for a 
given strength. In ordinary guns weight is requisite 
also as a preventive of excessive recoil. But in the 
tube, open at both ends, there is no recoil whatever, 
The gun may be balanced upon a balk of timber, and 
be fired without moving. The new principle has not 
yet been applied to guns of great size ; but should it be 
successful, any one can at once see its value as applied 
to great naval guns. They would, in the first place, be 
of much less weight than ordinary guns throwing the 
same shot; they would be loaded only at the breech, 
and they would require neither running in nor running 
out. 

The principle whereby the charge expends its force 
upon all of considerable weight instead of upon a 
short column of air, offering apparently but little resist- 
ance, is one which will engage much attention on the 
part of philosophers. It will be seen, however, that 
the moment the ball begins to move, its resistance 
diminishes ; while from the instant when the column of 
air begins to be compressed, its resistance increases. 
But, however regarded, the result is paradoxical ; yet it 
has been established, by repeated trials, as a fact, and 
it is a fact which must, we think, exercise a great 
influence upon the gunnery of the future. 


Tur Winows or Navat Enorvrers.—In the House of 
Commons on Friday last, Mr. Ferrand asked the Secretary to 
the Admiralty why the widows of engineers in the Royal Navy 
were not entitled to pensions equally with the widows of as- 
sistant-surgeons, considering that the engineers do not enter the 
service as boys, and receive an education like officers of the same 
rank, including second-masters and assistant-paymasters. Lord 
Clarence Payet said that the proposal on the subject, which had 
been made to the Admiralty on behalf of those widows, was 
under consideration. He must, however, guard himself against 
being supposed to give any pledge that their petition would be 
granted. The naval engineers must not expect much. 








WATER SUPPLY. 


Noruine is more essential to the health and well- 
being of a community than an abundant supply of wt 
water, and yet there are at the present time numbers 
of cities and large towns both in this country and on 
the Continent where such a supply is wanting. The 
inadequacy of the present water service of the metro- 
polis is well known, and so is the scarcity of water at 
Liverpool and many other large manufacturing towns ; 
and besides these, there are many smaller places at 
which the supply is either insufficient in quantity or is 
of bad quality. On the Continent, Paris is short of 
water, and so are Vienna and Florence, whilst at 
Leipsic and several other places extensive works are 
now being carried out. 

The improvements which have been made in this 
country within the last few years in the drainage of 
towns, and in our sanitary arrangements, have had an 
important influence upon the question of water supply. 
In the first place, they have rendered a larger supply 
of water necessary; and in the second place, they 
have made, or are making, unavailable many sources 
from which water was formerly drawn. Hitherto 
a great number of our towns have depended 
for their supply of water upon the rivers in 
their immediate neighbourhood; but these are now, 
in very many cases, so polluted by the influx of sewage 
and of the refuse from manufactories along their banks, 
that their water cannot be used for household purposes 
with any degree of safety. Such, for instance, is the 
case with the Thames, the condition of which we have 
described in another part of the present number. The 
Thames receives more or less directly the drainage of 
fifty-six towns situated within its basin, above the 
pumping stations of the Chelsea and other Metropo- 
itan water companies at Hampton ; and the more per- 
fect the sewage arrangements of these towns are made, 
the more will the water of the Thames be polluted. An 
analysis, made in February last, of the water supplied 
from the Thames by the London water companies, 
showed that the solid matters contained in it amounted 
to 31.14 parts in 100,000; the organic and volatile 
impurities forming, in one case, as much as 2.0, and in 
another, 2.59 parts. Of the inorganic matters, 21 parts 
were carbonate of lime or its equivalent. The quality of 
the water is improved by a drought, heavy rains increas- 
ing the amount of the impurities. The quantity of water 
in the Thames certainly has not increased during the last 
few years; on the contrary, there seems to be good 
evidence that it has decreased. In 1852, when several 
water-works acts were passed, the minimum quantity 
of water flowing past Hampton in the course of one 
day was estimated at 362,000,000 gallons; it has been 
stated by the engineer to the conservators of the 
Thames that in 1864 the least daily quantity which 
erg over Teddington Weir was 380,000,000 gallons ; 
ut careful observations made at Hampton in Sep- 
tember last year showed that the daily quantity flowing 
down the river rarely exceeded 300,000,000 gallons. 
By the terms of their respective acts, the total maximum 
daily quantity which those of the London water com- 
panies which draw their supply from the Thames are 
permitted to abstract from that river is 100,000,000 
gallons, and of this quantity they are now probably 
taking from 50,000,000 to 69,000,000 gallons. Some 
of the companies draw a further supply from other 
sources, such as the rivers Lea and Ravensbourne, the 
New River, and deep wells in the neighbourhood of 
the metropolis; and altogether the London water com- 
panies are estimated to have supplied last vear a gross 
daily quantity of about 108,500,000 gallons. This 
supply was distributed to about 470,000 houses through 
mains and branches extending to a total length of 3290 
miles. 

At the present time the population of London and its 
suburbs within the area of a circle struck from Charing 
Cross with a radius of 15 miles is nearly 3,500,000 
souls, and to this number the water supply, which we 
have just mentioned, would give an average quantity 
of about 30 gallons per individual. This average 
amount, however, will not enable us to form an opinion 
as to the adequacy or inadequacy of the supply, as the 
water is very unequally distributed, and in some of the 
poorer parts of the — the quantity furnished 
is fearfully insufficient. In the course of a letter from 
Dr. Horace Jeaffreson (the late medical resident officer 
of the Fever Hospital), published in the Zimes on the 
3rd of January last, that gentleman states that some 
courts, containing eight two-roomed houses and sixty- 
four inhabitants, are supplied merely by a }-in. pipe pro- 
jecting a few inches within the walls of the court, the 
water being turned on for about twenty minutes only in 
the course of the day. In other instances twenty persons 





were found to be supplied from a single butt holding 
80 gallons, and having the water flowing into it for 
from ten minutes to half an hour per day ; and other 
similar or even worse cases could be quoted. On 
Sunday, when no water is obtained from the mains, the 
small stock in the districts to which we have alluded is 
soon exhausted, and a further supply has to be begged 
by the inhabitants as best they can. 

It is but fair, however, to state that the insufficient 
supply of water to the poorer parts of the metropolis 
can scarcely be charged to the water companies. It is 
in a great measure due to the parsimony of the pro- 
prietors of house property, who do not furnish suffi- 
cient storage accommodation. The fact of there being 
an insufficient supply, however, teaches one thing, and 
that is that inany estimate which we may form of the 
quantity of water which will be required in future 
years, we must, in addition to allowing for the increase 
of population, allow for a greater quantity of water 
per head than is at present furnished. Glasgow 
furnishes a good example of the manner in which im- 
provements in sanitary arrangements cause an in- 
creased demand for water. In that town the quantity 
of water used in 1838 amounted to 26 gallons per head 
of the whole population per diem; in 1845 it had risen 
to 30 gallons per day, and in 1852 to 35 gallons per 
head on the north side and 38 gallons per head 
on the south side of the Clyde. The present 
supply amounts to 45 gallons per head, of which 
3$ gallons per head are sold by meter for 
trade purposes, leaving 414 gallons per head for 
household use. We have stated that the present 
population of the metropolitan district amounts to 
nearly 3,500,000, a number twice as great as it was 
forty years ago. The census returns show that the 
annual increase is at the rate of about 2 per cent., and 
we may, therefore, assume that by the end of the pre- 
sent century between 5,000,000 and 6,000,000 people 
will have to be supplied with water by the London 
companies. At 40 gallons per head per diem, from 
200,000,000 to 240,000,000 gallons of water daily 
would thus be required, and it seems quite certain that 
the excess of this quantity over that now supplied could 
not be permitted to be drawn from the Thames, even if 
the purity of that stream rendered it advisable to do 
so, and other sources of supply must, therefore, be 
sought out. 

We have hitherto confined our remarks to the 
London water supply and to the state of the Thames ; 
it must not be considered, however, that the latter is 
the only river the condition of which requires attention. 
The Severn furnishes another prominent instance, as 
the evidence given last year in committee on the Chel- 
tenham Waterworks Bill proves. The Severn has 
eight tributaries above ‘Tewkesbury, and each of these 
has six or seven smaller streams falling into it. The 
Severn is thus made to receive the drainage from a 
number of towns containing altogether nearly 1,000,000 
inhabitants, and in the opinion of some of the witnesses 
before the committee we have mentioned, its water is in 
the neighbourhood of Worcester quite unfit for drink- 
ing purposes. Many other rivers might be mentioned 
which are in a similar state, but our space will not 
permit us to do more than allude to them. The obser- 
vations made by Dr. Stevenson Macadam on the con- 
tamination of the Leith water by the sewage of that 
town and of Edinburgh, furnish us with some instruc- 
tive information. This investigation proved that the 
amount of oxygen contained in the water was materially 
diminished by the admixture of sewage. About 29 per 
cent. of the total quantity of gases held in solution by 
good water is oxygen, and water taken from the 
springs which supply Edinburgh, and that drawn from 
the sources of the Leith water, formed no exception to 
this rule. After the Leith water had mixed with the 
sewage, however, it was found that in some parts of 
the stream the quantity of oxygen had diminished to 
10.20, and in others to as little as 4.1 per cent. of the 
total amount of the gases. ; 

The influence which the purity or impurity of water 
exerts upon the health of the people using It was 
strikingly shown during the visits of the cholera to the 
metropolis in 1848-9 and 1853-4. In the latter years 
the Lambeth Company oe pi from the higher parts 
of the ‘Thames, a supplied water equal in quality to 
any furnished at that time by the other companies. 
The Southwark and Vauxhall Company, on the other 
hand, drew their supply from lower down the river, 
and the water then furnished by them has been stated 
to be “perhaps the filthiest stuff ever drunk by a 
“ civilised community.” The Lambeth Company sup- 
plied 24,854 houses, containing about 166,906 people, 
and amongst these the deaths from cholera amounted 
to 611, or were at the rate of 0.87 per cent. of 
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the population. The Southwark and Vauxhall Company 
supplied 39,726 houses, containing about 268,171 
inhabitants, of whom 3476 died from cholera, the death 
rate being in this case 1.3 per cent., or about three 
and a half times as high as in the district supplied with 
purer water. ‘That the difference in the mortality in 
the two districts we have mentioned was mainly due 
to the difference in the quality of the water supplied to 
them is curiously coniaboranea by observations made 
in 1848-9. At that date the water furnished by the 
Lambeth Company was worse than that supplied by the 
Southwark and Vauxhall Company, and the propor- 
tionate death rates in the former was then greater than 
in the latter district. Owing to the increase of the 
population and extension of the drainage, the water 
supplied by the Southwark and Vauxhall Company in 
1853-4 was worse than that pumped up by the same 
company in 1848-9, and this detecioestion in thé 
quality was accompanied by a higher mortality, 
the death rate in 1853-4 being about 10 per cent. 
higher than in 1848-9. The presence of organic 
matter in water is far more injurious than that of in- 
organic impurities; indeed a certain quantity of the 
latter appears to be essential. 

Although, from what we have stated, it will be seen 
that the water of those rivers which pass through popu- 
lous districts is generally unfit for drinking purposes, 
yet it must not be supposed that, taking this country 
as a whole, there is likely to be any serious deficiency 
in our water supply. In many parts of the country, 
artesian and other wells will furnish an abundant sup- 
ply of pure water. Thus, at Croydon, two wells sunk in 
the upper chalk have each supplied 1,000,000 gallons 
er i and Brighton draws a daily supply of 
1,080,000 gallons from wells sunk in it. The South 
Essex Company also pump 161,000 gallons daily from 
the large chalk pits at Grays, and we believe that 
2,000,000 gallons may be drawn from the same source. 
In other parts of the country, as in Wales and in the 
lake district, the rainfall is out of all proportion to the 
population to be supplied, and this has led engineers to 
consider the possibility of supplying some of our prin- 
cipal towns from these tracts. We have already de- 
scribed in this journal* the schemes proposed by Mr. 
John F. Bateman, and by Mr. Thomas Dale, the engi- 
necr of the Hull Corporation Waterworks, the former 
for supplying London with water led from the moun- 
tain ranges of Cader Idris and Plynlimmon in 
Wales, and the latter for furnishing some of the 
principal manufacturing towns ef Lancashire and 
Yorkshire with a supply of water drawn from the 
lake districts of Cumberland and Westmoreland. 
Both are grand schemes, and both deserve the 
most careful consideration. It is estimated by Mr. 
Bateman that the works necessary for a supply to the 
metropolis of 130,000,000 gallons daily from the 
Welsh hills could be constructed for an outlay of 
8,600,000/., and the supply might be increased to 
220,000,000 gallons daily by an extra expenditure of 
1,100,000/7. Mr. Dale, on the other hand, estimates 
the cost of carrying out his scheme at 11,960,000/., 
this outlay covering the cost of works for a supply of 
131,000,000 gallons of water daily, divided between 
nineteen different towns. The sums which we have 
just mentioned are no doubt large ones, but it is evi- 
dent that without the expenditure of such large sums, 
and the execution of grand works, it will be impos- 
sible to carry out the present and more particularly 
the future water supply of our metropolitan and manu- 
facturing districts in anything like a satisfactory 
manner, 








CENTRIFUGAL PUMPS. 
_ Tuose who are “ bewildered with the claims of rival 
inventors” of centrifugal pumps will be led still fur- 
ther from the truth by an satidie in the last number of 
The Engineer. We need not say that the two well- 
known types of centrifugal pumps, the Gwynne and 
the Appold, represent rival commercial interests of 
considerable magnitude, nor that a good deal of trade 
jealousy has been manifested in bringing them respec- 
tively before the public. For this reason, the whole 
subject of centrifugal pumps is one upon which an 
engmeering journal, if it would maintain its self-respect 
aud the respect of its readers, must speak only with 
strict regard to facts and with perfect impartiality. No 
one can read the article, however, to which we refer 
Without understanding that it is the Appold pump 
Which “has been brought to the verge of perfection,” 
that it has the “correct form,” and that one eminent 
firm, who are duly mentioned, are the largest. makers 





* ENGINEERING, January 12th, page 24; January 19th, 
page 42; and February 19tb, page 83. 





of “the true Appold pump.” The article occupies 
nearly a page, and has engraved illustrations of no less 
than six centrifugal fans and pumps, yet it nowhere 
recognises that the merit of every form of pump is re- 
presented solely by the proportion of useful work done 
to the power expended in driving it, nor is any men- 
tion made of the duty obtained by “the correct form” 
of pump. So far then, and with the rival makers ad- 
vertising largely and with pointed reference to each 
other in its advertisement pages, The Engineer lends 
itself to mere puffing, and its present ipse dizit is di- 
rectly opposed to its statements of June and December, 
1862. Not merely does it do this, but its illustrations 
are incorrect, and its historical review of centrifugal 
pumps is untrue in many respects. The direction of 
revolution of the Appold pump is represented by an) 
arrow pointing the wrong way, and in the Gwynne 
pump the arrows show the water entering at one side 
and leaving at. the other, none escaping at the peri- 
phery ! 

Those who desire a full and discriminating history 
of centrifugal pumps down to 1851 will find it in the 
September number of the Practical Mechanics’ Journal 
for that year. The article is of considerable length, it 
is profusely illustrated, and it brings to the subject an 
amount of learning and. judgment not always, unhap- 
pily, to be met with in writings upon the “ claims of 
rival inventors.” The first coutriiagal pump on re- 
cord appears to be that of Le Dumour, in 1732. This 
was an inclined tube open at both ends, and revolved 
around a vertical axis. The lower end was placed in the 
water to be lifted, and, by the force of revolution this 
was carried upwards and outwards, and, if the speed 
was sufficient, it was discharged at the upper end of 
the tube. Somewhat later an inverted Barker’s mill 
was proposed, but the first distinct approach to the pre- 
sent form of centrifugal pump was made in Massachu- 
setts,U.S., in 1818. This pumpreceivedthe waterequally 
on both sides at the centre, and discharged it at the 
periphery, the case gradually enlarging as the water 
approached the delivery pipe. There were four straight 
vanes, not placed radially, but. parallel with the radius, 
and they were properly narrowed towards their tips. 
The vanes were not, however, enclosed within a re- 
volving case, but revolved nearly in contact with the 
sides of the fixed case. In 1831, the first dise cen- 
trifugal pump was produced by one Blake, of Con- 
necticut, United States. In 1839, Andrews, of New 
York, brought out a pump much like that known as 
the Massachusetts pump, But with a difference in the 
form of the outer case. In 1846, Andrews patented 
a pump, which had a revolving disc on each side of 
the vanes, as in Lloyd’s fan, and which had vanes of 
the curve shown in the illustration. 





We may add that our engraving has been prepared 
from a model, now before us, made twenty years ago, 
by Mr. Andrews himself, and which, with its date, 
1846, cast upon its outer case, is an exact counterpart 
of his original model in the United States Patent Office 
at Washington. Mr. Andrews’s pump was in regular 


[bought the ‘patent, and ‘shortly afterwatds introduced 
it into England. In 1848 Mr. Lloyd took out his fan 
patent, and in the same year Mr. Appold began the 
manufacture of almost the’ same kind of fans, to | be 
ha pom to the raising of water. Mr. Appold’ did not, 
and could not, justly take a patent, and the manufac- 
turers of his , several years afterwirds, advertised 
regularly in the Zimes (vide ENGINEERING, page 128 
of the present volume) that the so-called Appold pump 
was pot patentable. But, fifteén years ago, there were 
but few who believed in centrifugal, pumps, and there 
can be no‘doubt that Mr. Appold was among the first 
to demonstrate their practicability in England, which 
he did at the Exhibition of 1851.’ The ‘success of the 
pump which he then exhibited may have possibly given 
a direction to the labours of others; but, so far’as'the 
Gwynne — is concerned, it is of American origin, 
and the double wary J disc, the curved vanes, the 
double and balanced inlets, one at each side, and the 
scroll outer casing, are all details which Mr. Gwynne 
had ready at his hand, as they had already been em- 
ployed in the States, and, so far as they’were embodied 
in Andrews’s patent, Mr. Gwynne had become possessed 
of them by purchase. 


Mr. John Gwynne took out an English patent in 
1851. In this patent (vide specilication, pages 5 and 
20) he especially distinguished the admission of water 
to each side of the pump ; but although he had acquired 
Andrews’s interest, he did not repatent all that had 
been done before him. The admission of water on 
both sides of the centrifugal pump, as practised in the 
Massachusetts pump of 1818, and in later inventions, 
was not Andrews’s, nor was it Gwynne’s, but all were 
free to use it, and Mr. Lloyd and Mr. Appold had 
already done so. Andrews’s pump revolved upon a 
vertical spindle, and discharged its water horizontally 
outward, so that, for moderate lifts, it did not need 
the inlet upon both sides, which double inlet is always 
seen in the present class of centrifugal pumps faved - 
ing upon a horizontal spindle. In 1854, Mr. J. E. A. 
Gwynne patented the present improved form of the 
Gwynne pump, which has been so long before the 
public, and which has probably been more largely in- 
troduced than all other centrifugal pumps taken collec- 
tively. It is the pump whic dia so well in the 
Exhibition of 1862, and which is now supplied to most 
of the dockyards at home and abroad. There are many 
experiments which, although they bear out the merits 
of the Gwynne pump, we do not care to repeat here, 
and some of them were conducted by ourselves ; but we 
prefer to give an article which we had in type some 
weeks since, and which will throw light upon the 
extraordinary essay which appeared in the last number 
of The Engineer. 

“Major Pasley, R.E., has lately made a report to 
Major Clarke, Director of Works: in the Civil Branch 
of the Admiralty, upon the comparative merits of 
Messrs. Gwynne and Co.’s and Messrs. Haston, Amos 
and Sons’ centrifugal pumps, employed in draining the 

reat basins of the Chatham me mat extension, these 

asins being in course of excavation within the general 
limits of what was formerly St. Mary’s Creek. Messrs, 
Easton’s pump is of the form proposed some years ago 
by the late Appold, its six vanes being curved 
with a sweep anche e that employed in generating an 
Ionic volute, and this form, applicable for low lifts, and 
at moderate velocities, is, we sad still retained by 
the makers for high lifts. ‘The unsatisfactory fountains 
(we believe some one has called them ‘ squirts’) which 
enliven eae gong were, not long since, supplied 
by an ‘oe pump in Orange-strect, drawing and 
forcing through a total height of, as we understood, 
nearly 70 ft. What may be the loss of power no one 
but the makers have the means of knowing. Messrs. 
Gwynne’s pump has six vanes also, but, for considerable 
lifts, these extend radially towards the periphery for 
about three-fourths of their whole length, thence curving 
gently backward, in a direction opposite to that of the 
revolution of the vanes, 


“ The lift at the dockyard extension works was from 
35 ft. to 50ft., and each maker undertook to raise 
1100 gallons of water 48 ft. high per minute, with a 
20-horse portable engine, the actual duty to be per- 
formed + mere, exactly 16 horse power, or 80 per 
cent. of the nominal power of the engine. It appears 
that Messrs. Eastons’ pump could not at first lift any 
water whatever to the height of 48 ft., and so the pump- 
disc was changed for one of a different form, and this 
has been finally changed for a third dise, with which 
the pump was tried, and finally “ passed” by Major 
Pasley. With the last new die: Messrs. Bastons’ 
pump raised 1170 gallons of water 49 ft. per minute, 
while Messrs. Gwynne’s raised 1033 gallons to a height 
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use in New York at, the time, .Mr, John Gwynne 


of 49 ft. 4in. But the revolutions of the pumps were 
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respectively 870 for Easton’s and only 312 for Gwynne’s, 
the ratio of the fly-wheel to pump-rigger being as 6 to 1 
for the former and but 4 to 1 for the latter; Easton’s 
engine made 145 revolutions, while Gwynne’s did its 
work at 78 only. 

“The following were the results on somewhat lower 
lifts : 


Gwynne. Easton. 
Heights of lift ... .. 35ft. 10in. 88 ft. 4 in. 
Gallons delivered ... ... 1488 1567 
Revolutions of pump .., 251 765 
Pressure of steam “ 54 Ib. 33 Ib. 
Coal consumed per hour 224 Ib. 249 lb. 
Gallons water do. do. 116 124 
Oil per hour, pints... 0.463 0.925 


“ Major Pasley observes: ‘ It will be seen from the 
‘above that the two engines and pumps are worked 
‘on different principles, Messrs. Easton, Amos and 
‘ Sons driving the pump with very great velocity, and 
‘expending in doing so a much larger quantity of 
‘fuel, water, and oil, and causing much greater wear 
‘and tear of the whole machinery at this high speed. 
‘Their pump certainly throws more water than 
* Gwynne’s, but it is believed that this advantage is 
‘ gained at a cost disproportionate to its value, and 
* that neither engine nor pump could be relied upon 
‘to sustain such a strain as is put upon them for any 
‘long time continuously. No alterations have been 
* made to Messrs. Gwynne and Co.’s pump or engine, 
‘and both continue to work extremely well, with 
* moderate expenditure of fuel, oil, and water, and with 
* much less strain and consequent wear and tear than 
* Messrs. Easton, Amos and Sons’ engine and pump.’ ” 

The results of the Chatham trials fully explain the 
point, upon which our contemporary observes as fol- 
lows : 

“* Messrs. Easton, Amos and Sons, the largest 
“ makers of the true Appold pump, have what they call 
“a ‘high lift? class, in which the fan is distorted from 
“its best proportions and increased in diameter, to 
“ nermit the number of revolutions to be reduced, but 
“ by what rule they deviate from the true form we are 
“ unable to say.” 

The fact is, that the “true Appold pump” will not 
raise water at all to high lifts at any practicable speed, 
and the makers have been compelled to adopt a form of 
vanes, and proportions much like those of the Gwynne 
pump. In his patent of 1862, Mr. Gwynne described 
pump vanes, for very high lifts, having their tips curved 
forward instead of backward, and for medium lifts the 
backward curvature is but slight. 

The true form of pump vanes has never been, nor do 
we think it ever will be, determined by mathematics. 
The rival makers have fixed upon their respective forms 
as the results of experience, and we shall add nothing 
to what we have said as to which form is best. We 
think it would be both useful and interesting were the 
different forms experimented upon with the aid of a 
dynamometer, the actual discharge being measured in 
a tank. But such experiments would be attended with 
difficulty and great expense, as the large pumps throw 
such an enormous volume of water that the only prac- 
ticable plan is to gauge it, as we have ourselves done, 
over a weir. But the working of the respective pumps 
on the great scale affords a good commercial indication 
of their value, and we should be only taking a side in 
the trade rivalry between two large firms if we pro- 
nounced any opmion as to which had carried the centri- 
fugal pump to the “ verge of perfection,” and we leave 
the expression of such opinions to such of owr contem- 
poraries as care to indulge in them. 


Tux CoALrietps,—On Friday evening last, in the House of 
Commons, Mr. Liddell asked the Secretary of State for the 
Home Department whether the attention of the Government had 
been directed to the rapid exhavstion of our coalfields ; whether 
they were in possession of accurate information upon the subject 
which they were prepared to lay upon the table of the House; 
and, if not, whether they were prepared to direct that further 
scientific research be made into this very important question. 
Sir G. Grey said, ‘‘ The attention of the Government, in common 
with most other persons, has been directed to the alleged rapid 
exhaustion of our coulfields, and the statements made by many 
= with regard to the probable time when they may be ex- 
wusted. But the Government is not in possession of any ac- 
curate information on the subject. I am not aware that any 
person is in possession of any informstion which may be called 
certain and accurate ; but the Geological Survey Department has 
furnished a good deal of information on the subject, and upon 
this information, I believe, some of the statements which have 
been made are founded. The Government do not see that any 
advantage would be derived from any other parties independent 
of the Geological Survey Department being intrusted with the 
inguiry.” 

‘ux Fire Trape.—The present lock-out of 3700 men in the 
Sheffield file trade is likely to continue, as the masters refuse to 
entertain the memorial of the file grinders for an increase of 
wages. File machinery appears anore than ever likely to be 


THE INDIAN TELEGRAPH DEPART- 
MENT. 

An advertisement has appeared at certain intervals 
in some of the daily and weekly papers, notifying that 
a competitive examination will be held in June next, of 
candidates for appointment as assistant superinten- 
dents of the fourth grade in the Telegraph Department 
in India. This will be the third annual examination held 
for the purpose of selecting properly qualified candidates 
for recruiting the upper class of the Indian Telegraph 
Department. The first examination was held in May 
1864, and from the printed particulars issued from the 
India Office in that year, it appears that the establish- 
ment of the Telegraph Department above the grade of 
signallers comprised 124 members, viz., 1 director- 
general ona salary of 300/. a month; 1 director of 
division at 100/. a month, increasing by annual 
additions of 10/. to a maximum of 150/.; 2 directors 
of division at 70/., increasing by 5/. a year to a 
maximum of 100/. a month; 1 superintendent of circle 
at 70/., 2 ditto at 60/., 4 ditto at 502. 5 ditto at 402., 
and 3 ditto at 35/. a month; 15 assistant superinten- 
dents at 30/., 20 inspectors of the first grade at 25/., 
30 inspectors of the second grade at 20/., and 40 in- 
spectors of the third grade at 15/. a month. 

According to the prospectus issued this year, the 
staff numbers 125, the additional appointment consist- 
ing of a scientific assistant to the director-general on a 
salary of 100/., rising to 150/. a month; the grades of 
inspector are also done away with, and in their place 
are a similar number of superintendents of the second, 
third, and fourth grades, drawing corresponding 
salaries to those of the former inspectors of the first, 
second, and third grades respectively. But from the 
Indian papers we learn that the department is about to 
undergo a complete reorganisation. The grade of 
directors is to be abolished ; there will be four first-class 
superintendents rising from 105/. to 150/. per month, 
by 7é. 10s. a year; six second class on 80/., rising to 
100/. by 5/. annually; nine third-class on 60/., rising 
to 75/. by 3/. annually; and eighty-eight assistant- 
superintendents, in four grades, on salaries from 20/. to 
45/. a month, their promotion to be by length of good 
service irrespective of vacancies. The travelling 
allowances will be as in the Public Works Department, 
and there will be a central office of accounts. The 
pay of the signallers is to be somewhat better, and in 
addition they are to have a uniform, better quarters, 
and the privilege of commissariat rations. 

The following is an outline of the rules for admission 
to the forthcoming examination, which we print here 
for the information of those of our young readers who 
may aspire to obtain one of the appomtments offered for 
competition : 

Candidates must be native British subjects, and 
between the ages of eighteen and twenty-four. They 
must either have passed not less than two years in the 
sérvice of one of the English telegraph companies or 
of a foreign telegraphic administration, or not less than 
two years as articled pupils of, or in practice under, a 
telegraphic engineer, or not less than two years in a 
school or college recognised by the Secretary of State 
for India as possessing an efficient class for instruction 
in chemistry and physics, and during six months of 
that period must have given special attention to those 
subjects. 

Certificates on these points must be delivered at the 
India Office between the Ist and 26th days of May 
next. If forwarded by post, they should be addressed 
to the Under Secretary of State for India, India 
Office, Westminster; but if personally, they must be 
delivered at the Public Works Department in the 
India Office. Those candidates whose certificates are 
satisfactory will be directed to appear for medical ex- 
amination on Saturday, the 2nd of June, between the 
hours of one and three p.m. ; and if passed by the Indian 
medical board, they will be required to attend at the 
India Office at nine a.m. on the succeeding Monday 
and following days, to undergo a competitive ex- 
amination, 

The subjects for examination comprise arithmetic, 
book-keeping, mensuration, first three books of Euclid, 
algebra, including simple and quadratic equations, 
geography, plane trigonometry, use of the logarithmic 
and trigonometrical tables, dynamics, including statics, 
elements of physics, including electricity and elements 
of chemistry, theory of electricity, and telegraphic 
testing. 

The total number of marks assigned for these 
subjects is 9000, and no candidate will be passed who 
shall not obtain 2000 marks, of which not less than 
1000 must be awarded for dynamics and physies. Of the 
candidates who obtain the prescribed minimum number 


will be appointed. The successful candidates must, 
within a month of their nomination, sign covenants 
and embark for India when required to do so by the 
Secretary of State, who will provide for the expenses 
of their passage. Any nominee not embarking when 
required will forfeit his appointment. 

On previous occasions the examinations have been 
conducted by Professor Thomson of the Glasgow Uni- 
versity, and we have little doubt that the same gentle- 
man will be requested to undertake the examination 
this year. 

The papers given in 1864 and 1865 do not appear 
to have been published, and we have consequent ee 
unable to procure copies of them; it is to be hoped, 
however, that this year some honourable member of the 
House of Commons will move for a return of papers 
connected with these examinations, similar to those 
which have for some years past been annually presented 
relative to the competitive examinations of candidates 
for engineer appointments in the Public Works De. 
partment in India, in order that, should it be deter- 
mined to hold similar examinations in future years, in- 
tending candidates may be enabled beforehand to ascer- 
tain more accurately the nature of the examination 
they will be called upon to undergo. 








AMERICAN MONITORS AND ENGLISH 
BROADSIDES. 
To tne Epitor or ENGINEERING. 

Si1r,—I am glad to find that you have begun the dis- 
cussion of the comparative powers of mutual destruc- 
tion possessed by monitor and broadside ships of war, 
whereby public attention will be directed to the inquiry 
whether it is not absolutely necessary to introduce 
monitors into our navy, if we would avoid the penalty 
of being driven from the sea in the next naval war. 
As I gather from the tenor of your remarks that you 
expect to receive communications upon each side of 
this important subject, or, in other words, from those 
who approve of the introduction of monitors into our 
navy, and from those who disapprove it, it will, I think, 
be best, as saving both time and space if I postpone my 
reply upon the whole subject until every one else has 
been heard. Your remarks on the difficulties and dis- 
abilities of large guns, as at present constructed in this 
country, I fully concur in, and these points were set 
forth in my paper read before the Institution of Naval 
Architects, where also the remedies are suggested ; but 
this portion of my paper was not printed in the abstract 
of it that you gave. { will only add that, in comparing 
monitor and broadside vessels together, there must be 
some starting-point, and we must compare together 
vessels either of equal cost or equal tonnage or dis- 
jlacement. There can be no comparison unless there 
be some standard, and the standard must either be one 
of cost or of size.—I am, &c., 


April 25, 1866. Joun Bourne. 








RUTHVEN’S HYDRAULIC PROPELLER. 
To THe Eprror or ENGINEERING. 

Sim,—In reply to Messrs. Gwynne and Co.’s letter in your 
Number of 20th instant, I would draw attention to the patent 
taken out by Mr. Ruthven in 1839, where the plan for the out- 
let of the water by four waterways is the same as now used in 
the Nautilus. As that patent bas expired, the use of four water- 
ways is open to the public, neither Mr. Ruthven nor Mr. Gwynne 
having any exclusive right to use them. _ 

I am, Sir, your obedient Servant, 
WiuiaM Parrirt. 

8, Woburn-place, Russell-square, London, W.C. 

26th February, 1866. : 
[The difference between Messrs. Gwynne’s and Mr. Ruthven’s 
arrangements appears to be this: According to Messrs. Gwynne 's 
plan the jets are openings formed in the sides of the vessel near 
the head and stern, whereas Mr. Ruthven uses branched jets 
laced near the centre of the length of the vessel, and projecting 
eyond the side.—Ep. E.] 








Tue Tames As A Fisninc SrreAM.—Great doubt has 
been expressed as to the possibility of making the Thames a fit 
habitat for the finny tribe. It would seem that they are anxious 
to return to its waters, and to brave the noise and turmoil of its 
banks. Whether they were erratic demented wanderers or sen- 
sible fish cannot be stated confidently, but this much may be 
said positively, from ocular evidence of the fact, that during 
the current week bream, roach, and dace have been seen in the 
waters of St. Katharine’s Dock, and specimens of each have 
been actually taken and preserved by the dockmaster. The last 
salmon caught in the Thames fetched 15d. per pound. a 
be hoped that the salmon fishing will be resumed soon, and tha 
the take may justify prices much more in favour of the buyer. 
This is but Tittle likely, it is to be feared, unless the sewage IS 
carried much further down than Crossness-polut or Barking- 
creek.— Times. . 
“The Aauaest0 TreLecraru.—the Telegraph Construction 
and Maintenance Company expect to start the Great — 
upon her second attempt to lay the Atlantic cable about th 








introduced upon a large scale. 


of marks, the twenty-five who stand highest on the list 


first of July. The company are coutractors only for the work. 
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WATER-CRANE ON ‘TH 




















SCALE Ao 


WE give in the accompanying engravings an external elevation 
and section of a very neat form of tank and double water-crane, 
as used on the Northern Railway of France. ‘The lower part of 
the tank, for a height of about 12 ft. 5} in., is of cast iron, and is 
3 ft. 12 in. in diameter inside, It is formed in two lengths, bolted 
together by means of flanges, and the lower length is farnished 
at its foot with a base plate 5 ft. 5in. in diameter, 2 in. thick, 
and strengthened by feathers, and upon this the whole rests. 
The metal of the cast-iron cylinders is rather more than 3 in. 
thigk for the greater part of their height, and they are strength- 
ened by ribs or belts 4 in. wide and 1} in. thick, placed as shown 
in the section. The upper length of the cast iron part of the 
— 18 furnished at the top with a wide flange or table, 5 ft. 
$f in. in diameter, and 14 in. thick; this is strengthened by 
feathers underneath, and to it the upper part of the tank is con- 
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nected. The upper part of the tank is of wrought iron, and its 
diameter inside is 5 ft. 1in. at the top, and 5 ft. 5in. at the 
bottom. Its height is about 16 ft. 6 in., making the total height 
of the tank, exciusive of the cover, nearly 29 ft. This upper 

art is composed of five rings of plates, the plates of the three 
font rings being .098 in. thick, those of the two upper rin 
.078 in. thick; the plates are united by lap joints. e whole is 
surmounted by a conical cover, and is surrounded by a wooden 
casing, as shown in the engravings. The casing is composed of 
wooden strips Zin. thick, and its diameter outside is 5 ft. 7} in. 
at the top, and 5 ft. 11£in. at the bottom. 

The two branch pipes by which the water is led to the engines 
are connected with the lower or cast-iron portion of the tank on 
opposite sides; their position will be seen from the figures. The 
diameter of these pipes inside is 47 in., and the thickness of the 





metal is y%in.; they each project about 4 ft. 6 in. from the tank, 
and their ends, to which leather hose are attached, are slightly 
curved downwards, Each Pipe is supported by a cast-iron 
bracket placed under it. The inner ends of the branch pipes 
project into the tank, and are bevelled off to an angle of about 
40° with the horizontal. Upon the inclined faces of each pipe 
thus formed is placed a flap valve, hinged to the top of the pipe, 
and made heavy to ensure its closing. These valves are connected 
by light rods with the inner ends of a pair of levers, having equal 
arms 13 in. long, and supported by cross-bars fixed at the top of 
the tank. The outer arms of these levers project beyond the 
sides of the tank, and are connected by rods with the horizontal 
arms of a pair of bell cranks fixed ww the lower part of the tank, 
one above each branch pipe. ‘The vertical arm of each of these 
bell-cranks is coupled to a rod running along the top of the 
corresponding branch pipe, and furnished at its outer end with a 
screw and hand-wheel. The whole arrangement of rods and 
levers for opening and shutting the valves is clearly shown in 
the figures; it possesses the great advantage of requiring no 
stuffing-boxes, and is very simple and easily accessible. The 
water 1s led into the tankthrough a pipe 7 in. in diameter inside, 
entering the centre of the base-plate. 

In order to prevent the water in the tank from freezing in the 
winter time, a small stove or furnace is formed within it at the 
bottom, as shown in theengravings. The flue from this furnace 
consists of a cast-iron pibe 4#in. in diameter inside, and 3 in. 
thick. This pipe, which is inade in four lengths, is led u 
through the centre of the tank, the top, which passes through 
the cover of the tank, being surmounted by a cowl. ‘The whole 
arrangement of this tank and water-crane appears to be an ex- 
cellent one, and it forms a good example of French railway 
practice. Our illustrations were prepared from one of the 
excellent plates of MM. Perdonnet and Flachat’s new work, the 
“Nouveau Portefeuille de I’'Ingénieur des Chemins de Fer,” of 
which we gave a notice in our last number. 








COMPRESSERS FOR HEAVY GUNS. 
To tne Epiror or ENGINEERING. 

Srr,—In your journal for April 20th inst. (p. 259), 
I remark a fe article discussing the relative claims 
of Mr. Ericsson and of Commander Scott, as to which 
was the first inventor of the method of retarding recoil 
in heavy guns, by what is now called “the compresser,” 
a friction brake applied to the slide with gripping 
screws, 

Will you allow me on my own part to assert my own 
claim to be the inventor, at least to have anticipated 
both these gentlemen ? 

If you will turn to the December part of The 
Practical Mechanics’ Journal for 1861, and January 
part 1862, you will find described and figured m 
compressers, identical in principle and method wit 
those referred to above. 

The form shown in Fig. 7 (Dec. 1861) is in detail 
very superior to either Scott’s or Ericsson’s arrange- 
ments, 

My designs, as you will see by the article referred 
to, were “ before the authorities ” in December 1856, 
before monitors were in fashion. It is quite wonder- 
ful how many inventions, this amongst the rest, viewed 
at the presentation by “ the authorities ” as “ rejected 
addresses,” reappear after a longer or shorter time 
under their patronage, but with new fathers and as 
* quite the right thing.” Sir, truly yours, 

Ropert Maret. 








Tue InstituTIon or MecuanicaL ENnGInEERS.— 
The next general meeting of the Institution of 
Mechanical Engineers will be held in the Lecture 
Theatre of the Midland Institute, Paradise-street, Bir- 
mingham, on Thursday next, at four p.m. The fol- 
lowing papers will be read and discussed at the meet- 
ing: “On the Corrosion of Locomotive Boilers, and 
the Means of Prevention,” by Mr. William Kirtley, 
of Derby ; “ Description of an Improved Construction 
of Lock and Key,” by Mr. J. B. Fenby, of Birming- 
ham, communicated through Mr. Walter May. The 
ballot will take place at the meeting for the election of 
new members. The following seventeen new members 
are proposed and seconded: William Baines, London 
Works, Soho, Birmingham; Clement Barnard, Manager, 
Staffordshire Wheel and Axle Works, Birmingham ; 
Restel R. Bevis, Birkenhead Ironworks, Birkenhead ; 
Andrew Betts Brown, Vauxhall Ironworks, London ; 
Charles Cleworth, Assistant Locomotive Superin- 
tendent, East India Railway, Jumalpore, a. 
William Daniel, Engineer, St. John’s Hill, Shrewsbury ; 
Walter Fiddes, Engineer, Bristol United Gas Company, 
Bristol; Charles Douglas Fox, 8 New-street, Spring- 
gardens, London; George Haden Hickman, Groveland 
Ironworks, Dudley Port, Tipton; Charles Hodgson, 
Derrylea Peat Works, near Portarlington; ‘Thomas 
Holeroft, Bilston Foundry, Bilston; John C. A. 
Houghton, Woodside Ironworks, near Dudley ; Joseph 
Foster Lloyd, Darlaston-green Iron and Steel Works, 
near Wednesbury; Richard Norfolk, Beverley lron 
and Waggon Works, Beverley; John Hartley Perks, 
Shrubbery Ironworks, Wolverhampton; Alexander 
Scholtze, Engineer and Boilermaker, Warsaw; 





Frederick Turner, St. Peter’s Ironworks, Ipswich. 
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THE SEVEN-INCH PALLISER GUN. 
To tov Epiror or ENGingeRine. 

S1er,—I observe in your journal of the 13th a paragraph on 
the performance of the 7-in. Palliser gun, which states that the 
gun fired 904 rounds. Any one reading that statement would 
naturally infer that the charge used ne was 22 lb. of 
powder and 115 |b. shot, and also that the of the gun was 
uninjared after firing the above number of roands with this 
charge; but, on inqairy, I think you will find that it conveys 
an erroneous impression, and that some important facts have 
been omitted, which materially affect tue results. These are, 
that to accomplish the 905 rounds the gun destroyed two lining 
tubes, and as the cost of each lining tube is perhaps two or three 
times that of the cast-iron casing, anl as, moreover, the lining 
tube could not very well be replaced except by returning the | 
gun to the workshop, it amounts to pretty much the same as | 
employing two guns. 

he first tube fired 800 rounds, viz., 20 rounds with 12 Ib., 
40 with 20 lb., and 740 with 161b. charges and 100 lb. shot. 
After the 750th round it was discovered to be split, and the 
firing was continued for another 50 rounds, when it was considered 
dangerous, and discontinued. The gun was then retubed, and 

e in fact a new gun; it then fired 105 rounds and burst, the 
breech and the breach end of the tube being blownoff. This 
result is somewhat different from that given in the account 
alluded to, and converts what appears by that account to be a 
tolerable into a ative failure. | 

As I was the first to bring this plan of strengthening guns 
(viz., by boring out the gun, turning and fitting a wrought-iron 
or steel tube into it by pressure to a suitable initial strain) 
before the Government in a practical form, whieh I did nearly 





TABLE OF ENDURANCE OF 





six years ago, and two years and a half before Major Palliser, 
and have since proved the enormous powers of endurance it 

ssesses when properly applied, I must confess I feel somewhat 
impatient at being compelled to stand aside and see another 
bring my invention into discredit by inefficiently carrying it 


| out, and to find that, after his large experience with guns altered at 


the expense of the Government, not one has been produced 
equal to the very first I made. This wasa 30-pounder, placed 


| at my disposal by the Emperor of the French, which when altered 


into a 100-pounder rifle weighed about 64ewt. After firing 


| 510 rounds with a charge of 8.8 lb. and 70 Ib. shot, being about 
| the ordinary service charge of 
Ley. pape double the weight of its 
| with a charge of 164 lb. and 100 Ib. rifle shot, or about double the 
| service charge of powder and three times, the weight of the round 


wder for that sized gun, and a 
spherical shot, and 500 rounds 


shot, it was perfectly uninjured. The Palliser gun above re- 
ferred to fired 750 rounds, mainly with, the. ordinary service 
charge, and a projectile one-third heavier than the spherical 
shot, and was disabled. Having been’ retubéd, it fired but 105 
rounds with a charge of powder only one-third more than the 
service charge, and a projectile about. two-thirds heavier than 
the round shot, and burst. This comparison shows at once the 
decided superiority of my pe of carrying out the system, for 
my 3-ton gun did, not only ‘comparatively but actually, more 
work than the Palliser gan'of § tons, and was then as and 
serviceable as ever, while the Palliser gun was disabled. It 
also bears favourable comparison with the best wrought-iron 
guns, as well as with other descriptions of strengthened cast-iron 
guns, as the following table Gf the endurance of some of the 
best guns, selected from a'number of others far inferior, will 
show: ; 


GUNS. 








































































































d | Highest ser- 
of FA vice charge 
Fo ie per ton 
. 5° 2° weight of 
DESCRIPTION OF Charge. Endurance. os 143 gun. ee 
Guy. ones Ay nee se |.» Tri « 
j - @ eo 
Net aN som M 2 ee ier 
* S cr} «2 7] a8 a e 
3 Stel ate le sSis3/ 3 
S {=| 5} 2 [see 86 | 222 85/83) 2 12 
o = fe ® |ARS/ RAS | RRS | RARER] & 
ins. | tons.| Ib. Ib. Ib. Ib. Ib, Ib. Ib Ib. 
Armstrong, 600-pr...,... 13.3 | 23.0 /100 [600 4 400 2,400 - “ 4.35 | 26.10 
70 = |600 50 3,500 | 30,000 
54 3,900 | 32,400 170 | 1,409 Burst at 54th round. 
Armstrong, 150-pr......./ 10.5 | 12.0 | 50 150 10 500 1,500 4.17 | 12.50 
70 =«—|150 1 70 150 
80 150 1 80 150 
90 150 1 90 150 Burst at 264th round. Was 
40 150 251 | 10,040 | 37,650 ode { subsequently relined, and 
— — cracked again. 
264 | 10,780 | 39,600 | 898 | 3,300 
>, oor e Tey Inner tube split at 380th 
Fraser ZUM ...,..c00cesee 9.0 | 39.9 | Particulars! 499 | 17,920 | 80,640 | 1,493 | 6,720] + as round, Gun burst at 400th 
not | given. i Mneassos (| Anatase round. 
Woolwich gun, No. 200} 7.0 7.45) 25 110 58 1,450 6,380 3.35 | 14.76 After 540 rounds, the bore 
25 1100 67 1,675 6,700 ‘\i-‘p) was enlarged, indented, and 
20 110 54 1,080 5,940 considerably scored by 
20 100 236 4,720 | 23,600 escape of gas, the bottom of 
12 110 13 156 1,320 the tube was perforated 1} 
12 100 68 816 6,800 in. deep; it had fissures 
20 44 34 680 1,496 around the vent, and a longi- 
12 44 44 528 1,936 tudinal split in the powder 
° ln chamber; and the gun is 
574 11,105 | 54,172 | 1,491 | 7,271 .. directed in fature to be fired 
under precautions. 
Parrott, 200-pr. ... 8.0 7.35} 16 150 599 | 9,584 | 89,850 | 1,304 | 12,224) 2.18 | 20.41 | Burst at 599th round. 
Parrott, 300-pr. ... 10.0 | 11.6 } 25 250 398 9,950 | 99,500 | 858 | 8.578) 2.15 | 21.55 } Burst at 398th round. 
Palliser, 100-pr. ...,..... 7.0 62) 12 |100 20 240 2,000 
20 «=|100 40 800 4,000 
16 =«—«{100 690 | 11,040 | 69,000 3.08 | 19,23 
750 | 12,080 | 75,000 | 2,323 | 14,423 vl. ¢ At —_ round, inner tube 
16/100 50} 800] 5.000 por 
800 | 12,880 | 80,000 | 2.477 | 15,385... si {at 800th round considered 
Palliser, 100-pr. ...... ? |——— | —_—_— , Gangerous to fire. 
(the preceding gun >| 7.0 5.2 | 27.5 |115 2) 55 230 
relined). 5 22.0 |115 103 | 2266 | 11,845 4.23 | 22.14 
—-—| —_— 
105 | 2,821 | 12,075 | 446 | 2,322 . | Burst at 105th round. 
— a VP 
Parsons, 100-pr, c.cccoeee] 6,5 32] 882] 6943) 510) 4,498 | 35,409 \ 
16.53 |100,22} 500 | 8265 | 50,110 5.17 | 31,82 
1,010 | 12,763 | 85,519 | 3,988 | 26,725 . | Uninjured. 
26.5 {132.3 il 291) 1,455 Charge, 4 ft. long, extended 
——|—_—_ beyond reinforce. Burst in 
1,021 | 13,054 | 86,974 | 4,079 | 27,179 chase; breech and reinforce 
 intaet. . 











This table is instructive; it shows that in the Parrott guns 
the service weight of projectile per ton weight of gun is heavier 
than in the wrought-iron Woolwich guns, being 20 Jb. to 21 Ib. 
in the Parrott’s and but 14.76 lb. in the Woolwich; bat the 
charge of powder in the latter exceeds that of the Parrott’s, being 
3.35 lb. against 2.15 to 2.18]b. The total powder burnt also 

r ton weight of gun is rather more ‘n the wrought-iron guns, 
but the total metal thrown is considerably less than in the 
200-pounder Parrott, and a little less than in the 300-pounder. 
One of the Palliser guns beats the Woolwich gun in service 
weight of projectile, total powder burnt, and totaf metal thrown 
per ton weight of gun, but is below it in service charge. The 
other Palliser gun, although above the Woolwich gun in service 
charge and weight of projectile, from its early failure is far 
below it in total powder burnt and metal thrown per ton weight 
of . This shows that while the Palliser gun exhibits a tole- 
rable amount of endurance with moderate charges, it utterly 
fails when subjected to contiauous firing with heavy charges. 
The Parsons gun exceeds all, both in service charge and weight 
of projectile, total powder burnt and metal thrown per ton 


weight of gun; and although less than half the weight of the 








uantity of powder burnt 


Woolwich gun, it beats it in actual 
liser guns, which exceed 


and metal thrown, as also both the Pal 
it in weight by two tons. 

These facts, I think, tell strongly in favour of cast-iron guns, 
and, I trust I shall not be considered egotistical in saying, parti- 
cularly when strengthened on my plan. Compared with the ton 
weight duty of the Woolwich gun, the service charge of the 
Parsons gun is nearly two-thirds more, the service weight of 
projectile more than double, the total powder burnt nearly three 
times, and the total metal thrown not far off four times, while 
after this performance it was uninjured, and the Woolwich gun 
was unserviceable; and the cost per ton of the Parsons gun, if 
new, would be less than one-half that of the wrought-iron one, 
and about one-third if applied to strengthen old cast-iron guns ; 
and yet, while the War De tment have been spending hun- 
dreds of thousands of pounds on experiments, they have for the 
last three years persistently rejected this invention, and continue 
to do so in face of these unanswerable facts. 

1 am, Sir, your obedient Servant, 
P. M, Parsons. 





April 20, 1866. 


LOW’S AIR COMPRESSER, 
To THe Eprror or ENGINEERING. 


S1r,—This machine, of which you gave a cut and description 
last week, is compact and in many respects well contrived. But 
it contains one serious defect, which I submit Mr. Low should 
amend. As the air is compressed by a column of water, it wil] 
follow that the water will absorb a good deal of air, which on 
the return stroke will again eseape from the water, and 
diminish the quantity of air whieh will*enter through the air 
valve by partly oceupying the vacant space. The faster the 
machine is driven, the more conspicuous will this action become 
from the inertia of the water through which the air has to pass 
and I would suggest that Mr. Low should introduce floating 
pistons on the top of his compressing columns. Even a thick- 
ness of oil floating on the top of the water would be an im- 
provement, as it would not absorb any material quantity of air, 

Yours respectfully, 


ae 








EXPANSIVE WORKING. 


To rue Eprror or ENGINEERING. 

Srr,—There are,so many things in your number containing my 
fast letter more or Jess confirmatory of my views on the subject of 
expansive working, and so little adduced in favour of the state- 
ments which I uriderstand you to have made, that I am tempted 
once more to ask the favour of your allowing me space to notice 
the points I refer to. With regard to the mode of working steam 
in American locomotives, I need hardly do more than call the 
attention of your readers to your own admission, viz. “that the 
“ working of the steam in American engines might be consider- 
“ably improved.” Of this there can certainly be no doubt 
whatever. Why.is it that where most power is required, the 
steam is most wastefully used? As, with ample cylinder room, 
the quantity of steam consumed at the time the large diagrams 
were taken would have given from two to three times the power, 
how can such waste be excusable? The conclusion which is 
deducible from the example you have given us is, that whatever 
may be done as regards expansive working in American engines, 
the present practice is certainly not economical. 

I will now pass’ on to your article on the trial of a traction 
engine lately made by Mr. Porter. Here the steam was cut off 
at little less than three-quarter stroke, and the full boiler power 
reached the piston at the beginning of the stroke. ‘The coal 
burned amounted to 6.63 lb. per indicated horse power, and the 
evaporation was 6 lb. of water per pound of coal. Even putting 
the loss by friction.at your own figure, this consumption of coal 
amounts to nearly, 8 lb. per dynametrical horse power. You, 
however, make various apologies for the engine as actually 
made, and rightly enough; but your assumption of what it 
would have done with a better proportioned boiler is really too 
liberal. The evaporation of 8 1b. of water per pound of fuel is 
only attainable by giving something like 14 to 15 square feet of 
total heating surface per dynametrical horse power. All my 
boilers do actually evaporate a little over 8 lb. of water per 
pound of fuel, but this would be quite impossible unless the 
quantity of water I required per dynametrical horse was very 
small, not exceeding 2} gallons per hour, a less quantity doing 
when the feed water is heated and added to by the exhaust 
steam. Thus, to get an evaporation of 8 lb., the boiler must, in 
order to develop the given power, have contained no less than 
from 450 to 480 square feet of total heating surface. Allowing, 
however, for every deficiency as you do, you state the con- 
sumption might have been, under totally different condi- 
tions, 4.98 Ib. per indicated horse power per hour. Now, 
sir, this reduced to dynametrical power, an:ounts to at least 
6lb.; and if we fix the friction at just a little more than 
you give it, we are brought again toa consumption just about 
double that necessary under proper conditions. But let it be re- 
membered this consumption of 4.98 lb. is purely hypothetical ; the 
actual consumption being, according to your own figures, 6.63 Ib. 
per indicated horse, equal, as I have said, to 8b. per dyna- 
metrical horse power—much more than double what it is in 
fully expansive engines. Thus, as regards the actual trial of 
the traction engine, as also of the American engines, I think all 
will admit that they waste from half to two-thirds the fuel they 
consume, I would now say a few words in reference to the 
article on ‘Expansive Working,” in which my views are 
attempted to be combated. I again thank you .for the space 
given to this subject, and after your kind reference to the page 
on which my letter appeared, cannot complain of small type. 
The diagram you give of the traction engine shows the steam 
cut off at about one-fourth, but there seems an unneces- 
sary reduction of pressure in the cylinder from the initial 

ressure—amounting to 211b., or nearly one-fifth; whereas, 
in the trial chee to in another part of your paper, and 
alluded to by me above, the steam reached the piston at 
full pressure. ‘There should, perhaps, be a difference of 5 1b. 
to 101b., but this is ample to enable the governor to act in 
case the work increases. You then state that you do not know 
** how often the engine works in the notch which this diagram 
“ gives,” and further that it is not important to know this. It 
seems to me that this is a most important point to determine. 
My own belief is that it very seldom works in such notch, per- 
haps not a tenth of the time the engine is in motion. If the 
engine always worked in it I should not be quite satisfied. but 
my objections to the present mode of construction would be 
somewhat lessened. You then state that “the moment when 
“it can be shown that a real commercial advantage accrues 
“ from working in this notch, makers of traction engines are 
“ ready to provide cylinders of a size which will permit of the 
“ same degree of expansion when doing full work.” Are they 
ready? I deny it; but, if so (ordinary single cylinders being 
used ), at what cost are they ready to do this? The commercial 
advantage has been shown already; nay more, the commercial 
advantage of providing cylinders of a size which will permit of a 
much greater degree of expansive working has been fally 
proved, at least in the case of my engines, if not in that of 
ordinary ones. By “commercial advantages,” I of course un- 
derstand you to mean the balance of gain by saving of 





fuel, compared with n inc first cost when large 
ordinary cylinders are used. tn other words, I understand you 
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to deny that any commercial advantage is gained by using a 
cylinder large enough to give off the full power required when 
the steam is cut off at one-fourth stroke, on account of the extra 
cost of such cylinder or rather engine. If so, you, of course, 
also deny that any commercial advantage results from cutting 
off at a fifth, or a sixth, or more. Now, that an advantage, as 
regards saving of fuel, results from an early cut-off is not only 
proved by my engines, but by all the — of the “ racers,” 
which, although working with only 50 1b. steam, cut off at about 
one-fifth of their stroke, at least, as nearly as can be measured 
from the diagrams I have seen. 

But you will say, ‘“ This may be so, but is it ‘commercially’ 
“ advantageous, when ‘racers’ cost so much more than ordinary 
“ engines, and only work to their nominal power?” Now, sir, 
this is a very delicate question, at least, to put to me, but I will 
answer it. Hardly anything, then, in my opinion, justifies or 
excuses a constant waste of fuel, whether it be cheapness of fuel 
or increased first cost of engine. Great irregularity of motion is 
an evil, but one to be overcome, in the way you state, by heavy fly- 
wheels; and so I fear, if there were no alternative, I should be 
obliged to pronounce in favour of great expansion, even in com- 
mon cylinders. But, sir, when it can be shown that engines 
may, and are made capable of giving all the advantages of great 
expansion, without increase of cost, what can justify, in ony one’s 
mind, constant waste of fuel ? 

“There is,” you say, ‘‘no reason whatever why traction 
** engines should not work regularly so as to cut off at one-third 
“ stroke; but there can be no disadvantage in having valve gear 
“which will, upon occasion, admit of working the steam for 
“nearly the whole stroke.” To this statement I say, first, that 
traction engines.are not now made todo this, that is, regularly, 
and of this very thing I complain ; but I say, secondly, that there 
is no reason whatever why traction engines should not work 
regularly so as to cut off at one-sixth, aud that then there can 
be no disadvantage in having valve gear which will, upon 
occasion, admit of working the steam expansively to three times 
only. I prefer going beyond these points, and with 120 Ib. 
steam in boiler expanding, say, nine times, cutting off in the 
annular space at one-third, and then expanding three times in the 
end of the cylinder, but the proportions of three and six times 
expansion would not give a bad result. 

Vith respect to the comparative advantages of expanding 
three and ten times, your calculations are not at all fair. You 
assume, first, that 30 to 40 lb. pressure is lost between the boiler 
and cylinder, or nearly one-third of the total; while in the 
engine tried the pressure reaching the cylinder was equal to that 
in the boiler. Next you assume the steam to be pure, while 
every one knows that, except superheating is adopted, it is 
impossible to get pure steam. Practically I find that ordinary 
steam is so far wet as to allow advantageously of an arange- 
ment for expansive working of once for every 10 lb. pres- 
sure instead of 15 1b., so that you may advantageously ex- 
pand five times with 50 Ib. steam, seven times with 70 Ib., 
and, I believe, 10 times for 100 lb. Of course this is the limit. 
The necessity of large cylinders is of course absolute, but in 
my engines the ‘initial blow” is not greater, the “sharp 
puff of the exhaust” is never wanted, the boiler power being 
ample; the “loss by condensation” is really nothing ; on the 
contrary, the large surface of the jacketted cylinder. actually 
evaporates any water mixed with the steam; and, finally, the 
steam ports being very short and never used as final exhaust 
ports, and the area upon which the steam first acts being small, 
the loss, both from clearances and ports, is reduced to a 
minimum. 

With regard to the other objections you note, viz. the “addi- 
“tional reciprocating weight in motion” and the “extra valve 
“ friction,” both are provided for. The total reciprocating weights 
in my engines, power for power, are much, Jess than in either 
ordinary single-cylinder expansive engines or ordinary double- 
— engines, the trunk piston being only very little heavier, 
the metal being very thin, and only having a thin-ribbed plate at 
each end, while the piston rod, connecting rod, crank, and guide 
blocks are all very considerably lighter than those required for 
either class of engines above referred to. The valve, although 
larger than in an ordinary non-expansive engine, is nevertheless 
entirely, or to any extent necessary, relieved of the steam pres- 
sure. I therefore most emphatically assert that the so-called 
facts which you bring forward, to whatever extent they are true 
with regard to ordinary expansive engines, whether with single 
or double cylinders, are not facts as regards my engines. If they 
be more or less true as regards ordinary expansive engines, then 
my case is fully made out in favour of my own arrangement, in 
which you fail to see any improvement. If not, then there re- 
mains no excuse for not making ordinary engines regularly to 
work expansively to a very much greater extent than they do, 
I will leave you and your readers to elect which alternative you 
and they please. My position is safe whichever is taken. 

One word on the present locomotive practice in England. 
During the last few days I have discussed this subject with the 
engineer acting under Mr. Ramsbottom, of the Crewe works. 
He states, first, that, from the consumption of their engines, there 
can be no doubt they are working much more cheaply than many 
other companies; but, secondly, that he is quite sure their pas- 
Senger engines, as a rule, do not cut off at less than a third, and 
in their goods engines at something more than half stroke. 
That actual experiment of the advantages of high expansion in 
locomotive engines would be far more satisfactory than any 
amount of “urging” of any other kind, there can be no doubt. 
Your remarks are, however, I fear, not calculated to aid in bring- 
ing about so desirable a settlement of tlie question. The very 
way you put the problem is objectionable. It is nota ‘highly 
“expansive engine” against “another fitted with variable ex- 
“pansive gear.” I have frequently stated that for locomotives 
and traction engines I propose always to retain the variable ex- 
pansion gear, the question being the particular degree of expan- 
Sion when working full power, and the limit to go to when little 
power is required. There seems to me no doubt whatever that 
Much remains to be done, and, considering the enormous con- 
sumption of coal in locomotive engines, it is not a little strange 
that so much difficulty should be found in inducing engineers to 
give plans for economising fuel a trial, especially such as, they 

0 not venture to deny, would probably lead to good results, if 


those suggesting them. I am happy to say that arrangements 
have just been completed for testing my engines, on a locomotive, 
by one of the largest locomotive builders in Belgium, and I 
shortly hope to have one or more completed in this country. § 
soon as any one of them is ready for trial, I shall have the 
greatest pleasure in affording you every opportunity of comparing 
the results obtained with 7 bes of engines now in nse, and 
working in the ordinary way. 
Epwarp E, ALLEN. 
Westminster, April. 18th, 1866. 








REPAIRING. SUBMARINE CABLES. 
Tne fittings of a telegraph-repairing steamer gene- 

rally consist, firstly, of a large sheave, varying from 
2 ft. to 3 ft. diameter, and from 8 in. to 12 in. broad, 
with deep flanges, and supported on two cantilevers of 
iron or wood, projecting over the bows of the ship. 
At the side of this sheave cast-iron cheeks are fixed 
to the cantilevers, to prevent any rope or cable pass- 
ing over the sheave from slipping out when its 
direction outboard forms an angle horizontally (7. e, 
on plan) with the line of the same rope inboard. This 
sheave is called the “bow sheave.” Sometimes 
three sheaves within the same cheeks or guides have 
been employed, but this is not advantageous, as the 
cable is liable to slip out of the centre sheave. This, 
in fact, was, according to Dr. Russell’s account, the cause 
of the final breaking of the Atlantic cable when being 
wound in. A piece of machinery, termed a “ picking- 
up machine,” is fixed in the fore part of the ship, and 
driven by a steam engine of ten, fifteen, or twenty-five 
horse power. This machine consists of a cast-iron 
drum, 6 ft. to 7 ft. diameter, and some 9 in. to 15 in. 
broad, with three deep flanges dividing its surface into 
two partitions, the one about one-fourth of the whole 
width for a brake strap, the other, the remaining 
three-fourths, to receive the three, four, or five turns 
of the cable or grapnel rope to be hauled in. ‘This 
drum is fixed on a shaft of 6 in. or 7 in. diameter, on 
which also a spur wheel is fixed, which is geared by a 
series of wheels, or wheels and strap, to the driving 
engine. Sometimes the main spur wheel is separate 
from the drum, in other cases it is bolted to the drum, 
and in other cases the teeth are on the internal surface 
of the drum. Sometimes the drum shaft is supported 
by bearings, both on the same side of the drum, so that 
the turns of cable round the drum can be taken off 
without having to pass the end or cut the cable. This 
is a great advantage. In some cases the drum is fitted 
with a ratchet and palls, which can be thrown in or out 
of gear at will; and sometimes these palls, instead of 
being fixed to the framework, are fixed to another loose 
wheel on the main shaft, which can be arrested by a 
brake strap. 
Any buoy or grapnel rope, chain or cable, to be 
hauled in from the sea is passed in at the bow sheave, 
and three or four turns taken round the picking-up 
drum, which is set in motion and winds in the cable or 
rope. To keep the cable tight on the drum, a deep- 
geores sheave (called the draw-off sheave), 2 ft. or 3 ft. 
iameter, is fixed just abaft the large drum. The cable 
coming off the drum passes into the groove of this 
sheave, and is made to Cite in it by means of a weighted 
jockey pulley” which presses on it. This sheave is 
connected to the picking-up machinery by a belt, and 
is made to revolve at such a rate that the cable is 
always kept tight on the drum. A piece of iron 
(sometimes cast, sometimes wrought), called the knife 
or plough, is fixed against the drum just above where 
the cable leads on to the drum, and keeps continually 
“ fleeting” the turns sideways on the drum, so that 
there is always a portion of the drum clear for the 
cable which is feeding on to it. This knife is generally 
made so that it can be adjusted. It is in either case 
hardened or faced with steel. ; 
Besides this machine, most repairing ships are fitted 
with a stern sheave and a break drum aft for paying 
out. Short lengths may be payed out slowly from the 
bow sheaves, however, and thus some repairing ships 
are not fitted with’an after break and stern slieave. 
When paying out from the bow where there is no tide, 
the cable, however, leads under the bottom of the ship, 
and therefore scrapes against the ship; any great 
length ‘paid out thus, at a high velocity, is injurious, 
therefore, both to the cable and the ship. 
Sometimes it is advantageous to. under-run,a_cable 
for a short distance. A V sheave of about three feet 
diameter, having cheeks of wrought iron to prevent 
the cable getting out, and supported by a heavy strap 
of iron about four inches square in section, with a large 
swivel, and having also a stock like an anchor to steady 
it, is lowered over the sides near the bows and secured 
by chains. The cable to be under-run is passed over 
this sheave, and the ship proceeds slowly along, thus 





Not capable of fully realising the hopes entertained of them by 


dropping it again into the sea. This process can only 
be employed in shoal water, and when the cable is not 
buried in the sand. ‘The sheave is termed “ the under- 
running sheave.” 

For grappling, short strong grapnels with four 
prongs, weighing from 30 lb. to 60 lb., are used. They 
naturally fall with two prongs on the ground. A piece 
of for 2 chain, 20 or 30 fathoms long, is shackled to 
the grapnel, and this again is shackled to a 4, 6, or 8 
inch rope, according to the work to be performed. 
About three to four times the depth of water is given to 
the length of rope in shoal water ; in 200 fathoms about 
twice or three times the depth would be sufficient. In 
the Atlantic it appears the cable was hooked with only 
about a fifth more than the depth. 

Buoys of two sorts are employed. Nun buoys are 
generally used for buoying anend. For this purpose 
they are moored by a mushroom anchor, the mushroom 
being connected by a chain to the telegraph cable. 
Thus the telegraph cable lies entirely on the ground, and 
is not buoyed up as many people imagine. The buoy is 


deep water. 

uoys with masts and flags, that can be seen at some 
distance, are used to mark the place where an end is 
buoyed by the nun buoys, or, in fact, to denote any 
particular locality that is required to be accurately 
marked, 








COMPETITIVE MARINE ENGINES. 


A return, moved for by Mr. Graves, has been 
printed, and gives the particulars of the competitive 
trips from Plymouth to Meadeire of the Arethusa, the 
Constance, and the Octavia, ships of like size and form, 
and engined respectively by Messrs. Penn, Messrs. 
Randolph, Elder, and Co., and Messrs. Maudslay. The 
results are interesting, and contrast remarkably with 
those attained on the trial trips. The three ships left 
Plymouth together at six p.m. on the 30th of Septem- 
ber last, and each made the best of its way to Funchal, 
about 1000 miles distant. The weather was un- 
favourable, and the Constance had to stop ten hours in 
consequence of the gale, although she was nevertheless 
the first ship in at Madeira. The results of the trips 
will be best given in tabular form. 


Arethusa. Constance. Octavia. 


Tonnage ose ose eee 8141 ... 3218... 3161 
Displacement ove eee 8598 ... 8669 .., 3747 
Nominal horse power ove 500 ... 6500 ... 500 
Maximum indicated do. eee 1882 ... 2822 .., 1889 
Average do. do. oes 1052... 1747 «... 1400 
Distance run, knots ven 1031 ... 1091 ... 1052 
Hours steaming soe * 186 «0. “194... 160 
Average knots per hour _.... Tea, £0 «a Th 
Greatest run in 24 hours... 256 .. 256 ... 226 
Quantity of coal taken, tons 260 ... 277 .. 800 

Do. Do. used, ,,.- 229 ... 242 277 


i § «. 

Do. per hour of steaming 1t.14cwt. 1.19 cwt. 1t.19}cwt. 
Coal per I. H. P. per hour, 1b. BSB) 2. BB wc. BAT 
Greatest number of revolutions 60} ... 53.9 ... 55} 


The results are not given in the return in the form 
which we have adopted, and we have got at the average 
consumption of coal by dividing the whole quantity 
consumed by the number of hours’ steaming, and by 
again dividing the quotient by the average horse power 
on the whole passage. 

The Arethusa was stopped as follows: “ 1st October, 
stopped 10 minutes ; cause, gudgeon end of after con- 
necting-rod heated. 6th October, engines re at 
7.15 a.M., only 31 tons of coal remaining.” The Con- 
stance was stopped as follows: “ 4th October, stopped 
10 hours; cause, heavy sea and head swell. 6th 
October, 8.50 a.m., eased engines, in consequence of a 
heavy head sea and westerly gale.” The Octavia was 
stopped as follows: “ 30th September, stopped for 10 
minutes; cause, — of boilers. 3rd October, 
stopped 2 hours 52 minutes; cause, heating of centre 
crank bearing, and to shift brasses. 4th October, 
stopped 5 hours 30 minutes ; cause, shifting brasses of 
centre crank-bearing. 6th October, engines stopped 
at 10.5 p.m, only 15 tons of coal remaining.” 

The coal was a mixture of two-thirds Welsh to one- 
third Newcastle, that ‘supplied to the Arethusa being 
pronounced “ fair,” that to the Constance “good,” and 
that to the Octavia “ inferior.” The three ships had 
been docked, the Arethusa only ten days before the 
commencement of the voyage, and the others about 
three-and-a-half months previously. 

The Constance beat the other ships in speed by 
exerting a greater engine power, and she shows a de- 
cided superiority in respect of economy of fuel. Her 
engines hid not make so many revolutions as those of 
the other ships, as her propeller was‘ of coarser pitch. 





raising each portion of cable in succession, and 


We append here the results attained on the trial 
trips oF the three vessels, as also their leading dimen- 


moored with chain in shoal ‘water, and with rope in 
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sions. See also our number of January 26th last, 
page 63 : 
Arethusa. Constance. Octavia. 


Tonnage «.. eco 8142 ... 8212 ... 3161 


Displacement eee ove 2801 ... 2781 ... 2921 
Immersed Section ... eee a. ae a oe 
Revolutions of Engines... 69} ... 58.08 ... 69.4 


Indicated power... ove 2871 ... 2020 ... 2265 
Speed in knots ee ee «12.695 ... 12.301 ... 12.252 
alue of midship formula... 379.1 ... 486.5 ... 4482 
Value of displacement do.... 141.6 ... 182.2 ... 165.9 
The Arethusa is 252 ft. 4in. long between perpen- 
diculars, and her extreme breadth is 52 ft. Sin. On 
her trial as above, she drew 17 ft. forward, and 21 ft. 
aft. Her engines, by Messrs. John Penn and Son, are 
of 500 horse power, nominal, and have two cylinders, 
each having an effective piston area, exclusive of trunk, 
equal to that of a cylinder 80in. in diameter. The 
stroke is 3 ft. 6in., and on the above trial the revolu- 
tions were 694 per minute, with steam of 25lb. The 
propeller is 13 ft. 02 in. in diameter, with a pitch of 
21 {t. Gin. The length of the propeller is 4 ft. 23 in. 

The Constance is 253 ft. 11 in. long, and 53 ft. over 
all. On her trial she drew 17 ft. 1 in. forward, and 
20 ft. 9 in. aft. Her engines, by Messrs. Randolph, 
Elder and Co., are of 500 nominal horse power. They 
are upon Woolf’s principle, with two Vrieh pressure 
cylinders of 60 in. diameter, and four low pressure 
cylinders of 78 in., each high pressure cylinder expand- 
ing its steam in two of the larger cylinders, whose 
united area is equal to that of one cylinder of 110 in. 
The engines are inclined athwartship, the cylinders 
being above the shaft—one high pressure cylinder 
between two low pressure cylinders, being placed on 
each side of the ship, which has a great rise of floor. 
The stroke is 3ft. 3in. The pressure of steam is 
324 lb., considerably above the pressure carried in other 
first-class ships. Of the total indicated power, 1199 
was from the high, and 821 from the low pressure 
cylinders. The propeller is 18 ft. in diameter with a 
25 ft. pitch, is 4 ft. 63 in. long, and made, on the above 
trial, 55.083 revolutions per minute. 

The Octavia is 252 ft. 5 in. long between perpen- 
diculars, and 52 ft. 10 in. wide over all. On her trial 
she drew 18 ft. forward and 20 ft. 10in. aft. Her 
engines, by Messrs. Maudslay, Sons, and Field, are of 
500 nominal horse power, and have three cylinders 
each 66 in, in diameter, with a stroke of 3 ft. 6in. The 
steam carried was 20lb. The screw is 18 ft. 2 in. in 
diameter, with a pitch of 20 ft. 3in., and a length of 
3 ft. 2in., and upon the above trial it made 69.4 revo- 
lutions per minute. 

The engines of the Arethusa, Constance, and Octavia 
have surface condensers. 


WOOD BEARINGS. 

Tue case of Penn v. Jack and others commenced on 
Monday morning, and is still in progress in Vice-Chan- 
cellor Page Wood’s court. The plaintiff is the eminent 
engineer of Greenwich, and the defendants are respec- 
tively Messrs. Jack and Rollo, engineers, of Liverpool, 
Messrs. Bibby, steamship owners, and Messrs. Fernie, 
also steamship owners of Liverpool. ‘The action is 
brought for an infringement of Mr. Penn’s patent of 
October 2, 1854, for the use of wood bearings for the 
screw shafts of steam vessels. The defendants deny 
the novelty of the invention as set forth in the patent, 
and they even deny the insufficiency of the specifica- 
tion, which, although short, is one of the clearest and 
most explicit we have ever read. We do not wish to 
go fully into a case not yet concluded, but we may say 
that direct evidence has been given of the use of wood 
bearings for the screw shaft of the steamer Livorno in 
1851, and Mr. Penn has been allowed to call witnesses, 
after his case had been closed, to prove that the bear- 
ings of the Livorno’s shaft were of cast iron only. 
However the case may be decided, there can be no 
doubt that the introduction of wood bearings has been 
one of the most decided improvements in connexion 
with the screw propeller. They are, as every marine 
engineer knows, almost indestructible, and the results 
set forth by Mr. Penn, in his paper read ten years ago 
to the Institution of Mechanical Engineers, were then 
considered most remarkable. The Himalaya was the 
first ship to which Mr. Penn fitted wood bearings, as it 
was the first also to which he fitted counter weights to 
the engines. The Himalaya had originally brass bear- 
ings, but these, from the weight of the screw, 11 tons, 
and from the absence of an outer screw bearing, gave 
much trouble. On applying wood bearings no further 
difficulty was met with, and no visible wear was to be 
found after 20,000 miles’ steaming. Should Mr. Penn 
maintain his case, a very large number of marine engine 
makers, who were, perhaps, unconscious of the exist- 
ence of his patent, will be liable for long-accrued 
royalties, at a rate of 2s, 6d. per nominal horse power. 








Tne Manrovussee.—The trial trip of the Viceroy of Egypt’s |, 


new steam yacht the Mahroussée, designed by Mr. 0. W. Lang, 
built by Mr. Samuda, and fitted with machinery by Messrs. 
John Penn and Son, took place on Wednesday, when the vessel 
attained a mean rate of speed over the Admiralty measured mile 
course in Stoke’s Bay of 18} knots, which places her ahead of 
all seagoing prt. Po in the world in point of speed, the mail 
steamships running between Holyhead and Dublin now holding 
second place, and her Majesty's paddle yacht Victoria and 
Albert the third. The keel of the Mahroussée was laid in 
January, 1865, and her general dimensions are as follows: 
Length between perpendiculars, 560 ft. ; length over all, 400 ft. ; 
beam, 42 ft.; depth, 29ft.; tonnage o.m., 3141. Her propel- 
ling power consists of a pair of Penn’s engines, of 800 horse 
power, nominal, with oscillating cylinders, the latter having a 
diameter of 100 in., and a stroke of piston of 8ft. Each cylin- 
der weighs, complete, 26 tons; and the intermediate axle 27 
tons. The stokeholes are forward and aft of the engine-room, 
with sixteen furnaces in each. The engines drive two feather- 
ing floatwheels of 28 ft. diameter at their axis, and 33 ft. out- 
side the boards. Messrs. Penn never turned out of their work- 


shops a more magnificent specimen of marine engineering than | 


the machinery of the Mahroussée. ‘The hull of the vessel, it is 
almost needless to say, is beautifully modelled, and has a very 
graceful as well as imposing appearance. Inboard, however, 
the vessel best displays her noble proportions in length, breadth, 
and height; her fittings aft at the same time being unparalleled 
in their splendour. Forward of the engines the arrangements 
are very complete for the accommodation of the officers and 


part of the ship, in the saloons and suites of apartments 
devoted to the use of the Viceroy, his ministers, and suite, is 
to be found the Oriental splendour which makes the Mahroussée 
in that respect the most magnificent vessel afloat, Entering 
from the upper deck, wide folding doors under a lofty poop-deck 
open into an ante-chamber glowing with gold and colours, and 
with a wide staircase having balustrades of electro-silver and 
silver gilt leading to the royal apartments below. First passing 
this staircase, however, other doors open intoa dining saloon, the 
panels of the walls each containing paintings of fruit and flowers 
on papier maché, the numerous windows draped with pale blue rich 
silk drapery, embroidered with a rich dowwiag pattern, the 
cushions covered with similar material,the columns supporting the 
roof of the cabin electroplate, and the thousand and one wax light 
shades which surround the saloon held in handsome silver gilt 
sconces, Massive electroplate chandeliers hang from the ceiling, 
and the richest carpets cover the floor. Underneath this bril- 
liant apartment is another of still greater splendour—the Vice- 
roy’s drawing-room with its adjacent ladies’ retiring room. It is 
impossible to describe the extraordinary magnificence of these 
apartments. Gobelin tapestry of the most costly character 
hang from the walls, on the latter being at every interval of 
panels exquisitely painted medallions. Tables of marvellous in- 
aid marbles, tables of gold, tables of wonderful work and grain 
in woods, gilded chairs, and rich damask-covered divans are 
scattered about over the floors wherever likely to be useful, and 
silver-gilt sconces and chandeliers hang around to throw a flood 
of light over the whole. The Viceroy’s bedchamber, which ad- 
joins the drawing-room, is one worthy in its proportions and de- 
corations so high a prince. In the centre, his Highness’s bed 
stands enveloped in mosquito curtains—a very temple of Momus. 
Pale slate-coloured draperies, chastely embroidered in coloured 
flowers, hang round the walls and windows; costly furniture 
stands in positions in the room where convenient, and all is ar- 
ranged with exquisite taste. The Viceroy’s bathroom adjoining 
contains a noble bath carved out of one block of marble. For- 
ward of the Viceroy’s sleeping apartment are the apartments 
of the Chief Minister and officers of state in attendance, all 
fitted without regard to cost. On the deck below the Viceroy’s 
drawing-room ahd sleeping-apartment is a saloon and cabin for 
the accommodation of the Viceregal suite, the metal fittings, 
chandeliers, light sconces, &c., being all of electro-plate. The 
ventilation throughout all these apartments is very efficiently 
provided for by a scheme of large air shafts, which surround 
them, and through which air is driven by a fan and small 
engine that has been fitted for the purpose. If the decorations 
of the ship are surprising, so also is her machinery, and it is 
with a feeling of relief that the eye can escape the glittering 
beauty of the Viceroy’s apartments and rest upon the grandeur 
of Mr. Penn’s machinery in the engine-room of the ship. The 
room itself is upwards of 20ft. in height, and never, perha 
before had any machinery a chance of being seen in work with 
equal advantage. The coal bunkers have a stowage capacity of 
950 tons. The ship made her runs over the Stokes’ Bay 
measured mile course, yesterday, drawing 15 ft. of water aft and 
15 ft. 2 in. of water forward. Her displacement at this draught 
was 3135 tons, and her midship section 500 square feet. Six 
runs were made over the mile, and the ship attained a mean 
speed of 18.534 knots=21} miles per hour, the steam pressure 
being 30 1b., the vacuum, mean, 27 in., and the average revolu- 
tions of the engines 26. ‘Ihe indicated horse power of the engines 
6400. Among the company on board were Captain Frederiga 
Bey, in command of the ship, Mr. John Penn, Mr. Penn, jun., 
and Mr. Matthews (of the firm of John Penn and Son); Mr. 
O. W. Lang, the designer of the ship; Mr. J. D’A. Samuda, 
M.P., the builder of the ship; Lord Richard Grosvenor, Mr. C. 
Leslie, M.P.; Mr. B. Whitworth, M.P. The Mahroussée will 
sail for Alexandria about Wednesday next.—Times. 

Tux Panama, New ZEALAND, AND AUSTRALIAN STEAMERS. 
— The four steamers for this new service, which will soon com- 
mence, will run 6500 miles each way without stopping, the 
contract rate being ten knots an hour the whole way, giving 
27 days. ‘The ships will steam eleven or twelve knots upon a 
consumption of 30 tons daily. 

Lance Biastr Furnaces.—The large furnace at Cwm Celyn, 
having 24 ft. boshes, and a capacity of 16,500 cubic feet, has 
not been blown in. The proprietors of the Cwm Celyn and 
Blaina works, Messrs. Levick and Simpson, have, however, put 
in blast at the first named place a furnace with 20 ft. boshes and 
60 ft. high. This is blown with a pillar of blast of from 3 lb. to 
4 1b., heated to 600°, and it turns out from 230 to 250 tons, long 
weight, per week. The men “ bot” out the iron, as froma 
cupola, every two or three hours, instead of casting into pigs 
morning and night. 





| 





Sreet Screw SHarts.—Many of the steel shafts in use in 
Jarge screw steamers have been found to give trouble by heating, 
owing to the bearings being too small. We have heard of con- 
siderable complaints, lately, at Southampton from this cause, 

Merropotis Gas Inquiry.—The committee for inquiring 
into the whole subject of the supply of gas to the metropolis sat 
for the first time on Wednesday. 

Sream SurpsurLpInG IN FRANcE.—The largest of the 
Transatlantic packet-doats built in France was launched on 
Thursday last at the Chantier de Penhouet, St. Nazaire. This 
vessel is named the St. Laurent, and having been originally 
intended for a paddlewheel steamer has been lengthened, to pro- 
vide space in the stern for a screw propeller. Her length is 
356 ft.; breadth, 43 ft. Gin.; depth, 30 ft. Sin. She is titted 
with a four-bladed screw propeller of 19 ft, diameter and 28 ft. 
pitch. The spar deck, which occupies her whole length, gives 
her an appearance of great height in the water, while it increases 
the internal accommodations. The latter are calculated for 300 
passengers. Since the establishment of the Transatlantic Com- 

ny’s agency at St. Nazaire, and of the shipbuilding yard of 

fr. John Scott nearly four years ago, the population of that 
town has increased from 8000 to 20,000 inhabitants. 

Rats ror America.—A contract for 11,000 tons of rails 
for one of the railways in Louisiana was offered last week in 
South Staffordshire. But for the almost prohibitive tariff upon 
importation, very large quantities of rails would now be imported 
into the United States. 

Tue New Facrory Act.—The Factory Inspectors report 


crew, the wardroom being exceedingly capacious. In the after | most favourably of the first year’s working of the Act of 1864, 


placing under the Factory Act regulations several manufactures 
which till then had been a law to themselves. Some master 
potters, indeed, are desirous that “ full time” should begin at an 
earlier age than the Act will allow; but, says Mr. Baker, I have 
seen so many masters recant their objections to the Factory 
Act system. Thereare some few who even in this trade, in 


| which art is everything, do not seem to appreciate thoroughly 


the value of an educated class of artisans.” Young hands may 
be scarce at pottery wages; coal and iron works compete more 
and more for them every year; but immigration is taking place 
to some extent, and machinery is likely to be adopted more 
rapidly than was anticipated. The old system, with its reckless 
expenditure of life and disregard of morals, will give place toa 
more extended and less costly method of production. There is 
already a visible improvement in workrooms. The Act has the effect 
of making more regularity necessary. Mr. Campbell, of the firm 
of Minton and Co., states that the quality of their ware has been 
improved ; they have less spoilt ware since the greater regularity 
of work has put a stop to hurried production. Masters find 
that the men come earlier and lose less time, and as much work 
is produced as before. Mr. Baker hopes that we are on the eve 
of great sanitary improvements in the potteries. The work- 
shops, in which 28,000 artisans are employed, have been white- 
washed and cleansed, which in some instances had not been done 
for 20 years; the means of ventilation have been greatly mul- 
tiplied, the hours of child labour have been diminished without 
diminishing production; 1600 children, most of them never at 
day school before, have been placed in good schools, where they 
sit side by side with children of the upper working classes and of 
tradesmen; and the effect is seen in the altered tone of conver- 
sation in the workshop, in greater tractability, more cleanliness, 
less precociousness, streets quieter at unseasonable hours, 
and homes with more of domestic enjoyment. Masters are 
stirred up to make improvements as the workers become more re- 
spectable. Stoves are being ventilated, and the heated chamber 
cut off from the workshop, and this with a great economy of fuel. 
So in the manufacture of lucifer matches, of which such sad 
disclosures were made, we are told of a firm who have the dip- 
ping of the matches, the most unhealthy part of the employ- 
ment, done by machinery. Here again some manufacturers com- 
lain of the limitation of the hours of work and the consequent 
indrance; but, as a sub-inspector says, “ there's a certain 

amount of work in a n, and when that’s out it’s all he can 
do;” and were it’ otherwise, children should not be subjected 
to an amount of labour which destroys their health and strength. 

Gas at SINGAPORE.—The Singapore Gas Company, with a 
capital rather under 50,0002, have already obtained an annual 
rental of above 8000/., and their sales of ‘‘ products, profit on 
fittings, and sundries,” return more than the cost of the coal 
carbonised. The company are dividing 7} per cent. dividends. 
The leakage is but 8 per cent. upon the production. The 
supply is to be extended, the Chinese and Hindoos having 
“ taken” to the new illuminating agent. h 

Our “ WEEKLY List.”—The Journal of the Patent Commis- 
sioners will in future contain a weekly list of original articles in 
the foreign scientitic works on file at the Free Library of the 
Patent Office, as heretofore published in this journal. Our own 
lists were commenced at Mr. Woodcroft’s suggestion, and were 
prepared with the kind co-operation of his staff. We do not 
think we need continue them, however, now that they will be 
available in a different form. They have, we believe, been of 
service, however, to many of our readers, who, perhaps, instead 
of resorting to the Library, have ordered the works in which 
articles of special interest to themselves had appeared. _ But we 
do not suppose that the lists are of sufficiently extensive value 
to warrant us in giving up nearly a page weekly to their repro- 
duction, now that they can be obtained in another form. 

Weston’s Friction Brake.—About three years ago, Mr. 
Weston, the patentee of the well-known differential pullies, 
patented a form of disc brake, identical in principle with the 
compresser which has since been independently invented by Erics- 
son, and which was used by him in the gun carriage of which we 
gave an illustrated description a fortnight ago. Mr. Weston’s 
brake consists of a number of circular cast-iron dises, each having 
a square hole in the centre ; these discs being ved upon a square 
shaft connected with the crab. Around and clear of the discs 1s 
placed a fixed octagonal casing containing a nuinber of — 
discs, which fill the intervals between the cast-iron discs on the 
shaft, a screw at the end enabling the discs to be tightened 8p 
as required. The arrangement gives perfect command a the 
weight being lowered, the number of the discs employ r Prise 
proportioned to the load. Messrs. iam Brothers an aft | 
of Birmingham, are applying Mr, Westons brake to 
travellers which they are now making for India. 
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SOCIETY OF ENGINEERS. 
April 9th, 1866. 
Zerah Colburn, President, in the Chair. 
“The Utilisation of Sewage,” by Baldwin Latham, C.E., 
Croydon. 
(Concluded from page 263.) 


Underground Pipes and Hose and Jet Distribution.—This | as one man can with great ease more effectually irrigate in the 
system has not only been proposed time after time in this | same time at least ten times the same area he could under the 


country for the distribution of sewage, but it has been largely 
carried out, but with little success. There are various reasons 
for accounting for this want of success, and in considering them 
it will be well first to mention that this is a system likely to 
take the fancy of many persons—indee¢, it may be said to be a 
scientific toy which is outwardly more attractive than useful. 
In deciding which is the best system for distributing sewage, 
two things should be kept in view, the first is that all arrange- 
ments for its distribution should be as simple and inexpensive as 
possible ; and the second is that, owing to the constant quantity 


of sewage to be dealt with, the arrangements must be capable of | unlike any other system, it is t 


work at all times and seasons. Although in many cases it may 
be necessary to use a limited number of pipes for the purpose of 
conveying sewage to its destination, yet if it is possible to intro- 
duce a system that will be equally as effective as another 

stem, then the cheapest system must take the first place. In 
Kh cases in which water has to be forced through small pipes, 
acertain amount of force is expended in overcoming the friction 
in the pipes; to this must be added, in the hose and jet system of 
of distribution, the necessity of having sufficient pressure in the 
water mains for distributing the water over the field at a con- 
siderable altitude above its surface. Now probably 10 ft. of pres- 
sore is the least that would be required beyond that necessary 
for the overcoming the resistance of the water passing through the 
ipes for the purpose of distributing it over the surface of the land 
ty the hose and jet system. Now in the case of pumping, this 
extra head of water gives an increased power to be maintained ; 
in fact, the expenditure of fuel may be said to be proportional to 
the height, and, as in the case of the hose and jet system of dis- 
tributing it will always be necessary to raise the sewage to a 
higher level then the land itself, this system cannot be so econo- 
mical as one in which the sewage would only require to be 
raised to the height of the land. The most fatal objection to 
the hose and jet system lies in it not being capable of applica- 
tion at allseasons. In a field in which sewage is proposed to be 
distributed by hose and jet, valves are arranged at suitable 
distances —_ to which the hose is attached, and this hose has 
consequently to be dragged over the surface of the land as the 
sewage is being distributed ; consequently this system is quite 
inadmissible when the crop has grown up to any considerable 
height, for if the hose has to be dragged over the growing crops, 
it would tend greatly to injure them ; apart from this, in principle 
the distributing of liquid manure over the plant is wrong, as, for 
the purposes of the ~. the fertilising matter is required at 
the root, and not to be squirted over the plant. Indeed this indis- 
criminate distribution of sewage over a plant is attended with 
injury to the plant and a loss of fertilising matter. It injures 
the plant, because when the matter deposited on the plant 
evaporates it Jedves a sedimentary deposit on the leaves, which 
tends to choke the breathing pores of the plant and also to give a 


the sewage is brought on the top of the ridge and falls to the 
furrow. This arrangement, even in a country, on a dead level, 
will give an artificial fall for the sewage, and guard against that 
stagnation which must be avoided in all works of this class. 
This system of open carriers, differing from the hose and jet 
system in the simplicity of distribution, would, in the case of 
pumping, only require the sewage to be raised to the level of the 

d; with this system the expenses of distributing it are small, 


hose and jet system. A modification of this system, but nothing 
like so good a system, has been projected, and the sewage is pro- 
posed to be distributed by open wooden troughs; this modifica- 
tion of the system is subject to the same objections as every 
system requiring an apparatus to be moved about in the growing 
crop. 

Irrigation by Submersion—Although the previous system 
may be said to be submersion, yet not to the extent or in the 
mode adopted in this system. This system is extensively carried 
out in Piedmont and Lomba 7 in the cultivation of rice, and, 
e only system of irrigation that 
is considered likely to affect the health of inhabitants in the im- 
mediate neighbourhood of its operation. ‘This special drawback 
to this system is due to the stagnation of the water, in fact, to 
the convertion of every field where it is practised into a swamp 
of the worst possible description; it differs from the ordinary 
irrigation system, as much as a rippling stream can differ from a 
swamp; the one is considered innocuous, the other deadly. The 
mode in which the system is carried out is by raising a bank 
round the field to be irrigated, turning the water into it; the 
water is left in this position to be evaporated, and from time to 
time it is resupplied with water. All the information that has 
been collected on the Continent, and likewise in India, where the 
cultivation of rice is carried on by this oo of irrigation, goes 
to show that it is prejudicial to health, although with better 
means of drainage it is thought the condition of things may be 
greatly ameliorated. Yet in those same counties, where irrigations 
on the other system have been and are most extensively carried 
out, no ill results can be traced to them; hence laws that restrict 
the cultivation of rice within certain limits of towns are extremely 
favourable to irrigation of the uature required for the utilization 
of sewage. Although it is not likely that this system will be 
generally adopted for the purpose of utilizing town sewage, yet 
in some cases it might be applied for manuring land, although 
very great care would have to be exercised in the selection of the 
places where it is to be carried out. 


Selection of Crops to be Cultivated by Sewage. 


As sewage is a manure that is produced at all times and 
seasons, and as it would be impossible to store it with advantage 
for use at particular seasons, it is obvious that some care must 
be taken in the selection of the crops best suited for its applica- 
tion, because, although the constituents of sewage may be very 
favourable for the cultivation of some description of crops, yet 
those very crops may be unsuited, as is often found to be the 
case, for the reception of a large amount of water. Thus the 
cultivation of wheat would be unsuited for the constant and 
direct application of sewage, although the fertilising elements 
of sewage would be a very proper manure for its cultivation; 


In round numbers, the following figures will show the result: 
Water supplied to towns ... 21 gr. per gallon, 
op coo ooo ese ee. 39 gr. per gallon, 

Do. after utilisation ee» ee =: 23 gr. per gallon ; 

and although there are but 2 pr. per gallon in excess in the 
sewage after purification to what there was originally in the 
water as supplied to the town, yet this excess must be reduced, 
for the drainage water represented a much larger volume of 
sewage ; for in passing over the land a quantity of water is evapo- 
rated, which tends to condense the impurities that remain. If 
this result is contrasted with the results given by any process of 

recipitation of deodorisation, it will be at once seen how utterly 

allacious it is to attempt to deodorise sewage. Indeed, there 
are few processes of precipitation that do not give a return per 
_ total constituents even greater than that possessed by 
the sewage before treatment, — the matter may be some- 
what less objectionable in form; and, moreover, there is no pro- 
cess of precipitation that will precipitate ammonia directly from 
water, for the simple reason that there is no form in which 
ammonia is insoluble in water, and to —_ - substance 
it is necessary that for the time it should be insoluble. The 
results of the application of sewage, in an agricultural sense, are 
also equally satisfactory; indeed, it is surprising what enormous 
crops are produced under the influence of sewage, and the great 
difficulty is what to do with the — 7 they grow so rapidly, and 
the yield is so large, that it upsets all the preconceived notions of 
farming. Indeed, the only way in which sewage grass can be 
dealt with with certainty is the means of making it artificially 
into hay, and this the author has succeeded in doing, and is now 
about to submit the process to the test on a large scale. The 
Royal Commissioners who were appointed to inquire into the 
various matters appertaining to the utilisation of sewage have 
made a great number of experiments on the growth of grass 
with sewage, with the following results: 
Quantity of ordinary meadow grass grown per acre at Rugby, 
being the average of three years :— 


Sewaged at the Sewaged at the 
Non-sewaged. rate of 3000 tons _—rate of 6000 tons 
per acre. per acre. 
Tns. ewt. qr. Ib. Tns, ewt. qr. Ib. Ths. ewt. qr. Ib. 
Grass. 9 6 0 24 2637.78 68 6 
Hay .3 0 3 4 61865. 515 1 28 


Sewaged at the rate of 9000 tons per acre. 

Tns. ewt. qr. Ib. 

Grass . . 32 12 15 

Ha: . 6 9 1 24 
The quantity of italian rye-grass grown on the well-sewaged 
fields at South Norwood during the last year was over 50 tons 
to the acre; under ordinary circumstances, 40 tons to the acre 
may be reckoned upon; and as at Croydon this grass is worth 
from 17s. to 20s. per ton on the farm, the value of an acre of pro- 
duce may be estimated at from 30/. to 407. As to the quality 
of sewaged grass, the Royal Commission have arrived at the 
following simple conclusion, after a great number of experi- 
ments: ‘ That in both milk and increase, but especially milk, 
“a given weight of animal was more productive when fed on 
“ unsewaged than sewaged grass, and that a given weight of 
“fresh unsewaged grass was more productive than an equal 
“weight of fresh sewaged grass; but that a given weight of 


but inasmuch as the presence of water induces the plant to run | « dry or solid substance supplied in sewaged grass was more 


gritty quality to the produce. To counterbalance these objec- | to straw, we should get a heavy crop of straw and probably but | “ productive than an equal weight supplied unsewaged.” Hence 


tions, it has been proposed not to apply the sewage desing the | little grain, and moreover the plant would be una 


latter period of the growth of the plant; but if this were 


p rec a Oe le to stand | jt would follow that hay made from sewaged grass has much 
one, | and ripen. In arriving at the best description of crop suited 


better feeding and milk-producing qualities than hay made from 


the result would prove very detrimental to the plant, because a| for the purpose, we cannot do better than consult the authorities | ynsewaged grass. 


plant habituated to an excess of moisture, if that moisture is} in those places in which irrigation on a large scale has been 


suddenly and completely withdrawn the plant will suffer. 


certainly retard the flow of the sewage ; and if the sewage should 
t allowed to stagnate owing to any unevenness in the ground, it 
will fiectually destroy instead of promoting the growth of the 
‘op. This system of irrigation is carried out in three ways, 
according to the contour of the land. The first plan, and 
probably the best, is called the pane and gutter system, and is 
admissible in all tields having a gentle rate of inclination. Under 
System the land is laid out transversely between the open 
rammers that distribute the sewage quite level, the sewage is 
iglit on to the head of the field in an open or covered main 
tarrier running transversely across it, or in the direction of its 
Ps fall, the carriers for distributing the sewage branch out 
ms the main carriers and run down the field in the direction 
. its greatest fall; the sewage is distributed over the inter- 
Suing space between the distributing carrier by means of stops 
int Placed in the carriers, which back the sewage and make it 
- right and left over the ground in an uniform stream ; these 
ops are removed two or three times a day, according to circum- 
onan _ The second plan is called the catchwork system: it is 
dastin im all cases where the ground has a rapid rate of in- 
ds , 88 for instance on the side of a hill. The plan consists 
ls ite thn of carriers one above another; the sewage, flow- 
land e first and highest carrier, falls over the intervening 
= it and next lowest carrier, which carrier receives 
tay =o and takes it up to redistribute it in the same 
a til th land below it, and so in turn the process goes 
this wrt’ bottom of the field is reached. The carriers on 
bere run m contour lines round the hills, and are nearly 
Weil 


 . third plan is the bed system. This system is 
this pan the, level lands, or land ‘having but slight falls; 
® land is laid out in a series uf ridges and furrows, 


observation would lead one to conclude that 


be supposed that because a crop grows rapidly that that crop is 
lami of an inferior quality ; for we find that in the poorest 
pastures, where the rate of growth is the slowest, the —e of 
the herbage is the lowest, whereas, on the other hand, in good 
and rich pastures the rate of growth is rapid, and the quality 
of grass is good; therefore, as far as experience goes, quickness 
of growth would rather tend to establish the goodness of the 


crop. 

Aithough it has been mentioned that wheat and other crops 
are unsuited for the direct application of sewage, yet they can 
grown by sewage in an indirect manner ; for it so happens that the 
constituents of grass and the constituents of sewage do not ex- 
actly pace ; but the excess not required is not lost, but is 
stored in the earth for use when required. It also happens that 
in the cultivation of ryegrass the plant dies out in three years, 
if not regularly resown ; and to get the best result it should be 

loughed up every third year, and when it is ploughed up prior to 
ats. laid down again an intermediate crop may be taken without 
the application of sewage, thus using up the constituents of 
sewage that had been stored in the ground in previous years 
during the cultivation of the grass. Mangold wurtzel and beet 
have also been grown with sewage with great advantage. 


Results of Utilisation. 

The great result to be arrived at in the utilisation of sewage is 
the prevention of the fouling of rivers; in short, in the purifica- 
tion of the sewage before being turned into any stream ; and upon 
this head the results are most satisfactory. . 
In the case of Croydon, the sewage of that town, after being 
utilised, is positively purer than the water supplied by some of 





The following figures will show the length of the respective 


carried on for many years. Thus the irrigators of Piedmont crops of Italian rye-grass grown at South Norwood during last 
Distribution by open Carriers.—For the purpose of carrying | and Lombardy have found that marcite is the proper crop for 


out this system, the sewage may, if desirable, be brought to the | cultivation. Now, this marcite is a mixture of Italian ryegrass 
head of every field in a covered channel, afterwards to be dis-| and clover. The experience in this country also goes to show Ist crop . 
tributed by open channels or carriers. ‘This system, which is the | that Italian ryegrass, of all other crops, is the best suited for the 
simplest and most effectual, may be carried out in various ways | purpose; indeed, rt 
according to the configuration of the land. By this mode of | grass in some form is the only crop generally admissible when 
distribution sewage can at all times be applied to the plant, for | we have to deal with large quantities of water; for if we take 
sewage never comes in actual contact with the plant itself—it the distribution of rainfal in this country into consideration, we 
merely runs in a thin film over the surface of the ground at the | invariably find that those districts in which the largest rainfalls 
root of the plant ; the result is the sewage may be applied during take place are grass-growing countries. Of all grasses, up to the 
all stages of the growth of the plant up to the time of cutting | present time our experience shows that none have been found 
the crops, and it only needs be withdrawn from the land during | equal to Italian ryegrass, as what is required in the crop is that 
avery limited period previous to the time of cutting the crop. In| it shall be capable of growing rapidly when the elements of 
carrying out this syStem, it is absolutely necessary to prepare the | fertility are presented to it- Many grasses are naturally of 
for the reception of the sewage by carefully levelling it, so | slow growth, consequently are not so well suited for utilisation 
that no holes or uneven places may exist. An uneven place will | of sewage as a crop that grows more rapidly; but it must not 
ry 


year: : 
Length in inches. 
. s we 


2nd do. . rs : - 40 
8rd do. . ° ° - 42 
4th do. . ° | 
5th do. . ° : . 24 
6th do. . é ; >. ae 


187 in., or 15 ft. 7 in. 


Quantities of Sewage applicable to Land. 
The quantity of sewage that may be applied with advantage to 
an irrigated area in the course of the year has been the subject 
of much controversy. Probably the fairest way to arrive at the 
amount of sewage that is required is by computing the total 
amount of the constituents of the crops cultivated, as it has been 
shown elsewhere that grass is the only crop that is fitted for the 
constant application of sewage. If we calculate the amount of 
sewage necessary to produce the 30, 40, or 50 tons per acre ot 
grass, the amount that is annually grown on an irrigated area, 
we shall get a correct result. Baron Liebig has shown that if 
the soil is pure sand, and if the sewage is intended to supply all 
the constituents requisite for the growth of the plant, 2430 tons of 
sewage would be required to produce 4 tons of hay. If, however, 
the soil is rich in potash, so as to yield half the potash required hy 
the plant, then 1225 tons will suffice to grow 4 tons of hay. As 
the amount of hay that would be produced on an irrigated field 
is much in excess of the 4 tons Baron Liebig assigns to it in his 
calculation, the amount of sewage he estimates that can be used 
on a given area will be proportionately greater. If it is considered 
desirable to a much sewage as will be sufficient for the 
growth of the plant without drawing on the resources of the 
soil, and as 1 ton of irrigated —_ will make 4 ewt. of hay, it is 
obvious that to grow 30 tons of grass 3645 tons of sewage per acre 
per annum will be required, 40 tons of grass will require 4860 tons 
of sewage, and 50 tons of gras will require 6075 tons. If, how- 
ever, the soil will provide half the potash required, then, to grow 
30 tons of grass per acre, 1837 tons of sewage will be required ; 
40 tons of grass per acre, 2450 tons of sewage; and 50 tons of 
grass per acre, 3062 tons of sewage will be required. As 40 
tons of grass per acre may be considered as easy of production 
on a properly regulated irrigated area, and as it would not be de- 
sirable to exhaust the soil of any of its constituents, 4860 tons 
per acre may be said to be the right amount of sewage required ; 
that is, assuming that sewage is of the same strength as the 





the metropolitan water companies. 


dry-weather sewage of London. Now, as the dry-weather 
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sewage of a population may be computed from the water su 
plies, it will be well to reduce the quantity of sewage applicable 
to an acre to the standard of the number of persons producing 
it, because as sewage becomes more diluted, a larger amount 
must be applied to get the same result. It may be taken as 
nearly correct, that the dry-weather flow of sewage of London 
is about equal to the supply of water, which at 30 gallons per 
head per day of the population would give 48.88 tons per an- 
pum, or, according to the previous calculation, an acre of ground 
will require the sewage of 100 persons in order to grow 40 tons 
of This calculation entirely accords with our experience 
at Croydon; and it also agree with the experiments made by 
the Sewage Commission, who arrived at the conclusion that 
5000 tons of sewage per annum is the right amount to apply in 
order to get the greatest results. 





Sanitary and Public Health. 


As the experiments that have been made with regard to the 
utilisation of sewage by its direct 1 ay to land have become 
more or less successful, objections have been urged against the 
system by those who still cling to the exploded and unsuccessful 
system of deodorisation, or are too careless or indifferent to 
thoroughly investigate the subject for themselves. ‘The last 
and probably the great stand that the opponents of the irriga- 
tion system now make, is on the score of its being prejudicial to 
the health and lives of those living in the neighbourhood of the 
works. However much may be urged against the system, if the 
objections are not founded upon truth, they cannot stand. We 
alt know how difficult it is to establish a new invention, for we 
are naturally averse to change, and an innovation arouses many 
a champion for the conflict who would otherwise have been con- 
tent to go on quietly in the course he was treading, had it not 
been that his favourite ideas and notions were assailed—ideas 
and notions he may have long cherished, and which he cannot 
very willingly forego. Every invention or innovation that will 
not bear the closest and strictest investigation must fail 
when subjected to the scrutiny of its opponents; but if 
an invention is of any worth, the more its merits are dis- 
cussed, the more will its latent virtues become apparent, until at 
length it will establish for itself a sure footing. Such will be the 
fate of the system of utilising sewage ; the more it is discussed 
and criticised, the more apparent will its advantages become. Its 
simplicity will commend it, and the results it brings about will 
demand our attention. That sewage may be utilised without 
prejudicing the lives or the health of those living in the neigh- 

urhood of the works has been proved by the past and present 
experience at Croydon and other places in the country; more- 
over, we have the testimony of the irrigators of Piedmont and 
Lombardy that irrigation, such as is practised in utilising 
sewage, can and is carried out to a large extent with great 
ne ogg! benefit, and without any ill results on the public 

ealth. The malaria arising from swamps and such like areas, 
produced by the periodic decay of vegetable matter, does not 
exist in utilisation of sewage, although it does exist in the 
system employed in the cultivation of rice; hence we must be 
careful in arriving at conclusions in districts in which irrigation 
is carried out to establish the description of irrigation practised. 
In Piedmont, Lombardy, Northern India, and other places, it is 


universally allowed that the cultivation of rice is certainly 
— to health, yet in these same countries it 1s 
y no no means established that the system of irrigation as 


a = in the utilisation of sewage is detrimental to public 
ealth; indeed, notwithstanding the unfavourability of the 
climate, it is considered that the system is and can be carried 
out without prejudice to the public health. Hence the laws 
affecting the subject of irrigation in Lombardy prohibit the 
establishment of rice irrigation within five miles of the capital 
of the kingdom, and three miles from first-class towns; but the 
same laws allow the cultivation of Italian rye grass and clover by 
irrigation within 1100 yards of the capital, or within 530 yards of 
first-class communes; and, moreover, so favourably is this 
system of irrigation looked upon, that while the laws relating to 
the irrigation of rice are maintained in full force, the laws relat- 
ing to the irrigation of marcite (Italian rye grass and clover) are 
allowed to lapse, and persons do now carry on this description of 
cultivation without let or hindrance of any kind. Captain 
Baird Smith, in his work on Italian irrigation, gives the follow- 
ing opinion, which is of value as bearing on the question of irri- 
gation with sewage: ‘I may briefly give some details which 
** seem to me to justify the non-interference of the Government 
“ in the case of marcite and common meadow irrigation. Why, 
“ indeed, the latter should have ever been interfered with at all 
** seems to me difficult to understand. The meadows are watered 
“ once a fortnight usually. The quantity of water thrown upon 
“them is equal in its effects to a heavy shower of rain, but 
“scarcely more. Means of efficient drainage are ey 
“ established under .he best guarantees, the guarantee of self- 
“ interest in the valuable surplus waters or colature ; stagnation 
“ of water, even for a very limited time, is rigidly guarded 
“ against as an imperfection most injurious to the crop. With 
“such provisions and precautions, it is impossible to conceive 
“ irrigation can be mischievous to health, and the idea that it is 
“ so seems to be universally abandoned.” 

It must be recollected, in a field irrigated with sewage that 
there is no tendency to putrefaction; Ist, because matters 
only in solution should be permitted to flow over the land, and 
any tendency to gaseous exhalations is instantaneously stopped 
by the absorbing properiies of the soil; 2nd, the state of 
vegetation is always one of vigorous growth, there is conse- 
quently not any tendency for the crop to decay. From the 
statistical returns of Lombardy, it appears the Government are 
fully justified in refraining trom any interference with the pro- 
cess of irrigation, and carried on in the cultivation of mareite or 
in common meadows, as public health has been found to be so 
little affected by it. In the neighbourhood of Milan marcite is 
cultivated very largely with the sewage of that city, 


but without any ill-result to its inhabitants; but at Croy- 
don it has been said that the result has been found pre- 
judicial to health, upon what occasion it would be difficult to 
say. 
it to be so, and the thought became idealised. 
the first town to adopt and carry out the Public H 


It may be said that the adversaries of the system wished 
Croydon was 
th Act of 





1848; it was the first town to adopt the tubular pipe system of 
drainage—a system that has completely revolutionised the 
whole system of drainage throughout the country ; and Croydon 
was the first town since the introduction of the Public Health 
Act to adopt the process of utilising its sewage after giving every 
conceivable plan of deodorisation a fair and impartial trial. 

Although Croydon has stood out foremost in furthering the 
cause of sanitary science, its very prominence has brought upon 
it the attacks of all those who did not agree with the system to 
be introduced, and they made Croydon the battle-field to deter- 
mine the principles of the system then introduced. Pipe sewers 
were attacked and condemned, yet in spite of the condemnation 
passed on them year by year, greater numbers are manufactured, 
and the system is nearly universally adopted. It cannot be over- 
looked that as Croydon was the pioneer in the track in which 
many towns have followed, and in which they must still continue 
to follow, that of necessity many imperfections might exist in the 
early works; and this circumstance, while it has been fortunate 
for the country at large, has been unfortunate for Croydon 
itself. Other towns have profited, and may still profit, by the expe- 
rience of Croydon. One of the great errors committed in the 
early works was the too small size of some of the main sewers ; 
another was the want of sufficient ventilation of the sewers; and 
these two causes, acting in concert at a recent period, tended to 
conduce to an unhealthy state of things, which the opponents of 
utilisation at once, and without a moment’s reflection, ascribed 
to the irrigation areas; but the districts affected told their own 
tale as to the cause, as they were the highest and best in the 
town, and at the heads of the sewers, and were the farthest re- 
moved from the irrigation fields, being upwards of two miles from 
the nearest irrigation area, and, moreover, during the prevalence 
of the disorder referred to, the wind was blowing from a direction 
opposite to that that would have had any tendency to have 
wafted any vapour or odour towards the town. 

Again, the most careful inquiry was instituted in order to 
ascertain if the inhabitants living in the immediate neigh- 
bourhood of the irrigation areas suffered at all from any par- 
ticular disease, and the result showed most conclusively that 
the whole population in the vicinity of the irrigation works 
was perfectly healthy; in fact, the only case of disease 
that could be found was an isolated case of hooping-cough. 
At South Norwood irrigation works have been established 
eighteen months. These are very important works; for the 
may be said to be a test upon the health of the neighbourhood, 
as they are within a few hundred yards of the town; but the 
following tables of mortality in Norwood will show most 
conclusively that never has Norwood had such a favourable rate 
of mortality as during the last year, or the year in which its 
sewage has been utilised; and what is more remarkable is this, 
that Croydon has had generally to complain of its mortelity 
being swelled by the mortality of Norwood; but during the 
last year the tables have been reversed, and the mortality of 
Norwood had a tendency to lighten the average rate of mor- 
tality of Croydon, instead of, as in former years, to be a burden 
to it. 

Mortaity TABLEs. 

















Dates. Tt England. te Croydon parish. | Norwood only. 
1860......... eve 16.63 18.35 
1861 oa 18,00 Not taken out. 
1862 ose 18.48 a 
1863 ‘ 20.49 21.84 
1864.. eee 20.97 eee 
1865 25.48 21.26 18.17* 








* Year of utilisation of sewage. 
Schedule of Towns in which the Sewage is more or less 
ilised. 














ute 
> : Acres 
Names of Places, |Popula- Number of gallons oaher 
tion. per day. Pa vate 
irrigation. 
Aldershott camp...... 14,000 oes 250 
Alwick, Cannongate .| 6,000 300,000 350 to 400 
Bingley, Yorkshire...) ,, ” 30 to 40 
Birmingham .........| 30,000 15,000,000 130 
Braintree............+ --| 50,000 - 20 
Bury St. Edmonds...} —_,, Experimenting. ” 
Carlisle ......... eveeee] 21,000 843,000 80 
Cheltenham ..... see) 36,000 1,000,000 120 
Croydon ......... bead = Two to five millions. 360 
Edinburgh .. 180,000 ” ” 
Hopwood ........s0000+ 2,200 pa 6 
OU tincecuinesicitaed 10,500 400,000 130 
OS ae 10,000 pa 400 
Melton Mowbray...... ” Experimenting. vs 
Milverton......cscccsees 1,400 4,000 4 
| eee 4,000 6,000 6 
Nottingham ........ * Experimenting. . 
GOON P occsvesccssiess Pe Proposed to irrigate. 300 
Co TITS 8,000 | 80,000 to 200,000 |400 to 500 
St. Thomas, Exeter .| ... | Proposed to irrigate. 150 
Swaff ham 2,000 a 5 
Tavistock 8,000 9 90 
Ucktield ... --| 1,200 |P roposed to irrigate. 4 
a 6,000. 700,000 40 




















Tae WaIrenAtt Cius.—The Whitehall will open on Tues- 
day next. A large number of members of the engineering pro- 
fession have joined the club within the last few months. 

Srrone Castincs.—Mr. Bessemer’s specification of his 

patent of May Ist., 1865, was printed only last week. This 
yatent is for the mixture of cast iron direct from the blast 
urnace with Bessemer metal direct from the converter, the 
mixture being run out into pigs for re-melting into castings of 
great strength. The specification is numbered 1208 for the 
year 1865 (price sixpence), and many of our readers will wish 
to obtain it from the Patent Office. 








THe TopoGRAPHICAL DEPARTMENT.—The anni 
of the Topographical Department of the War-office har’ = 
been printed, dated February 22, 1866. In England, the sur- 
vey is proceeding in the counties of Surrey, Kent, and Ham 
shire; and a large party of surveyors is employed in London in 
completing the plans of the metropolis, which were surveyed 
only in block fifteen years ago. In Scotland, the counties of 
Aberdeen, Argyll, Banff, Elgin, and Inverness are being sur- 
veyed ; and the plans of Perthshire, Kincardineshire, Buteshire 
and Aberdeenshire are in progress of publication. In Ireland 
the survey of the counties of Louth and Dublin is being re- 
vised, and the plans of the latter are being re-drawn on the 
1-2500 scale for the purposes of the general valuation: the 
original scale of the plans, six inches to the mile, having been 
found insufficiently large for the valuation of the populous dis- 
trict around the city of Dublin. The southern half of the Isle 
of Man has been surveyed; and the remainder will be com- 
pleted during the present year. The operations for connecting 
the triangulation of England with that of France have been 
successfully completed. In comparing the results, the agree- 
ment of the French distances with ours is found to be excellent 
The greatest discrepancy amounts to 44 ft. in the line joining 
a point near Folkestone to the Clock Tower of Gravelines, in 
France, a distance of more than 40 miles. In no other instance 
does the discrepancy amount to a yard, and is generally only a 
few inches. ‘The nearest antvcat 3 base lines in the two coun- 
tries are that of Salisbury Plain and the base of Melun near 
Paris. An examination into the French calculations (which is 
rendered very troublesome by the remarkably large number of 
misprints or wrong measurements to heliostats, &c.) shows, 
however, that the agreements with our work are Xd due to 
the free rejection of observations that did not harmonise with 
others, a proceeding always avoided in scientific calculations, 
except in rare and extreme cases, The connexion, however, of 
the triangulations of France, Belgium, and England, is perfectly 
satisfactory; and considering that the common sides of the 
triangles have been computed from bases in each country which 
are so far apart, and which were measured by such different 
methods, and with different units of length, the close agreement 
of the computed distances is truly remarkable. Of the Ord- 
nance maps, copies have been sold to the value of 7260/., and 
there have been presented, under the Copyright Act, maps of 
the value of 619/. 7s. 9d.; public departments, 1122/. 7s. 34d.; 
public institutions, 201. 7s. 103d.; public libraries, 1302 1s, 
94d.; Government educational establishments, 5/. 10s. 7}d., and 
foreign Governments, 25/. 16s. 43d. The total amount is 
93641; the total presented being 2104/. The work commenced 
in 1862, showing the strength, composition, and organisation of 
the British forces, has been revised for 1865, and an edition 
issued to military and other authorities; but as a portion of the 
edition for 1864 remained unsold, that for 1865 was not offered 
for sale. An edition for 1866 will be prepared as soon as the 
army estimates have been ed. The work is sold through 
her Majesty’s stationery office at 1s. 6d. acopy. Maps illus- 
trating the military operations in New Zealand and the pro, 
of the war in Virginia up to its close have been prepared and 
issued to military authorities and others.—Globe. 

Sr. Leonarp’s IRon AND ENGINEERING Works.—In view 
of the rapidly increasing demand for machinery and iron work 
of all kinds, both at home and abroad, and especially the advan- 
tages which must accrue to this district, we are gratified in being 
able to announce a very promising application of the Joint 
Stock Liability principle to a large and valuable business in this 
quarter, which will be beneficially managed and extended under 
that system. The extensive works and business of Messrs. C. 
D. Young and Co., engineers and contractors, of London and 
Perth, have been acquired by an influential Joint Stock Com- 
pany, under the title of ‘‘ Young, Carrington, and Company 
(Limited),” which has been duly registered, and commences 
business as a company under very favourable auspices on Ist 
May next. In connexion with the formation of the my T° 
Mr. W. T. Carrington, C.E., London, and President of the 
Society of Engineers last year, has joined the management, and 
his sound knowledge and experience of civil and mechanical 
engineering will be of eminent service to the establishment. 
The Board of Direction consists of gentlemen whose business 
— knowledge, and experience will command implicit con- 

dence, combined with Messrs. Young and Carrington as joint 
managing directors. The nominal capital is 150,0007., to meet 
the consequent extension of the business, ef which, notwith- 
standing the present unfavourable period for such a project, 
about one-half is understood to be subscribed already, headed by 
parties of first-class position, thoroughly acquainted with the 
valuable resources of the business; and it is —— that 
the whole will be subscribed without any appeal to the general 
public. The arrangements for the transfer are most equitable, 
the directors having contracted that the whole of the assets 
are to be valued by a thoroughly competent arbiter—Mr. Bram- 
well, of London, the eminent consulting engineer, having been 
selected for that purpose. At average dividend of 10 per cent. 
per annum till 31st December, 1871, is guaranteed to the satis- 
faction of the directors in the manner stated in the prospectus. 
Almost the entire price is to be taken in half paid-up shares of 
207. each. The company intends to cultivate the various 
branches of the home and foreign trade. Besides the joint 
managers, the directors are—Mr. William Young, of Messrs. 
Campbell, Young, and Co., Lloyds; Mr. Robert M‘Kim, Ex- 
change Broker, Old Broad Street, London; and Mr. William 
Stiven, Bank-street, Dundee. Mr. Stiven will, we understand, 
give the fullest information to parties desiring it in this quar- 
ter.— Dundee Advertiser. ‘ 

Str Isaac Newron’s Housr.—At the Sheriffs’ Court, Red 
Lion-square, on Wednesday, a compensation case, “ W illiams v. 
the Metropolitan Railway,” came before a special jury, and at 
which a claim was made for “ Newton-house,” where a schoo 
had been for some time carried on, and where Sir Isaac Newton 
died on the 18th of March, 1727, aged 85 years. The Jury a 
sessed the damages at 21107. The same railway company — 
Milton-house, at Cripplegate, and now hold Newton's house 3 
Kensington, . ll 

Tne LaTe Mr. Arcumanp Surrn.—Mr. Smith, so ¥¢ 
known for his wire-rope machinery, died last week, at may 


age of 37. 

















May 4, 1866.] 


ENGINEERING. 





283 








MR. PENN’S PATENT FOR WOOD BEARINGS. 
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Tue important cases of Penn v. Jack, Penn v. Bibby, 
and Penn v. Fernie, to which we alluded in our last, 
have been decided, after a protracted hearing before 
Vice-Chancellor Page Wood, in favour of the plaintiff. 
The defendants have, however, moved for a new trial, 
although, on going over the case, it is difficult to see 
why they have done so, unless they are prepared with 
further evidence. 

It is but a few years—a dozen at most—since it 
was seriously doubted by engineers whether the screw 
propeller could be generally introduced into large 
steam vessels. This was long after the efficient pro- 
pelling powers of the screw had been fully established, 
and when, indeed, there was but little, if any, doubt 
that, as a — instrument per se, it could com- 
pete successfully with the paddle. A difficulty of a 
most serious character, and which had not shown 
itself to any notable extent in the previous trials, was 
met with as soon as large propellers came to be regu- 
larly worked. The bearings of the screw shaft were 
rapidly worn away, and not only did this rapid wear 
necessitate frequent renewals of the stern tube, but it 
caused an inconvenient or, rather, an intolerable 
thumping, and, in different ways, this wear was also a 
source of great danger; for the thumping would occa- 
sionally split the stern tube, although this was a cast- 
iron pipe 2 in. thick ; and when such an accident hap- 
pened, the water rushed in, sometimes at such a rate 
as to endanger the safety of the ship. From this 
cause alone the Royal Albert was once in imminent 
—e of going down with Admiral Lyons and a thou- 
sand men on board. Besides, the thump. shook the 
whole stern of the vessel, loosening the timbers, and 
hastening the final breaking up. So great were the 
difficulties consequent upon the rapid wear of the jour- 
nal and bearings of the screw shaft that, as Mr. 
Francis Pettit Smith—who, of all engineers, ought to 
know—said in evidence on the late trial, they threa- 
tened to put a stop to the further introduction of the 
screw propeller. In, and for some time previous to, 
the year 1854, Mr. Smith was private secretary to Mr. 
Penn, and in the early part of the summer of that 
year Mr. Penn suggested the use of wooden bearings 
for the screw shaft, and he instructed Mr. Smith to 
make such experiments as would show how far they 
Were applicable to the purpose. Mr. Smith took these 
at once in hand, and an apparatus was prepared in 
which a horizontal shaft, 1} in. in diameter, was made 
to revolve rapidly in a cistern of water. By means 
of loaded levers, bearings of different kinds of metal 
and of wood were pressed against the shaft, the surface 
= of which was 260 ft. per minute, being about 
that of ordinary screw-shaft journals. With a brass 

faring upon the iron shaft, a pressure equal to 675 lb. 
oe inch, the surface of the bearing was cut and 
abraded after an hour’s working; and when the 
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pressure was increased to 2 tons per square inch, the 
surfaces immediately seized and stuck fast. Indeed, 
brass had been cut under a pressure of 230 lb. per 
square inch. At somewhat higher pressures, Babbitt’s 
metal, Kingston’s metal, &c., were rolled out bodily. 
With brass on brass a pressure of 32 ewt. per square inch 
could be maintained for but a few minutes. Wood was 
then tried. Boxwood on brass was found to run well 
under a pressure of 2 tons to the inch, it being under- 
stood that the wear was in all cases between surfaces 
immersed in water. When the side grain of the wood 
was turned to the brass, abrasion took place under a 
pressure of 48 cwt. per square inch; but the bearing 
stood the same pressure well when the end grain of 
the wood wore upon the brass. With boxwood on 
iron a pressure of 32 ewt. per square inch caused but 
little wear, Lignum vite on iron ran thirty-six hours 
under a pressure of 1250 Ib. per square inch, with no 
signs of wear; even a slight scratch previously made 
with the point of a pin was not worn out. Lignum 
vite and snakewood on brass, with a pressure of 
4000 Ib. per square inch, stood well; and a piece of 
camwood bore a pressure of 8000 lb. per square inch 
without injury, the journal being of brass. The water 
carried off all the heat as fast as generated. The 
bearing tan in a cistern holding two cubic feet of 
water, the temperature of which never rose above 90°. 

These results, which were afterwards embodied in a 
paper read before the Institution of Mechanical En- 
gineers, January 30th, 1856, were most conclusive, 
and | ome directly to the value of the application of 
wood bearings to the screw shafts of steamers. On 
the 2nd October, 1854, Mr. Penn lodged the provisional 
specification of his patent, and, as showing within how 
few words the nature of an invention may be de- 
scribed for the purposes of provisional protection, we 
give this document itself: 

“This invention consists of employing wood in the 
* construction of the bearings and bushes for the 
“ shafts of screw and submerged propellers.” 

This was all, and in due course came the complete 
specification, which we give also, as of interest to 
many concerned in the result of the recent trial. Our 
illustrations are carefully reduced from the drawing 
attached to the specification. After the usual preamble, 
the penton says : 

“This invention consists of employing wood in the construction 
of the bearings and bushes for the shafts of screw and submerged 
propellers. 

“ Having thus described the nature of my said invention, I will 
proceed to describe the manner of performing the same. 

“ Description of the Drawi 

“Fig. 1 shows a side view, partly in section, of the raisin 
frame for a screw propeller, together with part of the shaft ai 
blades; Figs. 2 and 3 show the two end views of the two 
bearings of the shaft of the propeller, which are carried by the 
raising frame. A, A, is the raising frame, which is of the ordinary 
construction ; B is the shaft of a screw or submerged propeller ; 


C,C, are the blades of the screw or submerged propeller; 
D and E are the two bearings of the shaft, which are carried by 
the raising frame A. The inner surfaces of these bearings are 
grooved to receive fillets of wood, x, 2, which project to some 
extent beyond the inner surfaces of the metal bearings, so as to 
revent the shaft coming in contact with the metal of the bear- 
ings, and these spaces admit of the water flowing freely between 
the shaft B and the inner surfaces of the metal bearing. The 
wood which I prefer for these purposes is lignum vits, but other 
wood may be used in place thereof, and the grain of the wood 
may be longitudinal of the fillets, or at right angels to the bearing 
surfaces thereof. In the arrangement shown in Figs. 1, 2, 
and 3, the grooves are made dovetail to receive correspondin 
dovetail forms of wood; but the means of fixing the pieces o 
wood may be varied, and it is not essential that the several 
pieces of wood employed in a bearing should be in a straight line 
parallel to the axis, and from end to end of a bearing, as shown, 
as they may be in lines inclined to the central axis; and the 
ieces of wood may be at intervals only, and not in continuous 
ey as shown. ‘The object of the invention is, that the parts 
of a propeller shaft which are within bearings shall not come in 
contact with metal of the bearings, but against pieces of wood 
fixed therein, in such manner as to admit of water flowing freely 
between the pieces of wood and between the inner surfaces of 
the metal bearings and the outer surfaces of the propeller shaft 

‘¢ Fig. 4 shows a longitudinal section, and Fig. 4 a transverse 
section, of a propeller shaft revolving in a fixed bearing. In 
this arrangement 2, x, are several fillets of wood fixed within 
the bearing F. The edges of the fillets of wood are bevilled, so 
that where each neighbouring pair of fillets come together they 
leave a groove between them for the free passage of water. The 
interior of the bearing is lined with these fillets of wood, as is 
shown, and the whole are wedged tightly by the fillet of metal », 
fixed in the bearing by screws or otherwise. It is preferred that 
the surfaces of the propeller shaft which are within the bearings 
should be bushed or covered with brass, and that the bearings 
should be lined or bushed with brass. It is not essential that 
the wood bearings for the shaft of a screw or submerged propeller 
should be fixed to the interior of the fixed metal bearings, as a 
like effect is obtained if the pieces of wood (whether in the form 
of fillets or otherwise, or whether with the grain longitudinally 
or at right angles with their bearing surfaces) be fixed to the 
shaft and revolve therewith, as is shown in respect to the part B! 
of the shaft B at Fig. 1, where the fillets of wood x, x, are shown 
as being let into grooves in the coating or bushing of brass, 
fixed on the part of the shaft B', which is within the bearing F, 
and the bearing is also lined or bushed with brass, as shown at 
w. Lhave not thought it necessary to show all the bearings of 
a propeller shaft, but I would state that they are to be simi ay 
made to those above described, and it is desirable that in all 
cases the bearings should be immersed in or well supplied with 
water. 

“ Having thus described the nature of my said invention, and 
the manner of performing the same, I would have it understood 
that what I claim is, the employing of wood in the construction 
of the bearings and bushes for the shafts of screw and submerged 
propellers, as herein described.” 

This specification was filed March 28th, 1855. 

In September, 1854, on the occasion of Prince 
Albert’s visit to Boulogne, the screw corvette Malacca, 
of 1700 tons and 200 horse power, ran over from 
Portsmouth. Her screw shaft was 104 in. in diameter 
in the bearings, and made 110 revolutions per 
minute. Mr. F. P. Smith was on board, and, as 
stated in his evidence last week, the thumping of the 
screw shaft was so great as nearly to render the cap- 
tain’s cabin uninhabitable. On the way back he 
found as much water running in at the stern tube as 
would fill an inch pipe, and so many fine particles of 
brass were seen that he sat a tin saucepan-lid to catch 
them, and the quantity thus caught in two hours was 
weighed and found to be 70z. On the return of the 
Malacca, she was placed in Mr. Penn’s hands, and he 
obtained permission to make a trial of the wood bear- 
ings. ‘These were put in, and the engines started No- 
vember 8th, 1854. Mr. Wm. Buchan, now the chief 
engineer of the Warrior, was then the engineer of the 
Malacca, and Mr. Penn supplied him with spare fillets 
of wood, and asked him to observe closely how the 
bearings worked. The ship was then put in commis- 
sion, and after 15,000 miles’ steaming Mr. Buchan, to 
satisfy himself as to the wear of the bearings, took out 
the lower fillets of wood while the ship was laying at 
Gibraltar. They had worn nd of an inch only, and 
might have been put back again, but Mr. Buchan 
sent them on to Mr. Penn and put new wood in their 
places. ‘ 
The Himalaya was shortly afterwards fitted with 
wood bearings, and their success, as that of the same 
improvement in other vessels, is well known. On 
the trial, last week, Mr. John Hall gave evidence re- 
specting the wear of the wood bearings fitted by 
Taeers. Penn and Son to two of his ships, the Penin- 
sula and Britannia. The first-named vessel had her 
bearings put in in 1855, and they remained in until 1864, 
the vessel having, within that interval of time, run an 
estimated distance of 218,400 miles, taking the direct 
length of her voyages, and without allowing for una- 
voidable deviations. The Britannia had wood bearings 
fitted in 1856, and had made 212,000 miles when they 
were removed in 1864. Neither of these vessels had 
an outer or rudder-post bearing. As it was, the 
bearings were not very much worn, and could have 





well been allowed to run a year or two longer. 
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Mr. F. P. Smith obtained a return in 1855 of the 
whole number and horse power of British screw 
steamers in December, 1854. There were in the 
merchant service 170 screw vessels of 20,868 horse 

wer, and in the royal navy 162 screws of 35,900 

orse power. On the 1st of last month there were 

in the royal navy alone 311 screw ships of all classes, 
with an aggregate horse power of 122,230, and 168 
gunboats of 8860 horse power; and it may fairly be 
admitted that this great increase, an increase which, we 
are sure, must have been far exceeded in the commercial 
marine, is largely due to the introduction of wood 
bearings. 

Mr. Penn received from Messrs. Maudslay, Messrs. 
Humphrys and Tennant, and Messrs. Ravenhill, Sal- 
keld, and Co., 100/. each, and from Messrs. Rennie 
150/., as an acknowledgment of his patent. From 
other firms, fifty-one in all, he has received considerable 
royalties at the rate of 2s. 6d. per horse power of the 
ships fitted with wood bearings. Messrs. James Jack 
and Co., marine engineers, of the Sandon Dock, Liv- 
erpool, have never paid royalties, however, nor was 
it certainly known that they were infringing Mr. 
Penn’s patent until Mr. Alex. McLennan, Mr. Penn’s 
agent for the collection of his royalties in the port of 
Liverpool, found the Crimean and the Alabama (not the 
famous privateer), in May last year, in the Liverpool 
Docks, and fitted by Messrs. Jack and Co. with hear- 
ings upon Mr. Penn’s en Messrs. Jack and Co., 
we believe, are opposec 
patent royalties. ‘They made a stand, a few years 
ago, against Mr. J. F. Spencer, and defeated him 
upon a technical construction of his specification for 
the arrangement of screw engines with surface con- 
densers. According to the evidence of Mr. Penn’s 
witnesses, they refused to pay his royalties, although, 
after the suit had been commenced, Mr. Jack called 
upon Mr. Penn’s solicitors and stated that he had 
never objected to pay, and that he was not, indeed, 
aware, when the proceedings were commenced, that 
any application had been made to him. He did not, 
however, pay the demand, and the case went on. It 
occupied five days last week before Vice-Chancellor 
Page Wood, it being tried without a jury. Messrs. 
Bibby and Messrs. Fernie Brothers, shipowners, as 
users of the wood bearings put in by Messrs. Jack and 
Co., were also defendants to the suit. The defend- 
ants raised four issues, upon which it was agreed to 
try the cause. These were: 

1. Was the invention 
patent ? 

2. Did the specification properly 
method of performing the invention ? 

3. Was the alleged invention the proper subject 
matter of a patent ? 

t. Have the défendants infringed ? 

On the first issue, of novelty, Mr. Penn brought a 
large number of witnesses, who, from their position, 
opportunities of observation, and long experience, 
would be almost certain to know if such an application 
of wood bearings had ever been made before. Myr. 
Woodcroft, the superintendent of the Patent Office, 
himself an early patentee of screw propellers, had for 
many years collected every scrap of information he 
could to enable him to prepare a history of screw pro- 
pulsion, but he had never heard of such an application. 
Mr. Carpmael, Mr. Bramwell, Mr. F. P. Smith, Mr. 
Samuda, Mr.’ Ravenhill, Mr. Buchan (chief engineer 
of the Warrior), Mr. Sells, and Mr. Warriner, of 
Messrs. Maudslays, Mr. Galloway, of the Board of 
Trade, Mr. Andrew Murray, of Portsmouth Dockyard, 
Mr. Partridge, of Woolwich, and Mr. Baker, of Chat- 
ham Dockyard, all men of long and varied experience 
in such matters, had never known wood bearings to be 
used, in the manner in which they were applied by Mr. 
Penn, before the date of his patent. 

Messrs. Jack and Co., however, brought one of their 
workmen into court, one Robert Greenshields, whose 
evidence, with the circumstances affecting it, formed a 
remarkable episode in the case. 

It appears that, in 1850, Messrs. James and George 
Thomson, of Glasgow, built a screw steamer named 
the Livorno (the Leghorn) for Messrs. MeKean, 
McLarty and Co., of Liverpool, who were engaged in 
the Mediterranean trade. Tuis could not 
have been a large one, as Greenshields gave the dia- 
meter of her stern bearing as “6 or 7 inches.” She 
is not now in existence, having been lost some years 
since in the Black Sea. Greenshields, it appears, came 
out with the ship, and was her chief engineer for 
several voyages. Her stern bearing was of cast iron, 
the wrought-iron shaft revolving within it, and she had 
an outer bearing in her rudder-post. Like other screw 
ships, the Livorno was greatly shaken by the thump- 
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ing of her shaft, which soon became worn in the stern 


bearing. According to Greenshields’s evidence, the 
thumping was such that the dishes on the cabin table 
were sent adrift, and the passengers could not lie 
quietly in their beds. In May, 1851, the Livorno was 
in dock at Liverpool, and Greenshields related how he 
fitted wood bearings, not in the stern tube, but in the 
rudder-post. ‘There were two cheeks, or uprights, at 
the sides of the outer bearing, and the latter was sup- 
ported by cottars, or keys, drivemtransversely through 
slots in these uprights. Greenfields testified that he 
had for some time thought of g wood bearings to 
screw shafts, and he found hisj@pportunity at the date 
just given. He and the shipfs carpenter, a Mr. 
McCremmin, as we caught th@*name, went to Mr. 
Young, who was Messrs. Jack #fid Co’s. foreman, and 
thence to their pattern-maker,"®ne Thomas Carcell, 
who blocked out two pieces of swell oak,” and these 
Greenshields and his second:@mgineer fitted to the 
rudder-post end of the screw shaft, supporting the wood 
blocks G the cottars driven a¢foss, above and below. 
The blocks were stated to bey ‘perhaps, ? in. apart 
where they approached each otlier at the sides of the 
shaft. This was to allow for wear and for the access 
of water. 

Greenshields, by his own account, had actually 
made both a drawing and a model of his wood bear- 
ings, but he could not say what had become of them. 
He believed he had given the drawing to his brother, 
who went to Spain. He. had. thought: of sending. his 
model to the Great Exhibition of 1851, but he could 
not and, indeed, would not say what had become of 
it, except that “perhaps he lighted the fire with it.” 
However, he stated that the wood bearings worked 
exceedingly well, and although they were in the rudder- 
post, and could hardly have affected the stern tube, 
they stopped the thumping, delighted the passengers, 
comforted the stewardess, and so gratified the owners 
that Mr. McLarty promised the successful inventor a 
rise of 2/.a month in his pay. When the Livorno 
reached Gibraltar, Greenshields asked the first officer 
to shift the ship’s cargo, so as to heave her down by 
the head, and he and “ some sailor men” went round, 
in the captain’s gig, and had a good look at the wood 
bearings in the rudder-post, which were yet in perfect 
order. Indeed, after this submarine inspection he 
ceased to feel any concern about the bearings, and he 
even stated that he never thought of them afterwards. 
We do not wish to make light of his evidence, for it 
was given most circumstantially and, apparently, with 
conscientiousness. All his statements pieced together 

—and he was severely cross-examined by Mr. Aston— 
and few, hearing only his testimony, could fail to believe 
it. But there was much to cast doubt upon it, and 
so conflicting was the testimony against it that the 
Vice-Chancellor observed, in giving judgment, that 
the duty of deciding between the witnesses was very 
painful. Mr. McLarty, with whom only of the owners 
Greenshields stated he had ever consulted as to 
repairs, died last year; but Mr. Lamont, a former 
partner of the firm, stated that, at all events, Green- 
shield’s never received the rise of 2/. a month in his 
wages. Besides, the owners had their consulting 
engineer, Mr. Douglas Hebson, the well-known engi- 
neer of Liverpool, the same, by the way, who once 
came near stopping the Galway Company’s great steam 
ship, the Adriatic, on an injunction to restrain an in- 
fringement of his patent for the drag link, previously 
patented, however, by James Montgomery. Mr. Heb- 
son was constantly about the Livorno, at the time 
mentioned by Greeushields, directing her repairs, and 
his diary was fully entered up as to dates, &c. He 
never heard of the wood bearings, nor could Messrs. 
Jack, whose man Carcell, it was alleged, had blocked 
them out, say anything as to their application. Car- 
cell, too, was dead. But there were others whose 
testimony was important. Greenshields did not remain 
long with the Livorno, and in 1852 John Taylor be- 
came her chief engineer. He has given evidence that 
he had occasion. to lift the cap of the rudder-post bear- 
ing of the Livorno, not long after he took charge, and 
that it was of cast iron, and that he had no reason to 
suppose that the lower block was not also of cast iron. 
Murdock Gammell and William Ireland, second and 
third engineers, who helped to take off the cap, found 
that it was of cast iron, and not of wood, although 
they appear to have judged of this by the way in 
which the chief engineer handled it. 

But, besides, Mr. Knight, of Messrs. Penn’s esta- 
blishment, gave evidence as to a case which would go 
to show that if the shaft had thumped in the stern tube 
it would have soon destroyed wood blocks placed only 
in the rudder-post. A serew ship, the Odessa, was 
placed in Messrs. Penn’s hands for repair, and Mr. 





Knight put lignum vite bearings in the rudder-post, 
leaving the shaft to run in the usual manner in the 
stern tube. After a considerable period of service 
she returned to them, with the journal of the shaft 
worn down 3th in. in diameter, and the stern tube worn 
out .9;th in., making a play of 43th in. inall.. The wood 
in the rudder-post had altogether disappeared. It was 
believed that it could not have fallen out bodily, but 
must have been destroyed by blows. To test this sup- 
position;:Mr. Knight took a piece of sound lignum 
vite and gave it half a dozen blows under the steam 
hammer. It was, for the “most part, crushed into 
powder, the remainder having its fibre destroyed and 
reduced to the condition of rotten wood. The remains, 
as also the sound piece of lignum vite from which the 
shattered piece had been originally cut, were exhibited 
in court, as were also the pieces of wood which Mr. 
F. P. Smith experimented upon, under Mr. Penn’s 
directions, in 1854. It seemed but reasonable to be- 
lieve that had wood blocks been put into the Livorno’s 
rudder-post while the stern bearing was already loose 
and thumping in an ordinary cast-iron stern tube, the 
former would have shared the fate of those similarly 
applied in the Odessa. Again, there was another cir- 
cumstance which threw doubt upon the use of wood 
bearings in the Livorno’s rudder-post. There were, 
according to the evidence, but two channels for the 
admission of water to the journal: Now, a bearing so 
small even as six or seven inches in diameter would 
require five or six channels for the admission of water 
to carry off the heat. Mr. Wigzell, now of Bradford, 
but formerly with Messrs. Penn, had tried an experi- 
men to determine this point. He applied the force of 
a 10-horse engine to drive a shaft surrounded by a 
wood bearing with no channels for the entrance of 
water. Although this was a small shaft, it was driven 
at the surface speed of the Warrior’s shaft, which is 
224 in. in the bearings, and it was loaded to the same 
weight per square inch. When immersed in water 
and put into revolution, the shaft seized its bearing 
and stuck fast in three minutes. With channels, how- 
ever, in the bearing, as in the usual wood-lined stern 
tubes, the same shaft ran freely as long as it was 
thought worth while to continue the experiment. 

Altogether, the evidence of witnesses and of experi 
ments was directly against Greenshields’s testimony, 
and the Vice-Chancellor could not take it into his 
judgment. Besides, had Greenshields done what he 
represented, it was done without publicity ; and it is, of 
course, a question whether, in any case, the previous use 
of two blocks of wood, for the outer bearing only, would 
preclude Mr. Penn’s claim for his mode of applying 
wood. His claim as it stands would, upon the sup- 
position of the public use of wood by Greenshields, be 
too broad as covering generally wood bearings for 
propeller shafts, and it could, we presume, be amended. 

It was further alleged by the defendants that the 
Austrian war steamer the Radetzky, built by Messrs. 
Wigram and Sons in 1852, had wood bearings to her 
screw shaft. The engines of this ship were constructed 
by Messrs. Maudslay, Sons, and Field ; and Mr. Sells 
and Mr. Warriner, connected with that firm, gave 
evidence that the Radetzky’s original bearings were of 
the kind in common use prior to the date of Mr. 
Penn’s patent. 

The iindanis relied, too, upon the long-known use 
of wood for the bearings of water-wheels. The appli- 
cations were not alike, however: the water-whecl 
gudgeons revolved only very slowly and out of water; 
and in the nine mills cited by the defendants, where 
wood bearings for water-wheel gudgeons were in use, 
Mr. Penn’s Glasgow agent, Mr. Archibald D. Hamilton, 
had visited every one of them, and found that the 
gudgeons were lubricated by tallow. Most of the wit- 
nesses, and especially Mr. James Hunter, who had been 
a millwright for forty-three years, gaveevidence to show 
that however the use of wood for water-wheel gudgeons 
might suggest, it could not guide the application of 
wood bearings to screw shafts. Indeed, as water, 
wheels were made heavier and heavier, the millwrights, 
who had resorted to wood as a matter of convenience, 
found it necessary, or, at all events, expedient, to adopt 
metal bearings. : 

The defendants relied, furthermore, upon certain 
patents and provisional specifications prior to the date 
of Mr. Penn’s patent, as having anticipated the use ot 
wood bearings, net particularly for serew shafts, but 
for machinery generally. These patents and specitica- 
tions were those of Marcus Davis, No. 59, a.p. 1852; 
W. G. Craig, No, 1487, a.p. 1853; Davis, No. 1599, 
A.D. 18538; J. G. Bodmer, No. 1542, a.v. 1854; and 
Durant, No. 1992, a.p. 1854. We have examined 
these specifications ourselves, and can quite concur in 
the pt of Mr. Carpmael, Mr. Bramwell, Mr. F. P. 











May 4, 1866.] 


ENGINEERING. 


285 








. 
Smith, and others, that they are altogether foreign to 
the subject ; and it is, indeed, difficult to understand 
how any one could produce such evidence on such a 
case. 
The Vice-Chancellor. reserved his judgment from the 
conclusion of the hearing of the case, on Friday last, to 


Tuesday morning, and the following is an abstract of 


his decision : 

The Vice-Chancellor said that the issues which were raised 
in this case were the usual issues raised in such cases, with the 
exception of the third issue, viz. whether the invention was the 

roper subject matter OF letters patent, which was in a very 
novel form. The other issues, viz. novelty, sufficiency of speci- 
fication, and infringerhent, were the ordinary and common 
issues. With regard tothe question of novelty, the plaintiff had 
launched his case in an extremely favourable way to the case 
which he had to support, and it had been left totally uncontra- 
dicted by any scientific witness. His case was that the bushes 
or bearings were originally formed either of cast iron, with the 
shaft working on it, or the shaft was covered or sheathed with 
brass, and then made to work on cast iron, a combination between 
two metals either the same or distinct, but metal working on 
metal. The plaintiff said that the general nature of his inven- 
tion consisted in employing wood in the construction of bearings 
and bushes for the shafts of screw or submerged propellers. 
Witnesses of the highest reputation in their profession had been 
called, who spoke to the value of the invention, about which, in 
fact, there could be little doubt; and it had been proved that 
wood had never been used in any way for such bearings anterior 
to the date of the patent of the plaintiff, with the exception of 
the steamship Livorno, as to which the evidence of Mr. Green- 
shields, the engineer, went to show that wood had been used for 
the bearings, and who said that he had had drawings and a 
model of the shaft and bearings, but who (notwithstanding the 
importance of such a matter) said that he could find neither 
drawings nor model, nor, in fact, did it appear that any person 
had ever seen them. With regard to the question of novelty, 
there was the evidence of Mr. Carpmael and Mr. Woodcroft, 
who were gentlemen of considerable experience in such matters. 
Besides, there was the evidence of Mr. Bramwell, the Chief 
Engineer of the Portsmouth Dockyard, Mr. Galloway, the 
Engineer of the Board of Trade, Mr. Partridge, the Assistant 
Engineer at Woolwich, and Mr. Baker, the Engineer at Chatham, 
who all most strongly corroborated the case of the plaintiff. 
Besides that evidence, there was the engineer of the Warrior, 
and also Mr. Ravenhill and Mr. Samuda, all of whom said this 
was an improvement of the most valuable nature, and this was 
further shown by the fact that no less than fifty-one firms had 
paid royalty to Mr. Penn. The defendant, in raising the point 
of novelty, had said, ‘* What have you done that isnew? You 
have simply made the bearings for the axle or revolving shaft of 
wood. That was done, long before the date of your patent, in the 
bearings of water-wheels, and done upon the very principle 
which you adopt. You say that you do not want anything to 
preserve the wood from frietion by means of lubrication in its 
proper and ordinary sense, because the water keeps it cool, so that 
all danger arising from friction is avoided, as well as the wear 
and tear produced by friction remedied. ‘That is what you have 
done, and that is what has, been done for a great number of 
years in water-wheels.” His Honour said the real question was, 
Was that such a prior user as would preclude the plaintiff from 
taking out a patent in respect of novelty ? and it appeared to him 
that, with regard to that singularly framed issue whether it 
was the proper subject matter of a patent, it was not. It ap- 
peared to him that it would, as a matter of course, be the proper 
subject matter of a patent if it was a novel invention, as in his 
opinion it was. A water-wheel or a grindstone was a very dif- 
ferent thing from a screw propeller. Engineers had known of 
its application in such cases, yet they had never thought of 
applying it to a screw propeller, probably in consequence of the 
great difference in the diameter of the axis of a water-wheel 
from that of a propeller, and the difference of weight which 
would have to be sustained. ‘The question which the court had 
toask itself was, would the knowledge of its existence in the 
case of water-wheels point to its application for screw propellers, 
or was it possible that you could have taken the simple device 
ot the water-wheel, have applied it to a screw propeller, and have 
made it work in the same way as the plaintiff’s patent had done? 
For anybody to say that the knowledge of its application to 
water-wheels would lead to such a construction as that, appeared 
to him to be a very bold. proposition, and, in fact, not a witness 
called vpon the part of the defendant (including the defendant 
himself) had said that in his judgment the existence of such a 
state of things with regard to water-wheels would have led any- 
body to apply it to screw propellers. His Honour said that it 
appeared to tin idle to contend for such a proposition as that. 
Several patents had been put in evidence by the defendants, but 
he did not think they made at all against the case of the plaintiff. 
As in science the man discovers who proves, so in art, the man 
discovers who effects. The plaintiff said, ‘*I am going to do 
something that has never been done before ; wood has never been 
employed before; I have found out a way of using it advan- 
tageously, and I will tell you the method of doing it by my speci- 
fication.” As to the question of whether the invention had been 
anticipated by the use of wood bearings, as they were said by 
the defendant to have been applied to the ship Livorno, if every 
part of the case had been proved in the manner alleged by the 
witnesses of the defendant who spoke to that matter, if every 
particle of it were to be taken for granted, if it were proved 
distinctly, so that the court could uct on that proof, that the 
two blocks of wood described by the witnesses were deliberately 
taken and scooped into wooden bearings by two cylindrical 
Scoopings, and a place left between the two for the purpose of 
allowing the water to ercolate, and if that had been done openly 
at a shipwright’s yard, by the direction of the chief engineer of 
the vessel» without any pledge of secresy upon the part of any 
Person, that might have been a good argument against the 
Validity of the plaintiif’s patent. ‘The evidence upon that point, 

Owever, was not sufficiently strong, and it had been contradicted 
by the plaintiff's witnesses. His Honour, having commented at 





Considerable length upon the evidence which had been adduced 








on either side, said that, having well considered the whole matter, 
he thought the plaintiff had established his case in a manner 
which must be satisfactory to any person who had to come to a 
determination upon the questions which had been raised, there- 
fore he would find for the plaintiff upon all the issues, viz. that 
the invention was new at the date of the patent; that the speci- 
fication was sufficient; that the invention was the proper sub- 
ject matter of a patent; and that there had been an infringement 
of the patent. 

As we have already said, the defendants have given 
notice of motion for a new trial. In the case of which 
we have given an account, Mr. Rolt, Q.C., Mr. Grove, 
Q.C., Mr. Cotton, and Mr. Theodore Aston appeared 
for the plaintiff; Sir Hugh Cairns, Q.C., Mr. T. 
Webster, Q.C., and Mr. Kay were for the defendants. 


ADAMSON’S DRILLING-MACHINE. 

In the course of an article on the joints of loco- 
motive boilers, in our last number, we alluded to the 
practice followed by Messrs. Adamson and Co., of 
Hyde, of drilling the rivet holes in the boilers con- 
structed by them after the plates had been put together. 
About four years ago Mr. Adamson, in conjunction 
with Mr. Levi Leigh, patented a peculiar arrangement 
of drilling-machine specially adapted for drilling the 
holes in the transverse joints of boilers, and in this 
machine he has since introduced improvements which 
have also been patented by him. ‘The improved 
machine consists of a large circular bedplate, above 
which, supported by four columns, is placed an upper 
plate carrying the driving gear of the machine. A 
hollow central column is fixed to the lower bedplate, 
and around this column are placed two tubes, the 
outer one having cast upon its lower end a circular 
table furnished with radial atms upon which the rings 
of boiler plates which are to be drilled rest. Thé tube 
just mentioned has also a table formed upon its 
upper end, and between this table and a plate 
placed above is held a ring which is connected, by 
arms passing through slots in the column, with the 
nut of a screw, which passes down the centre of the 
column, and is furnished with a bevel-wheel at its lower 
end. This bevel-wheel is connected by means of a 
horizontal shaft and bevel gear, with a hand-wheel at 
the side of the machine, and by this arrangement the 
tube on which the table supporting the boiler-plates is 
formed can be adjusted vertically to any desired height. 
The plate which we have mentioned as being placed 
above the top table of the tube is provided with radial 
arms which bear against the inside of the boiler-plates 
just above the joint being drilled, and prevent them 
from being pushed out of place by the pressure of the 
drills. Between the central column and the tube 
carrying the tables is another tube, to the lower end of 
which a worm-wheel is keyed. The worm gearing into 
this wheel is fixed upon the same horizontal shalt as a 
dividing wheel placed at the side of the machine, and 
by turning this wheel therefore, the tube, and with it 
the outer tube and the arms supporting the boiler- 
plates, can be turned round through any desired 
distance. 

We must now describe the drilling arrangement. In 
the bedplate of the machine are formed a series of 
radial grooves (twelve being found to be a convenient 
number), which serve as guides for a corresponding 
number of short columns, each similar to that of the 
slide rest of a wheel lathe, disposed around the plates 
being drilled. Hach of these columns has fitted to the 
top of it a slide carrying a horizontal drill spindle, the 
drill being directed radially against the joit of the 
boiler plates. The slides at the tops of the columns 
give the power of feeding each drill forward to its 
work, whilst the radial grooves in the bedplates enable 
the columns to be set at various distances from the 
centre, to suit different-sized boilers. 

We have said that the machine has an upper frame 
supported at a considerable height above the bedplate 
by four columns: this bedplate carries a number of 
radial countershafts placed one directly over each 
drill spindle. On each countershaft is a strap pulley, 
from which a strap is led to another pulley fixed upon 
the corresponding drill spindle; the pulleys on the 
countershaft slide on feathers in the shafts, so that 
they can be adjusted radially to the various positions 
of the columns supporting the drill spindles. Besides the 
countershalts, the upper frame of the machine also 
carries at its centre a short vertical shaft furnished 
with a bevel wheel at its upper and another at its 
lower end, The lower bevel wheel gears into bevel 
pinions placed one at the inner endjof each radial counter- 
shaft, whilst the upper bevel wheel is driven by a bevel 
pinion keyed upon a horizontal shaft, which also 
carries the speed pulleys for regulating the speed at 
which the drills are worked. 


drilled are placed upon the supporting arms, and are 
adjusted vertically, by means of the screw within the 
central column, until the centre of the joint, formed by 
the junction of the rings, is in a line with the drill 
spindle. As many holes as there are drills can then 
be drilled through it simultaneously, and after this has 
been done and the drills withdrawn, the rings can be 
turned round for a distance equal to the pitch of the 
rivet holes, and the operation repeated. By thus 
drilling the holes through both the plates of a boiler 
joint after they have been put together, all drifting and 
riming is of course rendered unnecessary, and a much 
better class of work can be turned out than when the 
old system of punching the plates separately is followed. 





WOOD BEARINGS. 

AutuouGH Messrs. Maudslay, Sons, and Field were 
not the first to actually use wood bearings for the 
shafts of screw steamers, we believe that, indepen- 
dently of Mr. Penn’s invention, they were about to do 
so at the time his patent appeared. A dozen years 
ago, Mr. George D. Kittoe, now of the firm of Messrs. 
Kittoe and Jackson, of Compton-street, Clerkenwell, 
occupied a responsible position under the Messrs. 
Maudslay, that of superintending the placing of en- 
gines on board ship, and working them upon their 
trial trips. In working the screw engines of H.M. 
steam vessel Tribune from London to Sheerness, ke 
found the screw bearing become very hot, and that a 
soapy leakage inboard was constantly going on, the 
liquid having a metallic lustre on its surface, showing 
active wear. Mr. Kittoe, years before as a boy, had 
seen at Messrs. ‘Tassell’s paper mill at Malling, Kent, 
the gudgeons of a heavy water wheel running in a 
bearing of beech wood, the pressure being on the end 
of the grain, and the bearing being kept constantly 
wet by a stream of water. The bearing had no cap, 
and the gudgeon was as bright as polished steel. On 
the occasion of the trial of the Tribune the application 
of wood bearings to the screw shaft pecan to him, 
and he suggested it on his return to London, to the 
late Mr. Joshua Field. Mr. Field gave the matter 
much consideration, and even paid a visit to Malling to 
see the wheel in question, On the trial of the Majes- 
tic, in 1854, further trouble was experienced with the 
stern bearing, and the subject of wood bearings was 
revived. Mr. Kittoe proposed to fit them in the 
stern tube in segments, in the manner shown in the 
illustration, chamfering the edges of the segments so 
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as to leave channels for the circulation of water. The 
segments were to be of beech wood, with the end of 
the grain to the shaft. Mr. Kittoe described this in- 
tended application to the late Mr. Dinnen but a few 
weeks before the date of Mr. Penn’s patent and it was 
not until that time that Messrs. Maudslay had deter- 
mined to adopt wood bearings. We must accord an 
amount of credit to Mr. Kittoe for his plan, but as it 
had not been adopted in practice prior to November, 
1854, the circumstance does not effect the question of 
the validity of Mr: Penn’s patent. 





Smoke Preventrion.—At a late meeting of the Town 
Council of Stockton-on-Tees, a town famous for its smoke, a 
resolution was passed to take legal proceedings against the 
North Eastern Railway Company if they did not put a stop to 
the smoking of their locomotives. At a later part of the meet- 
ing Mr. Trowsdals again referred to the same subject. They 
had only dealt with one portion of the matter, and he was of 
opinion they should take some steps with those who consumed 
couls at the works and manufactories, and do their best as a 
Beard to abate the nuisance. He was convinced that to those 
who burn coal it would be a saving of at least one-third of the 
fuel by using an apparatus to consume the smoke, for at least 
one-third of the heat was wasted by allowing the smoke to 
escape without being consumed. For himself he could not 
regard it as a hardship that those who used coal should be com- 
pelled to economise. He moved that all the proprietors of works 
using coal have notice to adopt measures for the consumption 
of their smoke. ‘The smoke, he would contend, could be con- 
sumed in any ordinary furnace if it was properly constructed. 
He tlien moved that notice be given to all parties using coal for 
engines, manufacturing purposes, &c., to consume their smoke. 





In using this machine the rings of plates to be 


The resolution was passed. 
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MESSRS. COLLIER’S BORING-MACHINE. 


Tue great increase which has, during the last few years, 
taken place in the size of our marine engines and other ma- 
chinery has rendered necessary the employment of tools of a far 
heavier description than those formerly used. Of such tools 
we have already given several excellent examples in the present 
yolume, and to these we now add a large vertical drilling ro boring 
machine, constructed by Messrs. William Collier and Co., of Sal- 
ford. The ——- of this machine, on page 286,which have 
been prepared from a pe kindly furnished by Mr. James 
Fletcher, represent a front and side elevation of it, and clearly 
show its general arrangement. The bed of the machine is 18 ft. 
in length, and is furnished with V grooves similar to those of a 
planing-machine, upon which slide three tables for carrying the 
work to be drilled or bored. The central table is 6 ft. long, and 
each of the others is 2 ft. long: they can all be shifted along the 
bed by means of a rack and pinion movement. The central 
table has a slot in it, 2 ft. long, through which the boring-bar 
can pass. 

an end the bed is increased in width, and upon the part 
so widened are erected a pair of strong standards which support, 
by means of across frame, the boring machinery, The shape 
of the standards will be seen from the side elevation. The main 
spindle is of wrought iron and is 9 in. in diameter: it is carried 
by two bearings, one level with the underside, and the other with 
the upper side of the cross frame, which is deepened in the 
centre. The boring bar inserted in the socket at the lower end 
of the spindle, passes down through the central table, and is 
steadied by running in a bush placed in a strong stay attached 
to the bed. ‘The spindle is driven by a bevel wheel fixed upon 
it just above the lower bearing, this wheel being geared into by 
a pinion keyed upon a horizontal shaft placed as shown in the 
engravings. The shaft just mentioned carries a set of cone 
pullies; and it, and a countershaft placed above it, are furnished 
with gearing similar to that fitted to the headstock of a lathe, 
so that the machine can be run either in single or double gear as 
may be desired. The machine is driven by a Gin. belt. The 
cross frame, with the whole of the boring apparatus, can be 
raised or lowered, it being secured to the side standards by bolts 
passing through slots in the standards, as shown in the figures. 

The spindle has a vertical traverse of 8 ft., the feed move- 
ment being effected as follows: The apex of the spindle is pro- 
vided with a crosshead, the arms of which carry a pair of nuts 
working on a couple of screws placed one on each side of the spindle 
above the cross frame. One of these screws is right and the 
other left handed, and the nuts are coupled so as to work together 
by means of spur wheels formed on them, as shown in the 
engravings. ‘The nuts are driven by a pinion which gears into 
one of them, and which is carried by a vertical shaft passing 
down on one side of the screws. At the lower end of this shaft 
is a spur wheel, into which a pinion, fixed upon arother vertical 
shaft, gears ; this last shaft is driven from the main spindle by spur 
gearing and a friction-box, the latter giving the power of vary- 
ing the amount of feed. For raising the spindle quickly, the 
shaft just mentioned is furnished with a bevel wheel, driven by 
a bevel pinion fixed upon a horizontal shaft carrying a pair of 
fast and loose belt pulleys. By using this arrangement, which 
is shown in the front elevation, the spindle can be readily raised 
when the machine is at rest; the feed gear being of course dis- 
connected. The total weight of the machine which we have 
described, and which appears very simply and effectively ar- 
ranged, is nearly 40 tons. One of them has been supplied to 
the Dennystown Forge Co., of Dumbarton, by Messrs. Collier, 
who had previously made a similar machine of slightly less 
dimensions. 








Tue Institution oF CiviL ENGINEERS.—At the meeting 
of the members of this society, on Tuesday evening, the Ist 
instant, Mr. John Fowler, president, in the chair, five members 
and eleven associates were balloted for and declared to be duly 
elected; including, in the former class, Mr. James Richardson 
Forman, Glasgow; Mr. William Husband, Hayle, Cornwall; Mr. 
‘Thomas Meik, Chief Engineer to the Harbour and Docks, Sun- 
derland; Mr. William Richard Morris, Resident Engineer to the 
Kent Waterworks Company; and Mr. James Muir, Chief Engi- 
neer to the New River Company. And in the latter class; Mr. 
Henry Bessemer; Mr. William Brookes, Chancery-lane; Mr. 
Rowland Brotherhood, Chippenham; Mr. Joseph Green Cooke, 
Locomotive Superintendent of the Imperial Mexican Railway, 
Vera Cruz; Mr. John Cundy, Surbiton; Mr. Frederick George 
Finch, B.A., Blaenavon Iron Company; Mr. Charles Goolden, 
M.A., Farnley Iron Company ; Mr. Henry George Clopper Ket- 
chum, St. John’s, New Brunswick; Mr. William Carey Leech- 
mnan, Hultsdorf Mills, Ceylon; Mr. Marcus Smith, late of the 
Cape of Good Hope; and Mr. Matthias Erasmus Wesley, West- 
muster. The number of members of all classes now on the 
register of the Institution is 1338, as against 1289 at the 1st of 
January last. The number of elections into the Institution 
Since its first establishment in 1818 has been 2138, from which 
appears that about 623 per cent. of all those who have joined 
the Institution still belong to it. 

FALL or A KaiLway Bripce.—A new bridge over a deep 
chalk Cutting on the Peckham and Sutton extension of the South 
Coast Company fell on Saturday, killing six men. The bridge 
— to have been of 80 ft. span, and, to save expense of scaf- 

dlding, éc., the chalk was merely cut down so as to form a 
Support for the centering. When the brickwork was laid there 
po only one foot between it and the chalk. Some four or five 
Fe galleries, about 4 ft. deep, were cut through the top 
nh € chalk, to enable workmen to get at and strike the centre- 
Teese point the brickwork. The centering was struck on 
sone ‘ay week, and the men were in the little galleries ——s 
‘ point the brickwork on Saturday, when the bridge fell. A 
note in the galleries were killed with the exception of one, 

amed John White. White states that neither he nor any of 
chk eae had any apprehension of danger. He felt a puff of 
he = then the whole bridge fell in. He was buried, but 
oo Sut, and found no traces of the others. He shouted, and 
of the ealk who, in the course of two hours, got six bodies out 
pn a quite dead. It is stated that the cause of the 

ing th phe was the action of the rain on Saturday last weaken- 

“6 the abutments, the brickwork of which had not had suffi- 
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In all large steanf vessels the ashes from the boiler fires 
represent a considerable quantity of refuse to be got rid of; this 
is ordinarily done by hoisting them up in buckets and throwing 
them over the ship’s side, a mode of proceeding which dirties 
the decks and gives rise to much inconvenience. The apparatus 
which we illustrate by the accompanying engravings has been 
designed by Mr. John Palmer, of errol, to obviate this by fur- 
nishing a means of discharging the ashes, &c., directly through 
the bottom of the vessel. The arrangement, of which Fig. 1 is 
a vertical section, consists of a cast-iron cylinder for receiving 
the ashes, communicating at the lower end with a brass valve 
chamber. fixed to the skin of the vessel.. The top of the receiving 
cylinder is fitted with a cover, secured by a crossbar and cen- 
tral screw, and furnished with a proof cock, the use of which 





Sent time to set. The inquest has been adjourned. 





will be explained presently. The joint between the cylinder 
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and cover may be made good by an india-rubber ring. When 


PALMER’S REFUSE-DISCHARGING APPARATUS. 
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the central screw is slacked back, the cover is rai 


crossbar, with the cover, can then be turned on one side, as 
shown in the plan, Fig. 2, leaving the top of the cylinder clear. 
A short distance below the cover is a grating, 
ledge within the cylinder, as shown in Figs. 

ating prevents larger clinkers than will pass freely through 


the apparatus from passing into the cylinder. 


leading from a force pump and furnished with a cock, is 
joined to the cylinder just above the lowe: 


on the left-hand side of Fig. 1 and in the ~ 
is used for washing down the cylinder an 
discharge. : 
As we have already stated, the lower end of the cylinder rests 
upon a brass valve-box. This box contains a flap-valve closing 
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against the lower end of the cylinder, and a sluice-valve placed 
close to the skin of the vessel. The flap-valve is supported by 


an arm fixed upon a shaft which passes through the sides of the | 


valve-box, and is provided with a lever and counterweight, as 
shown by Fig. 1. 
open is drawn in dotted lines. The sluice-valve is opened and 
closed by means of a pinion gearing into a rack formed on the 
underside of the valve; when open, it is withdrawn into a 
chamber formed on one side of the lower part of the valve-box 
to receive it. Although this valve is not essential to the work- 
ing of the apparatus, it is added as an extra precaution against 
accident from leakage; it gives all the seeurity of a Kingston 
valve. ‘The valve-box is fitted with a connexion for a pipe lead- 
ing from an air-pump, this connexion being furnished with a 
flap-valve at its inner end, as shown in Fig.1. All the valves 
are brass. 

The manner in which the apparatus is used is as follows: 
Supposing the parts of the arrangement to be in the respective 
positions shown in Fig. 1, the sluice-valve should be first opened, 
and, the air-pump being set to work, the water wonld be driven 
out of the valve-box. The proof-cock fitted to the caver of the 


cylinder should be next opened; this would test the tightness of 


the flap-valve, and, the handle of the cock being turned down, 
would allow the handle of the central screw to be turned round 
and the cover thus released. This being done, the cover and 
crossbar can be slid on one side, and the cylinder filled with 
ashes or other refuse. The cover should next be replaced and 
properly secured, and the water from the foree-pump should 
then be turned on, by means of the cock at the side of the 
cylinder, until the pressure is equal above and beiow the flap- 
valve. That valve can then be opened, and the contents of the 
cylinder allowed to fall into the sea, After the escape of the 
materials from the cylinder, the counterweight closes the flap- 
valve. 

In Fig. 3 we give a section of an air-pump adapted for use 
with the apparatus we have been describing. It consists simply 
of a cast-iron cylinder open at the top, and having brass valve- 
seats fitted to its lower end. The piston is of cast iron, and is 
furnished with a short piston-rod working through a guide fixed 
across the top of the cylinder. The piston is driven by means 
of a connecting-red coupled to the engines of the vessel. The 
arrangement of the valves, which are of the ordinary conical 
form, will be readily understood from the engraving: it will be 
seen that the outlet-valve, which opens downwards, is supported 
by a light spiral spring placed around its stem. The discharging 
apparatus has been used on the Caridad, a Spanish merchant 
steamer, of which Mr. Palmer was the chief engineer, and it is 
now being fitted to some of the vessels of the Spanish navy. In 
America it has been extensively applied under the patent of 
Messrs. Brown and Brooks. Mr. Palmer has, however, now 
obtained an American patent which cancels that just mentioned. 
Our illustrations were prepared from drawings furnished by Mr. 
M. A. Soul, who is Mr. Palmer's representative in this country. 


THE 7-INCH PALLISER GUN. 

To tne Eprror or ENGINEERING. 

Sin,—With reference to a statement which appeared in yours, 

s well as other papers, of last Saturday, I beg to inform you 
that the false breech which was lately blown off my 7 in. gun 
was not prepared in accordance with the drawings I supplied. I 
was absent in Ireland at the time this operation was performed, 
and did not know that my plans had not been carried out. When, 
however, I became aware ot the manner in which the breech had 
been screwed in, I was surprised at its having held on so long, 
and not at its having broken off. I much regret being obliged, 
in consequence of Mr. Parsons’s attack, to make this statement 
in self-defence, since my plans have always been carried out with 
such scrupulous care and attention. An accidental omission, 
however, defined a weak spot, and the result was that the breech 
broke there. I beg to refer you to a letter of mine which ap- 
peared in the Mechanics’ Magazine of the 17th November, 1865, 
in reply to a previous attack of Mr, Parsons, in which, at great 
length, 1 pointed out and illustrated “the remarkable loss of 
strength entailed by cutting a groove round the inside of the 
breech of a gun.” The accidental omission of carrying out my 
plan, which was to have continued the screw thread right through 
the breech, and thereby to have transferred the longitudinal 
stretch, due to the émpulsive strain of the discharge, from the 
screwed part to the thinner walls of the gun, resulted in the 
gun being parted by a fracture which passed through the screw 
thread precisely as illustrated by Fig. 2 in that letter. 

I deny that the gun lately taken to France was an invention 
of Mr. Parsons. It was nade long after my guns were prepared 
and tested in this country, and, as I have already shown was a 
direct copy of them in some of its most vital features. More- 
over, it was the great success of the previous trials of my guns 
which enabled Mr. Parsons to obtain a trial in France of what 
was, in my opinion, but a bad imitation of my guns. Had it 
been tried with a barrel of coiled wrought iron instead of steel, 
it would most undoubtedly not have burst with 264 lb. of powder 
and 132 |b. shot. 

It is now nearly twelve years since I made cast-iron guns 
lined with wrought-iron coiled barrels, and, as yet, I see no rea- 
son to alter the views I then evtertained, that it is the cheapest 
as well as most efficient method of constructing cannon of an) 
size. ; ' 

I have the honour to be, Sir, your « bedient Servant, 

W. Paulsen. 
Army and Navy Club, May 1, 1866. 
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A TRANSCENDENT INVENTION IN SteAM.—On page 
(EXGtneerineG, April 13th), we noticed the wonderful inven- 
tion of a Mr. Danford, who bas re i the old plan of flash- 





ing water, in small quantities, into steam, and admitting this to 
the piston at the instant of its pre tion. Mr. Dantord has 
secured his English patent through Mr. A. V. Newton, and any 
one interested in the matter can purchase it at the Great Si al 
Patent Office. The patent is dated May 6th, 1865, number 
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1264. * The contrivance will, we fear, be very short-lived. 





The position which the valve occupies when | 


ENGINE 
| AMERICAN AND ENGLISH MEN-OF- 
WAR. 
To tHe Eprtor or ENGINEERING. 

Srr,—I wish to offer a few remarks on a subject 
which is attracting attention in your paper, and for the 
ventilation of which you imvite discussion. I refer to 
the subject of American monitors, as compared with 
broadside ships of war, in their power to resist and to 
inflict injury in action. 
| With regard to the comparative resisting powers of 

the two classes of vessels, that does not require many 
words to determine, if the armour of the one is twice 
as thick as that of the other, as the fact seems to be. 
With such a disparity, it is plain that a shot which 
would just pierce the 6-in. armour and 9-in. oak back- 
ing of the Bellerophon would be unable to pierce the 
103-in. armour and 3 ft. oak backing of the Dictator, 
even if the low side of that vessel could be hit, which 
would be difficult. On that point nothing further needs 
be said. 

But the question which you have raised is, whether 
the side of the Bellerophon is not thick enough to keep 
out all the shot ever likely to be directed against it, 
our guns having apparently come up to the limit of 
size that any known material will stand. 

This argument seems to be much the same as if you 
were to maintain that more than a given load could 
not be lifted by a hydraulic press, because a press of a 
given diameter would not bear a higher pressure than 
had already been put upon it, however thick the metal 
of the cylinder might be made. 

In such an argument there is the obvious fallacy im- 
plied, that it is impossible to increase the upward pres- 
sure on the ram without increasing the strain on the 
metal of the cylinder; whereas, if we take any pressure 
per square inch which we know to be safe, and if we 
wish to raise a heavier load, all that we shall have to 
do is to enlarge the diameter of the cylinder, the in- 
ternal pressure per square inch remaining the same as 
before. Now this law holds also in the case of guns. 
We may have low-pressure guns as well as high-pres- 
sure guns, and with any given internal pressure per 
square inch we may impart any amount of vis viva to 
the shot that we desire by merely enlarging the diameter 
of the bore. 

It is true, as we enlarge the diameter of the barrel 
we must increase its thickness. But, while the pro- 
pelling area increases as the square of the diameter, 
the thickness of the barrel will require to increase as 
the diameter merely. We must also so adjust the 
weight of the shot to the area of the bore, that the 
stipulated pressure shall not be exceeded, and, with 
this provision, the metal of large guns will not be 
strained more than the metal of small guns, while any 


How any man, woman, or child can be found who is 
unable to discern the absolute necessity of the intro. 
duction of the monitor system into our navy I cannot 
conjecture ; for no one can doubt that if a monitor and 
broadside of equal size were to meet, the monitor 
would be unharmed, and the broadside vessel would be 
sunk or taken. Our sailors in such case would be 
working with halters round their necks; and is that 
a state of things proper to be tolerated in this coun. 
try? 

But you state that, even however large guns may be 
made, it will be better economy to have many of them 
in a ship rather than few of them, because, after all, a 
gun itself does not weigh very much, as compared with 
a ship, and it would be better to enlarge the ship a 
little more to carry this additional weight. Why, then, 
does not the Bellerophon, instead of ten guns in broad. 
sides, carry 110, as im our old ships of war? Simply 
because it would be impossible, without returning to 
sizes vastly greater than those which the Bellerophon 
was intended to supersede. You have not only to 
carry the additional guns, but the additional shot and 
powder, and the additional men required to work them, 
the additional weight of vessel required to support 
them, the additional weight of armour required to 
protect them, and the additional weight of engine and 
boiler required to propel all this increased weight at 
an unimpaired speed. Of course we all know that a 
very large vessel will be much more powerful than 
asmall one ; but the problem to be solved is, if we have 
to construct two vessels of equal size, on what con- 
struction we shall build each to make its powers of 
destruction to other vessels a maximum, with the 
minimum risk of injury to itself. My position is, that 
by the introduction of monitors the power of attack 
has been increased, and the power of sa also. If 
one of these vessels is a monitor and the other a broad- 
side vessel, which of them in any concerted duel will 
neeessarily win? And while others profit by this 
knowledge, we stand simpering by and practically 
ignore so momentous a fact, although the existence of 
our naval power hangs upon this very thread. It will 
be too late to begin to retrieve the error if we permit 
ourselves to be taken by surprise in this matter. 

Ships of war are not built in a day, and what mean- 
while Rates of our commerce spread over every sea? 
How, with intercepted communications, shall we even 
feed our starving people, now more dependent than 
formerly upon foreign supplies ? 

L am, Sir, your obedient Servant, 
A MemMBeEr oF THE INSTITUTION OF 
Crvit ENGINEERS. 








May 2, 1866. 





Tue VENTILATION or THE House or Commons.—Much 





desired penetrating force may be simultaneously ob- 
tained. How, therefore, can it be supposed that 6 or 
Sin. of armour is the limit of strength required to 
withstand the largest possible amount of penetrating 
ower ? and how can it be maintained that a vessel 
ike the Bellerophon, with no margin of strength even 
as opposed to our existing small and overstrained 
ordnance, would be secure from penetration when 
opposed to the large and unstrained guns of the 
Americans and other foreign powers ? 

Our largest guns are 13.3 in. diameter, and, with a 
charge of 70 lb. of powder, such guns are found to send 
shot through a greater thickness of armour and back- 
ing than those of the Bellerophon. But the Americans 
have guns of 20in. bore, burning 140 lb. of powder ; 
and if the powder be regarded as the measure of the | 
foree, which it will be nearly, then are there guns 
already existing in America of /vice the power of the 
strongest we yet have. 

You say you do not believe in the existence of these 
heavy charges, but does that alter the fact of their 
reality ? Would the Americans be likely to adjust the 
strength of their armour to a penetrating power that 
Was imaginary, and stop even at the high measure of 
penetrating power which they have already attained ? 

In power of guns we have always been behind them, 
and our next naval war would see a repetition of our 
old error of underrating their naval strength, but with 
this aggravation, that while our guns could not hurt 
their monitors at all, the guns of their monitors would 
pass through the high and thin sides of our iron-clads 
as easily as if they were built of cheese. 

Our artillerists, it seems to me, are going quite in 
the wrong direction in sending long bolts from their 
guns, which is virtually the same thing as filling them | 
up with bails to the muzzle, and the guns are thus so 
much overstrained that they frequently give way. But 
there is no reason why our opponents should imitate | 
this folly, and the Americans, by taking the opposite | 
course, reconcile strength with size and power. | 








has been read lately of the excellent system of ventilation carried 
out in the Houses of Parliament, but on the vote the other even- 
ing for the salaries and expenses of both houses, Mr. Ayrton 
said that, notwithstanding the enormous expenditure for coals 
for the Houses of Parliament, the House of Commons remained 
about the worst ventilated room in which he ever had the mis- 
fortune to sit. The atmosphere was particularly cold when it 
should be warm, and was particularly warm when it should be 
coal. The bad effect of the air upon members was such that 
they had continually to leave the House, and ‘a House of 
Commons headache” had become almost proverbial. That head- 
ache was supposed by some to be produced by the amount of 
gas burnt in the building, but it arose, in fact, from cold air 
being pumped in on the feet and legs, by which process the 
blood was forced into the head, and the result was a violent 
headache. Hon. members were obliged to leave their places to 
go and stand by the fire to warm themselves. That had been 
the state of things for the first two months of the session ever 
since he had been in that House. The Speaker had, he sup- 
posed, succumbed at last tu these evils, and it was to be hoped 
that something would now be done to remedy them. Where is 
Dr. Perey, and what has happened to the “ admirable arrange- 
ments” for ventilation ? 

Inptan Ramways.—The report of the directors of the 
Madras Railway Company gives many items of interest in con- 
nexion with Indian railways. The Madras line was not con- 
structed by coutract; it is believed to be one of the best made 
lines in India, and yet the cost of the South-West line and 
Bangalore branch, inclusive of rolling stock, is still under 11,0004. 
a mile. Considering the heavy work on many parts of the 
line, and that it ascends at Bangalore to a height of 3000 ft. 
above the sea, the result is satisfactory, and creditable to the 
engincers and the system under which the line has been con- 
structed. ‘The cost of the section of the North-West line upon 
which the revenue of the half year has been earned is under 
92002. per mile, inclusive of rolling st Upwards of 600 miles 
The cost of maintenance of way and works has 
ut the Bangalore a 

1é 


&bo 


ock. 
are now open. 
averaged 1692. per mile per annum; b : 
tid wholly with iron sleepers, has cost but 74/. per mile. 
shipment of materials, plant, and stores during the year 1 
amounted to 44,352 tons in seventy-five ships. ’ ‘ 
fue TELEGRAPH.—From Washington, the American capital, 


to Sult Lake City is a distance of 2500 miles. The cashier of 
spatch 


the First National Bank of Washington recently sent » in - 
o Salt Lake City at 10.30 A.M., and received a reply at 5.30 P.M. 
"There are few feats in the history of tele- 


t 
f the same day. 
of the same day in 


graphing that surpass this; the distance telegraphed over, 
both directions, being over five thousand miles. 
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UNDERTAKINGS BY PUBLIC COM- 
PANIES IN BOMBAY. 

Ir could not of course be expected that Govern- 
ment should hold forth to all companies, associated for 
the purpose of carrying out public undertakings in 
India, promises of a guaranteed minimum rate of in- 
terest on their capital, such as has been hitherto 
granted to the principal railway companies; but 
railways, especially in a country which, as may virtually 
be said of India, is held by the sword, may justly be 
considered imperial works, and therefore entitled to 
more support from the imperial exchequer than under- 
takings of a more strictly private or commercial in- 
terest. But, in order to draw out British capital for 
investment in so distant a land as India, it is doubtless 
desirable—if not absolutely necessary—that Goyern- 
ment should afford some assistance or encouragement 
towards the promotion of schemes having for their ob- 
ject the development of the resources of the empire. 
‘In lieu, therefore, of compliance with the standing 
orders which are required by Government. in this coun- 
try, the Government of Bombay has published a set of 
rules to regulate applications for grants of land, or 
other concessions, required by companies associated 
for the purpose of carrying out any public undertaking, 
project, or scheme within the Presidency of Bombay 
and its dependencies, of which the following are the 
leading pomts : : 

Notice by the promoters of any undertaking of their 
intention to apply to Government must be published 
in at least one English, one Gujarati, and one Marathi 
newspaper, and also in the Government Gazette; in 
the three above-named languages, at least four weeks 
before the application ean be received. If it be the 
intention to apply for powers that would affect existing 
rights or interests, such intention must be cleayly speci- 
fied in the published notices, and a written notice must 
be served on all parties whose rights are likely to_be 
affected by the proposed undertaking, four weeks be- 
fore any application to Government can be received, 

A plan, on a scale of not less than four inches to the 
statute mile, must be deposited in the office of the collec- 
tor of the district in which the said undertaking may be 
situated, four weeks before application is made ; which 
plan shall deseribe clearly the situation of the proposed 
undertaking, accompanied by a book of reference show- 
ing the situation of the lands or properties intended to 
be occupied, and of the adjoining lands and properties. 
The said plan and book of reference to be open to pub- 
lic inspection on all Jawful days, between the hours of 
10 am. and 4 p.m., without fee or reward. An esti 
mate of the expense of the undertaking, signed by the 
directors or promoters of the company, must also be 
deposited with the aforesaid plan and book of refer- 
ence. 

The application must be accompanied by a list of 
the subscribers to the said undertaking, their respec- 
tive places of residence or business, the amount of 
their subscriptions, with the amount paid up ; and the 
sum subscribed for must be equal to one-half the 
amount of the estimate, and a sum equal to ten per 
cent. of the total estimated cost of the undertaking 
must be deposited in a Government bank before appli- 
cation to Government can be received. 

Previous to the application to Government, a printed 
list of subscribers, the amount of subscription, and the 
amount paid up must be deposited with a Secretary to 
Government, the Chamber of Commerce, Bombay, 
aud the collector of the districts in which it may be 
proposed to earry out the said undertaking. The date 
of the proposed commencement of the works, dating 
from the sanction of Government, and also the esti- 
mated state of completion of certain defined portions 
of the same, must be set forth by the promoters in 
their application. 

The sanction or approbation of Government. must 
not be considered as conveying approval of any under- 
taking, either in an engineering or ina pecuniary point 
of view ; and, further, it will rest with the promoters 
to satisfy, by purchase, compensation, or otherwise, all 
the proprietors whose rights may be damaged by their 
undertaking, and also to provide similar satisfaction 
for any consequential damages to surrounding proper- 
ties. In case of any dispute arising between such 
parties and the promoters or directors of any wnder- 
taking, Government will lend their aid in adjusting and 
settling such disputes. 

The promoters of any undertaking must also submit 
to Government a table showing the maximum rates 
which they propose to levy, binding themselves not to 
increase them without the sanction of Government. 

_ 1t must be understood that Government reserves to 
itself the right to disallow or to reject any undertaking 
Which may be presented or submitted to it, and it also 








reserves to itself the right to impose such terms or 
conditions, before according final sanction, as in ea th 
case may appear to it to be requisite. 

These rules, it appears to us, evince a clear desire on 
the part of the Bombay Government to encourage any 
judiciously devised scheme for promoting the general 
welfare of the country, and the final clause justifies e 
belief that none but apparently sound concerns wil 
receive its sanction. 





GREAT GUNS. 
To THE Eprror oF ENGINEERING. 

Srr,—In your article on the subject of great guns you 
conclude that, because Sir‘W.:Armstrong’s 13.3 in. gun (usually 
called a 600-pounder) has failed, we have nearly or quite 
reachéd the limitiof size in guns made upon the present system 
and fired with ordinary cannon powder, and you dismiss as in- 
credible the statement that the Americans have 20-in. guns 
with which they can fire 1000 lb. balls at the same velocity, or 
nearly so, as that reached by the shot from our 68-pounders. 
The diameter of the bore of a 68-pounder is 8.12 in., so that the 
area of the bore will be about 64 circular, giving a load of a 
little over 1 lb. per cirewlar'inch area of bore. Now it is well 
known that the large guns of the Americans are cast upon 
Rodman’s. principle :of: cooling from the interior, which very 
much adds to the strength. Such guns, therefore—other things 
being equal—will be very:much-stronger than our 68-pounders, 
which are bored out ofthe solid. The larger radius, too, of the 
bore in the case of 20-in, guns disposes the metal more favour- 
ably for the reception of the strain, and there is no difficulty 
whatever in believing that with these combined advantages the 
American cast-iron guns are at least twice as strong as.ours. 
Now a gun of 20-in. bore will have a propelling area of 400 cir- 
cular inches, and if the shot weigh 10001b. the load on each 
circular inch of area of bore will be 24 lb., which if the gun be 
twice as strong as our ordinary 68-pounder will only strain it 
about as much. 

In Sir William Armstrong’s 600-pounder the metal has to 
bear much more pressure than in the largest American guns, 
and it is not surprising, therefore, although the material he 
uses is stronger, that his guns give way. The area of a 13.3 
bore is about 177 circular inches, and with a 600 1b. shot each 
circular inch of area of bore will be loaded with a weight. of 
3.4lb. There certainly does not appear to me anything in- 
credible in supposing that if guns can be made which will just 
bear a load of projectile of 3.41b. per circular inch, they may 
be made to bear the lesser load of 24 1b. per circular inch, added 
to which we have the incontrovertible fact that such guns are not 
only made but successfully worked. It is true we do not know 
very much about the performance of the American 20-in. guns ; but 
is that a reason for discrediting their efficiency ? The Americans 
have no visible interest in advertising the efficiency of their arma- 
ments, and would probably prefer to keep their knowledge to 
themselves, and that their enemies should ie taken by surprise. 
But we can have no such interest; and if we adjust, as we 
should reasonably do, our means of defence to the worst that 
can befal, the best will give us no trouble. What I deprecate 
is that confident ignorance and ostrich-like complacency which 
mark the dominion of mediocrity in our counsels, and which are 
the sure heralds of miscarriage and defeat, 

I am, Sir, yours respectfully, 

April, 1866. A Mrcnanic. 

[Our readers will like to have an authentic statement of 
actnal practice with the 20-in. guns, such as those of the 
Puritan,—Ep. E.} 








Dummy Locomorives.—In New York, the passenger trains 
of the Hudson River Railroad are drawn three miles through the 
streets of the city by what are called dummy locomotives, The 
American Artisan says that ‘‘ Messrs. Danforth, Cooke, and Co, 
are soon to build two more ‘dummy’ locomotives for the Hud- 
son River Railway,on the same plan as the three they built 
several vears ago, except that spur gearing is to be used instead 
of frictional gearing. Some months ago cast-iron spur gearing 
was tried on one of these dummies, and wooden cogs on another, 
with a view to find whether the frictional gearing, which had 
worked very well, was really as economical in respect to power 
as common gearing. The wooden cogs soon wore out; but the 
iron spur gearing was deemed better than the frictional gearing, 
and will be adopted. Four years ago William Sellers and Co. 
tested the loss of power in frictional gearing analogous to this, 
and found it very considerable.” The original engines to which 
our contemporary refers had the outward appearance of a four- 
wheel passenger carriage 21 ft. long and 10 ft. wide. The wheels 
were 3 ft. 4in. diameter, on a 10 ft. wheel base. ‘The boiler was 
upright, the cylinders horizontal, 11 in. in diameter and 15 in. 
stroke. These cylinders worked a crank shaft, midway between 
the fore and hind wheels of the carriage. On the crank shaft 
was a friction wheel working another 24 times larger on a 
shaft below, and this shaft had cranks and coupling rods to the 
four wheels of the engine. The steam was condensed in a 
surface condenser under tlie frames. 

New CusHion ror Rarway Oarrraces.—A new form 
of spring cushion for railway carriages, which has been exten- 
sively applied in France, is now being introduced into this coun- 
try by Messrs. William Bird and Co, The springs of these 
cushions are made of the ordinary spring wire coated with copper, 
and are of the hour-glass shape generally used ; the novelty con- 
sists in the ends of the wire forming each spring being bent so 
as to form a square above and below the springs. A number of 
the springs are placed side by side, and the adjoining square 
wire frames at the tops and bottoms of them lashed together. A 
jointed or, as the French call: it, aw “articulated ” cushion is 
thus formed which can be. folded on any of the lines of juints 
between the, springs, and which has no projecting ends of wire 
that can injure the horsehair cushion or pad placed over it 
Any pressure placed upon the cushion appears to be much better 
distributed over a number of the springs than is the case with 
the ordinary arrangement. 





THE DICTATOR. 

THERE are many of our readers who will be much interested 
by the engraving, showing a transverse section of the American 
turret-ship Dictator, which we give on the next page, and 
which is reproduced, by the kind permission of Mr. John Bourne, 
from the new edition of his work on the screw propeller, now in 
course of publication. The Dictator was designed by Captain 
John Ericsson, of New York, in 1862, and built by him for the 
American Government. Her length on deck is 314 ft., the over- 
hang aft being 81 ft., and the forward overhang 13 ft., leaving 
a length of 270 ft. between perpendiculars. Her breadth over 
the sides is 41 ft. 8in., and her total beam 50 ft., whilst her 
draught is 21 ft., and her sides only project 1 ft. 6 in. above the 
water line. The sides are protected at and near the water line 
by 11 in. of iron plates, this thickness consisting of inner bars 
Sin, thick and six: plates each 1 in. thick. The plates are 
gee upon massive timber backing, as shown in our illustration. 

ler tonnage is 3000 tons. 

The engines of the Dictator are of 4500 indicated horse- 
power, and have a pair of vertical cylinders 100 in, in diameter 
with a stroke of 4 ft. The pistons have small trunks on their 
upper side, and are connected by rods with the ends of the 
horizontal arms of a pair of bell cranks, which work on centres 
placed slightly above the cylinders and between them and the 
sides of the vessel. ‘To the lower ends of the other arms of 
these bell cranks are coupled connecting rods leading to the 
crank upon the screw-sbaft. The engines drive a propeller 
21 ft. Gin. in diameter, with four arms set at a pitch of 34 ft. 
The propeller weighs 39,000 1b., and its shaft 36 tons. The 
engines are supplied with steam by six boilers, having altogether 
fitty-six furnaces; the total grate surface is 1128 square feet, 
and the heating surface over 32,000 square feet. ‘The coal 
bunkers-accommodate 800 tons of coal. . "’ 

The Dictator has a single revolving turret, of which we give a 
section in our illustration, it is 24 ft, in diameter inside by 9 ft. 
high, and contains two'15in. guns. The sides of the turret are 
built up of several layers of, TX as shown in the engraving, 
the total thickness being 1 ft. 3 in. The turret has a bell-mouthed 
top formed of iron plates 4 in. thick, curved outwards so as to 
throw off any water which may come against the sides of the 
turret. Around the top of the curved plates just mentioned is 
carried a wooden grating provided with a handrail and awning 
stanchions, so that it can be covered by an awning in hot weather. 
The grating forms a sort of balcony for promenade. Over the 
centre of the turret is placed the pilot house, which is 8 ft. in 
diameter inside, 7 ft. high, and has sides formed of twelve thick- 
nesses of Jin, plates. The pilot house is supported by a ean, 
cross beam which rests'‘upon a collar formed on a strong centra 
pillar passing down through the turret; this pillar is stationary, 
the turret revolving round it. The pilot house is provided with 
sight holes placed at a convenient height, and, like the pillar, is 
stationary. The weight of the revolving turret is principally 
carried by means of diagonal rods placed as shown in our illus- 
tration, the upper ends being connected with a crossbeam bear- 
ing upon a strong collar formed on the central column. The 
diagonal rods are furnished with screwed ends, so that by turn- 
ing them round they can be tightened up as desired. The beam 
just mentioned, which foes across the top of the turret, supports 
rafters carrying iron bars 4 in. deep by Sin. wide and 2} in. 
apart; these bars being covered by perforated plistes 1 in. thick. 
The lower edge of the sides of the turret is provided with a gun- 
metal ring which fits truly upon an iron one recessed into the 
deck. The rings are provided with oil holes at intervals, and 
any water that may leak through is conducted to the bilge by 
small scupper pipes. . ‘The machinery for turning the turret 
consists of a pair of donkey engines which work gearing con- 
nected with a Jarge wheel attached by strong lugs to the under- 
sides of the gun slides which are in their turn firmly secured to 
the sides of the turret. As will be seen from the engraving, all 
the turning gear is beneath the deck line. The floor of the pilot 
house consists of a wooden grating fitted with hinged hatches 
through which the captain and steersman can gain admission to 
the pilot house from the turret. The steering wheel is contained 
in the pilot house, and its motion is transferred by gearing and by 
a rack working in a recess formed in the central pillar to a pinion 
fixed upon the shaft of the steering barrel below. From this 
steering barrel chains extend to the rudder, which is of the 
balanced kind. The vessel is strengthened beneath the turret 
by transverse bulkheads. ‘ 

The arrangements for loading and working the guns are 
clearly shown in our illustration.. The gun carriages are moved 
upon their slides by means of winch handles moving wheel- 
work gearing into racks, the wheel-work being locked by a 
detent when the guns haye been brought up to the ports, and 
the recoil being taken up by. the dise compressor, which we de- 
scribed and illustrated in this journal.a few weeks ago (vide 
ENGINEERING, p. 233 of the present volume). Each gun has 
a radial bar placed above it, and upon.each of these bars runs a 
wheel carrying a block and tackle provided with a shoe or recep- 
tacle for the shot at its lower end. By.means of this contriv- 
ance the shot can be raised from the shot-locker to the muzzle 
ofthe gun, as shown in our engraving. In the Dictator the air 
required for ventilation and for supplying the boiler furnaces is 
drawn in partly through the top of the turret and partly through 
shot-proof trunks carried high above the decks. The vessel is 
provided with a spacious platform or promenade deck, placed at 
nearly the same height as the top ot the turret. This deck is 
supported on columns, and underneath it ‘the ship’s boats are 
suspended. The cabins are lighted by means of bulls’ eyes 
fitted into brass frames and let into the deck, these bulls’ eyes 
being covered up when the ship is going into action. Although 
little appears to be known about the Dictator in this country, 
we may mention that a short account of her appeared in the 
Manchester Examiner as early as January, 1864, very soon 
after the launch of the vessel had taken place. 


Tue Lonpon Univicrstry.—The London University is to 
have a house, at a cost of 65,0002, on the north’ side of the 
garden of Burlington House. A vote of 20,0007. towards this 
sum was agreed to in the House of Commons on Monday even- 
ing. The architect of the Royal Academy will co-operate with 
the architect of the new building, so as to treat the whole of the 
new works, together with Burlington House, as one composition. 
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THE AMERICAN MONITOR “DICTATOR.” 


(For Description, see Page 289.) 
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Advertisements cannot be received for insertion in the cur- 
rent week later than 7 p.m.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under, 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. Permanent 
advertisements are taken at special rates, which will be given 
on application. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 
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—On the Water-Supply of the City of Paris.” By G. R. Burnell, 
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Society oF EnGINEERS.— Monday, May 7, at 7 P.M., a paper will be 
read by Mr. P. Jensen, on “ The Incrustation of Marine Boilers.” 
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M. DUPUY DE LOME ON THE SPEED 
OF IRON CLADS. 


Ir M. Dupuy de Léme, the Chief Naval Constructor 
of France, in the letter published in the Zimes of Mon- 
day last, had confined himself to the disavowal of cer- 
tain views which have been pretty generally attributed 
to him in this country, no one could with reason have 
complained, although there are some of us who would 
have had difficulty in reconciling his denial with his prac- 
tice as a naval architect, and with the more or less autho- 
rised understanding that exists among scientific men 
on the subject. It certainly is well known that man 
of M. Dupuy de Léme’s most approved ships do plou i 
up great waves at the bow; and it no less certainly 
has been understood, on what was thought to be good 
authority, that he considered, as the Zimes has stated, 
that this mode of clearing the water from a ship’s path 
was an economical one. He now denies, however, 
that he holds this view; states that he has never put 
it forward either orally or in writing, and says that it 
is in disaccordance with the paper which he lately pre- 
sented to the Academy of Sciences. Some half-dozen 
copies of this paper haye been received in this coun- 
try, and we happen to have had one; but an examina- 
tion of the slate summary of the principles of fluid 
resistance has not disclosed to us any distinct enun- 
ciation of the contrary principle, the action of the 
ploughed bow not being mentioned at all. As the 
statement of M. Dupuy de Léme in the Zimies is, how- 
ever, distinct cumngh upon the point, we are bound to 
accept it in good faith, and to admit that it is not only 
with no view to improving the speed, but with the cer- 
tainty of a loss of speed, that the French Constructor 
has given a considerable projection to the bow of his 
ships below water; and that this has been done, not in 
the case of the Taureau, a “ ram” proper, only, but 
also in the sea-going line-of-battle ships Magenta and 
Solferino. 

If M. Dupuy de Lome had stopped at this point, 
no one could, as we have said, complain; but he has, 
for some cause or other, chosen to draw a comparison 
between the performances of the Solferino and the 
Pallas which must not be, and ought not to be, passed 
over unnoticed in these pages. His statement is, that 
whereas the Pallas, with 790 square feet of section, 
3700 tons of displacement, and 3768 horse power, 
steamed at 13.057 knots only, the Solferino, with 1152 
square feet of section, a displacement of 7020 tons, 
and 3720 horse power, steamed 14 knots! We are 
glad that the designer of the Solferino has given us 
figures, because they enable us to bring the statement 
to a test. 

And let us say at once that this is not merely a 
, aw ve between the Pallas, or her designer, and the 

lferino, or her designer; on the contrary, it is a 
question between the French navy and the British, and 
between French science and English ; for the perform- 
anee here claimed for the Solferino is superior to that 
of every ~*~ built for the navy of this country by Mr. 
Reed and all his predecessors. Not a single hip in 
the royal navy, and we think we may confidently add 
not a single British ship of any description, ever suc- 
ceeded in steaming at 14 knots, with a section of 1152 
Square feet, a displacement of 7020 tons, and driven 
by 3720 horse power only. The Bellerophon is, of all 
the ships in our navy, that which may best be com- 
pared with the Solferino for dimensions, form, and 





alleged speed, and everybody who studies these sub- 
jects knows very well that when she attained a speed 
of 14} knots on her last trial, her section and displace- 
ment were both less than the Solferino’s, and her indi- 
cated horse power 6000, and her performance was 
exceedingly good for so short a ship. But even the 
Warrior, with her enormous length, and the Agincourt, 
which is still longer, both fall far short of the perform- 
ance claimed for the Solferino, high as their perform- 


ances have been. The figures are : 
Warrior, Agincourt. 
. 1219 Sec. ee §=1185 
Dis - 8852 Dis: ee $9071 
He. «» 5469 HE. « 6867 
Speed... 14.356 Speed... 15.433 


And even if we come down from these high-speed 
ships, and deal with ships of from 12 to 13 knots, and 
with far better proportions for speed than the Solferino, 
we find the same thing holding. ‘The Himalaya is one 
of the very best of such ships, and her highest per- 
formance was that of 18th October, 1858, at Plymouth, 
when she steamed 12.9 knots with 712 square feet of 
section, 4273 tons of displacement, and only 1901 
horse power ; but even this extraordinary performance 
falls very far short of that claimed for the French ship. 
Now, are we to believe that this comparatively short 
French ship, shorter even than the Bellerophon, and 
with water-lines differing in no great degree from hers, 
actually steams far better than the longest, finest, and 
best ships of our navy; or are we not driven to the 
conclusion which the correspondent of the 7imes so well 
puts in his reply of Tuesday, viz., “ that the conditions 
“of trial’of the ships of the two countries must be 
“ greatly different”? We regret the necessity of 
coming to what may appear a harsh conclusion in the 
case of a distinguished foreigner; but we have no 
alternative but to look upon the alleged speeds of the 
French ships with the gravest suspicion, and to hope 
that the day is not far distant when the Emperor of the 
French will, in the interests of science, allow the 
Solferino, or some other selected ship, to run an honest 
race with our own Bellerophon or Warrior. 

It is only fair to add that M. Dupuy de Léme is less 
careful than we could have desired in making his com- 
parisons between French and English vessels in other 
cases, as well as that of the Pallas and Solferino. In 
the paper for the French Academy which he has re- 
ferred to in the Zimes, he compares the Agamemnon 
and Napoleon, and gives as the performance of the 
English ship that she obtained 10,4; knots at Spithead 
in 1853, with 2206 indicated horse power, whereas 
the Napoleon is said to have obtained the same speed 
with only 1100 horse power. Now the fact is, that 
the speed of the Agamemnon, at her trial of 1853, 
when she was at her deep-load draught, was not 
10% knots, but 11,4 knots, or, more strictly, 11.243 
knots; so that M. Dupuy de .Léme, in a formal 
document, prepared with dsliberation, has knocked a 
knot off the speed of an English ship; and if we were 
to assume that’he’fad only given the same quantity to 
the Solferino, all difficulty would disappear. 

The stringent conditions under which the. trials of 
our own ships are performed, and the complete 
publicity given to them, should, as the correspondent 
of the Zimes says, always be borne in mind in dis- 
cussion on this subject. ‘Ihe Pallas’s trial is an excel- 
lent example of this, and the attainment of a speed 
of over 13 knots by such a vessel, when compared with 
the results attained by other English ships, is most 
satisfactory. There 1s not a wooden frigate in the 
entire navy, even among those built without armour 
and for speed alone, that equals the Pallas in speed at 
load draught. The Mersey class come very close to 
her; but, although made of great length and furnished 
with enormous engines, of 1000 nominal horse power 
in fact, they do not quite equal her performance. 
And it must be remembered that while obtaining this 
speed the Pallas has been encumbered with a heavier 
rig, morearmour, an additional deck and larger crew than 
was at first contemplated, has had her armour plates 
cased below water with thick teak sheathing, and has 
large bilge or rolling logs attached to her bottom. It 
is only fair to Mr. Reed, her designer, to keep these facts 
in view, and also to remember that the extreme short- 
ness of the Pallas, which necessarily makes her hard 
to drive, as compared with the —_ ships, has been 
attended by even a higher degree of handiness than he 
promised for her. e do not think the success of 
this remarkable ship is in any degree lowered by M. 
Dupuy de Léme’s comparison of her with the Solferino, 
which is herself, after all necessary deductions from 
her speed have been made, undoubtedly a successful 
embodiment of principles very similar in many re- 
spects to those developed in the design of the Pallas. 





MARINE ENGINES. 


Mr. Joun Exper, of the firm of Messrs. Randolph, 
Elder and Co., of G w, has established a new and 
reformed practice on the Clyde, in respect of marine 
engine economy. He has engined a “7 number of 
vessels which are now onde seers ong voyages 
with an average consumption of but at b. of coal per 
indicated horse power per hour. He has gained a 
footing, too, in the navy, and our last number, in a no- 
tice of the parliamentary return made to Mr. Graves’s 
motion in the House of Commons, showed how the 
Constance had made a run of more than 1000 miles, 
from Plymouth to Madeira, with the average consump- 
tion per horse power just named. 

On Monday evening Mr. Elder gave a valuable 
lecture, but, we must confess, to a thin audience, at 
the Royal United Service Institution, Whitehall-yard, 
the subject being “ Marine Engines.” Lecturing is 
rather out of the line of engineers, especially of one 
like Mr. Elder, who is now at the head of one of the 
largest shipbuilding and engineering works in the 
kingdom—works at which very lately more than 
14,000 tons of shipping were on the stocks, and at 
which nearly 4000 men were employed. We cannot 
say what influence engineers, occupying such a position, 
may exert upon the Admiralty, when, by coming pub- 
licly before the representative body of the United 
Service, they show the enormous waste attending 
the present mode of working steam in our ships of 
war. 

The chair was taken by Captain Fishbourne, and we 
may add that at the Royal United Service Institution 
it is the custom for the speaker to occupy the platform 
alone, the chairman facing him, and sitting with his 
own back to the audience. Mr. Elder divided his 

aper, which was profusely illustrated by excellent 

aeveiinigs and diagrams, under six headings. These 
were boilers, superheaters, steam jackets, the expan- 
sion of steam, surface condensation, and general con- 
struction. 

The boilers which he preferred for ordinary marine 
urposes were cylindrical, fired from both ends. 
Mhese required only longitudinal stays. In his own 

ractice he made boilers 13 ft. 6in. in diameter and 16ft. 
ong, to carry from 40 lb. to 60lb. steam. For the 
lower pressure, the plates, all double rivetted, were }in. 
thick, and for the higher pressure } in. thick. The 
boilers of the last named thickness were tested by 
hydraulic pressure to 120 lb., and were perfectly tight. 

he boilers, steam domes, &c., were covered all over 
with felt and battens so as to prevent loss of heat. 
For pressures of from 70 lb. to 80 lb. (and it appears 
that Mr. Elder works to such pressures), the boiler is 
made of 3 in. plates, and is 9 ft. in diameter and 12 ft. 
long, the furnaces being 3 ft. 3 in. in diameter and 5 ft. 
long. For greater pressures the spiral flue boiler was 
employed. ‘Ihis consists of a ring, or stockade, of 
vertical tubes each 18 in. in diameter, around a central 
tube 3 ft. in diameter, with a spiral tube winding 
around in the intervening annular space. The tubes 
contain the water and steam, and the heat rises and 
circulates among them. These boilers had been five or 
six years in use without having become salted. 

r. Elder had tested a boiler formed of inclined 
tubes, 6 in. in diameter, to carry a working pressure of 
500 lb. per square inch. ‘The boiler had itself been 
tested by hydraulic pressure to 1000 lb. per square inch, 
and was considered absolutely safe; but the evapora- 
tive efficiency of this boiler was very low, not more 
than 5 lb. of water per pound of coal. ‘To have obtained 
good results Mr. Eider estimated that 80 square feet of 
tube surface per nominal horse power would have been 
requisite, being four or five times as much as is allowed 
in ordinary practice. 

The boilers of the Constance were illustrated by 
drawings. They are of the ordinary tubular type, 
with the addition of a series of upright tubes as super- 
heaters, these catching part of the waste heat of the 
boiler. The furnaces were 3 ft. high and only 26 in. 
wide. Mr. Elder dwelt at some length upon the im- 
portance of having as much of the heating surface as 
practicable in contact with the red-hot coal. He pre- 
ferred numerous and narrow furnaces, so as to obtain 
as much total direct heating surface as possible within 
a given width of boiler. He had, he said, found the 
combustion to be every way as good in a furnace only 
2 ft. wide as in one of 4ft. One-third of all the eva- 
poration, he had satisfied himself, took place from the 
direct heating surfaces, and he preferred more nume- 
rous and smaller furnaces and fewer tubes than are 
provided in ordinary marine boilers. Tie width of 
2 ft. was that which he preferred for his furnaces, 
whereas the usual practice is to allow 3ft. At the 
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same time he gave a good depth, viz. 2 ft. 3 in. from 
the grate-bars to the crown at the back, and 1 ft. 9 in. 
in front. For Cardiff coal he adopted water bridges, 
but for ordinary smoke-producing coal he put in brick 
bridges with openings in them for the admission of air, 
the more completely to burn the gases. 

In the boilers of the Pacific Steamship Company’s 
steamers Lima and Bogota, engined by Messrs. Ran- 
dolph, Elder and Co., the uptakes were divided into 
three, and these passed up through the steam chamber, 
so as to superheat the steam. By dividing the upiakes 
more superheating surface and, from the lessened indi- 


vidual diameter of each part, greater strength were 
obtained. ‘The tubes were inclined 1 in 5 from the 
horizontal, and it was found that with this inclination 


soot was better burnt out, and less frequent sponging 
was required. 


A brief reference was made to Craddock’s boiler. 
With 100 square feet of tube surface per nominal 
horse power, excellent results were obtained. But 


such surfaces could not be admitted in practice. 

As for superheating, Mr. Elder stated that almost its 
whole value was in expansive working, although in any 
case the average te mperature of the cylinder was neces- 
sarily lower than that of the steam admitted to it at 
the beginning of the stroke. In cutting off earlier 
than at half stroke, no gain by expansion (as compared 
with cutting off at half stroke) was found to result un- 
less superheated steam or steam jackets were employed. 
The usual and preferable amount of superheat was 
about $0° above the natural temperature of the steam 


as it comes from the water. An economy of 25 per 


cent., directly traceable to superheating, had been 
found in many cases, and sometimes more than this ; 
but in the latter the boilers were bad, and could not 


get through their proper amount of evaporation. The 
greatest gain by superheating was in large engines 
working slowly, and the more power exerted within the 
cylinder in a given time the less would be the gain by 


superheating. If superheating were carried to 400° of 


total heat, the gun metal of the valves was liable to 
decompose, so much so, that tin could be picked up in 
the bottom of the valve casing. Besides, the super- 


heating apparatus would be rapidly burnt out. The 
lirst cost of the apparatus averaged 2/, 10s. per nominal 
horse power. 

Mr. Elder’s preferable plan was to take the uptakes 
directly through the steam chest, and, although he did 
not say so, this is the plan followed in the American 
practice. He had found this plan would give to the 
steam, in the upper part of the chest, whence it was 
taken off tothe engines, an average temperature ne arly 
100° greater than that of the water below, with which 
the steam, but for its own lightness, was in free com- 
munication. Mr, Elder divides his uptakes, however, 
sometimes into as many as six flues of 22 in. diameter. 

The next subject was that of steam jackets. Watt 
had apparently been struck with the necessity of apply- 
ing them when he first repaired the venerable model of 


Newcomen’s engine, still preserved in the University of 
Glasgow. At any rate, VW att, who preferred to work 
his steam expansively, adopted and continued to use 
steam jackets throughout his practice. It was re- 
gretted that his practice had not ana followed, for the 
continued use of steam jackets would have prevented 


the general doubts as to the value of expansive work- 
ing—doubts which have influenced engineers for forty 

One objection which had been made to jackets 
heir weight, but this amounted to but 24 per 
the engines, whereas, by permitting a 


years. 
was 1 
ccent, ol that of 
high degree of expansion, they might be the means of 
saving perhaps 20 per cent. of the fuel burnt. With- 
out them, a very large proportion of the steam might 
be uselessly condensed within the cylinder, but with 
them Mr. Elder had found that in a pair of 45 in. high- 


pressure cylinders, working into a pair of 90in. low- 
pressure cylinders, the condensation in the jackets 
themselves amounted to but 34 per cent. of the whole 


water evaporated in the boiler. The con 
densed steam from the jackets was, of course, returned 


to the boiler at a considerable temperature. 


qi ntity « 








Mr. Elder next came to consider expansion. How 
far expansion should be carrie | was governed partly 
by the co ration of first cost Expansive engines 
were heavy, and the cost of engi es practic lly followed 
their weigl If a marine engine cut off at five-ci¢hths 
stroke, its cost might be taken at 40/. per horse power, 
and for every eighth eut off earlier than this an extra 
cost of about 2/. per horse power would be incurred. 
If the expansion was to be carried to or beyond four 
times, high and low pressure cylinders were to be pre- 
ferred: and where these were employed, six to nine e@x- 


pansions were not only practicable, but advantageous. 
The smaller cylinder should have one-fourth the capa- 





city of the larger cylinder, and the steam might be cut 


off at from 2 to % stroke in the smaller cylinder. Mr. 
Elder gave not only the steam diagrams from his com- 
pound engines, but also the diagrams of rotative force 
upon the erank-pins, and, besides the economy due to 
expansion by itself, he argued that in the compound 
engine the friction upon the crank-pins and journals 
was lessened by the greater uniformity of pressure 
throughout the stroke. We do not think, however, 
Mr. Elder will find many to agree with him that the 
friction of the journals alone of the single-cylinder engine 
is 17 per cent. of the power exerted, even if the com- 
pound engine works with as much less friction as 14 is 
less than 17. In the case of the Constance, the high- 
pressure cylinder is placed between two low-pressure 
cylinders, there being six cylinders in all. The high- 
pressure piston sustains the same total pressure as both 
low-pressure pistons, and as the high and low pressure 
pistons work in diametrically opposite directions, and 
the cranks to which they respectively transmit their 
pressure are opposite each other, Mr. Elder argues 
that half of the journal friction is removed, and that 
where ordinary single engines work with 17 per cent. 
friction, the engines of the Constance work with but 
7. We have no doubt that the friction is lessened as 
he suggests, but we cannot accept his ratios as exact. 

Mr. Elder makes a very just and suggestive com- 
parison of the effect of the steam as worked in his 
engines, with what it would be if no expansion were 
permitted. For this purpose he takes the final pres- 
sure of the steam just before it is exhausted from the 
large low-pressure cylinder. In one case this pressure 
is found to be 5.8lb.; yet the whole average eflective 
pressure upon both pistons, throughout their strokes, 
was found to be equal to a pressure upon the larger 
piston of 13.5 lb., so that by expansion (we believe it 
was sevenfold, or seven times the original volume of 
the steam) 2.32 times the effect was obtained which 
would have been got out of the same steam worked 
without expansion. According to Mr. Elder, the same 
steam, worked to the same expansion in a single cylin- 
der, would have given out but 1.62 times the effect due 
to working without expansion. Of course we cannot 
subscribe to this, although we have no wish to deny 
that for condensing engines (and it is such only of 
which we are now speaking) expansion in two cylin- 
ders is better than inone. There is a loss, well known, 
and pointed out by Mr. Elder, in working through 
wide limits of pressure in a single cylinder, a loss by 
internal condensation due to greater variations in the 
temperature of the inner surfaces of the cylinder, and 
of the metal immediately behind these surfaces. 

Mr. Elder believes that no more room, for a given 
amount of power (working the steam to the same de- 
gree of expansion), is required for compound engines 
than for those with but one cylinder to each crank. 
For very high pressures (and Mr. Elder has long been 
considering the application of steam of pressures far 
beyond anything yet adopted in marine practice), he re- 
commends an expansion in three successive cylinders. 
We need not here give our opinion as to very high 
pressures, nor as to whether extreme expansion is 
under any cireumstances profitable. 

In considering expansion with reference to heat, or 
the thermo-dynamie power of the steam, Mr. Elder 
justly observed that for so much of the steam as was 
condensed within the cylinder, not by conduction or 
convection, but actually in ors, there could be no eco- 
nomy in re-evaporating it, whether by superheated 
steam or by jacketting. For such re-evaporation the 
boiler is obviously the better place. In expanding 
down to the limit adopted in his own practice, the 
quantity of steam converted into water by its actual 
work could not, as water, amount to more than the 
sstooth part of the whole capacity of the cylinder. 
After the high degree of expansion practised by him- 
self, only one-ninth of the steam was actually condensed 
in work, and even if expansion could be carried down 
to the freezing point, Mr. Elder maintained that the 
condensation in actual work would amount to but one- 
half the steam. 

The paper then dealt with the more practical results 
of « Xpansion, but we confess we cannot accept all the 
conclusions which were drawn from the facts adduced. 
Mr. Elder first referred to the competition between the 
Constance, Octavia, and Liverpool, the latter fitted 
with ordinary non-expansive engines. The vessels 
were driven for 100 miles each, at speeds of 10 knots, 
8 knots, and 6 knots. The Liverpool has 600-horse 
engines, while those of the Constance and Octavia are 
of 500 horse nominal. Mr. Elder gave the results as 
follows :—For every 100 units of coal burnt by the 
Constance, at 10 knots an hour, the Octavia burnt 134 
units, and the Liverpool 232. For every 100 units 








burnt by the Constance at 8 knots, the Octavia burnt 
155, and the Liverpool 248. And for every 100 units 
burnt by the Constance at 6 knots, the Octavia burnt 
130, and the Liverpool 282. 

Next came the trials between the Constance, the 
Arethusa, and the Octavia, as given in our last number, 
page 279. Mr. Elder’s ——— in this case was an 
ingenious instance of special pleading, and we dissent 
altogether from his conclusions. He first took the 
actual distances made by the ships, then their average 
speeds in knots wi hour, and finally the gross consump- 
tion of coal. The Constance ran the greatest distance, 
and at the highest speed. The consumption of coal 
of each ship was then calculated at what it would have 
been had the three run the same distance, and at the 
same speed, and for this purpose the consumption of 
coal was assumed to be as the cube of the speed. 
Here, of course, was a grave error. Had the compa- 
rison been one of ¢ime, of hours say, the consumption 
ver hour would have been as the cube of the speed; 
yut the basis of comparison was distance, and for any 
given distance the consumption would increase only as 
the square of the speed. By his own mode of compa- 
rison, Mr. Elder made out that the three ships would 
have burnt, for the same distance and average speed 
as the Constance, the following weights of coal: viz. : 
Constance 242 tons, Octavia 543 tons, and Arethusa 
429 tons. There can be no doubt that the Constance 
did the best of the three ships, and with the advantage 
she actually gained the maker of her engines should 
be satisfied. The comparison which we have quoted 
is wrong in principle, and nothing like it is warranted 
by the facts given in the Admiralty return, in reply to 
Mr. Graves’s motion, and this comparison should not 
be allowed to appear without correction in the Journal 
of the Royal United Service Institution. 

The Constance was fitted with a screw of coarser 
pitch than those of the other competing ships, and it 
was suggested in the paper that this, by keeping down 
the number of revolutions of the engines on. the 
measured mile, tended to a nearer equality of the speed 
on the trial trip and at sea. We do not think that this 
position could be successfully maintained, but we are 
not about to argue it. Mr. Elder carried all his audience 
with him when he denounced the system of trials at 
the measured mile, with all their jockeying and 
manifold trickery. Here, too, we dissent from Mr. 
Elder’s conclusion, and from those who agreed with 
him; but our dissent only amounts to this: if it were 
supposed—and perhaps it is supposed—that trials in 
smooth water, at the measured mile, represent what 
the ship can do at sea, then we should merely say that 
such a supposition was as wholly fallacious as it would 
be to infer from a five minutes’ foot-race by a soldier 
what he could do on a steady and difficult march of a 
hundred miles. On the measured mile all ships are 
expected to do their best, and the results obtained are 
always definite and useful for comparison. ‘The speed, 
displacement, immersed section, revolutions, indicated 
power, steam pressure, and the vacuum are exactly 
ascertained ; and these elements are not only of interest, 
but of positive value in comparing the forms of ships 
and different systems of engines. The only point, we 
think, upon which such trials could lead any one 
astray is that of the steam-generating powers of the 
boilers, and this is the very point of all which is neither 
recorded nor called in question. 

But we are still dealing with the section of the 
paper devoted to expansion. As showing its value, 
Mr. Elder gave instances of the runs of several ships 
of 2000 tons, and fitted with his engines, from the 
Clyde out to Valparaiso. The distance is 9000 miles, 
and the run takes thirty-one days, the average being 290 
miles per day. The coal consumption was given as 
1000 tons, being not greatly over 30 tons per day. In 
the service of these steamers on the Pacific coast from 
one-half to two-thirds of the coal formerly consumed, 
with different engines, is now saved. It was Mr. 
Elder’s opinion that ships of 4000 tons could be made 
to run direct to China and Australia, making the run 
in 45 days, and carrying coal to last them all the way. 
The importance of economical engines in the Navy 
was shown in respect of the increased distances they 
could run, and the longer periods they could remain at 
sea without coaling. 

Upon the subject of surface condensation the paper 
was very brief, All that we could learn was that while 
jet condensers should have one cubie foot capacity 
for each indicated horse power, surface condensers, 
working with engines cutting off at half stroke, should 
have 3 ft. of tube surface per indicated horse power. 
Very small tubes, say }in., were apt to crack ¥ in. 
was preferred ; the distance between them was ¢ in. to 
Lin. : and Mr. Elder used and preferred Sewell’s pack- 




















ENGINEERING. 


—_———_—— 793 _ 











May 4, 1866.] 


ing, introduced upon the Clyde a few years ago from 
New York. In this the tube ends pass through a 
perforated sheet of india-rubber, one of which packs 
the joints of many hundreds of tubes, a guard plate 
being made to hold the rubber in place. Mr. Elder 
preferred brass tubes to copper, and by blowing out 
the full contents of the boiler every four or five days 
corrosion was prevented. 

A short disquisition on friction was given, and 
possibly it had some application to present practice. 
Said Mr. Elder, “ Every shipbuilder knows that when 
“ his ways are laid with an inclination of %in. in the 
foot, and are well soaped, his ship will go off well; 
but every sixteenth of an inch difference either way 
“alters the result greatly. Every workman knows 
‘that when one polished plate of iron is eng upon 
“ another inclined at 1 in 8, the surfaces being oiled, 
“ friction is exactly overcome and sliding takes place.” 
This was elementary, and it led to the consideration 
of one type of three-cylinder overhead engines, of 
which the total friction of the shaft was estimated at 
30 per cent. of the power exerted! Mr. Elder em- 
ployed geared engines, geared 24 of the screw to 1 
of the engine; he preferred internal teeth for the 
large wheel, as having less rolling motion upon the 
teeth of the pinion, and he found iron wheels of this 
kind to run as smoothly as iron and wood upon the old 
plan. He condemned the long teeth icieadesel forty 
years or more ago, and adopted by Mr. Fairbairn, 
saying they entailed upon the engineers of the present 
generation a loss of one-third the power in friction! 
This was, no doubt, a liberal estimate not intended to 
be taken literally. 

The vertical engine, it was said, ought always to be 
employed in merchant ships. The trunk engine was 
objected to, and so, too, were oscillating engines. As 
for the general arrangement of engines, Mr. Elder 
justly said that mere transpositions of parts were 
matters of course to every experienced mechanic, so 
that but little credit was lett for those re-arrangements 
of existing details which constitute the sole claim to 
novelty in most modern designs. 

Mr. Elder showed a section of a turret ship, and he 
advanced an idea of which we shall yet hear something 
more. He proposes, while using compound engines, 
io so arrange the valves that full-pressure steam may, 
on occasion, as in ramming or on a chase, be turned 
into the low-pressure cylinder. The shafts, cranks, &c., 
would, of course, require to be made proportionately 
strong. The ship would have a powerful fan, capable 
of throwing into the hold 100 tons of air per minute, 
and with this he would rely upon increasing the ordinary 
combustion of perhaps 20 lb. or 30 lb. of coal per square 
foot of grate per hour, up to even 70 ]b., as in the 
American practice, where blowing-fans are employed 
to urge marine boiler-furnaces. Thus a ship, of which 
the maximum power under ordinary circumstances was, 
say, 4000 indicated horses, might be temporarily driven 
at S000, the increased consumption of coal, for a short 
time, bearing no comparison to the possible importance 
of the result. At the same time, Mr. Elder mentioned 
that such a ship might be made to run 5000 miles on 
one supply of coal. 

Mention was made of the wrought-iron paddle-floats 
uscd by Mr. Elder in his practice. Those instanced 
were 9 {t. long, 4 ft. wide, and 14 in. thick, their edges 
planed, as Mr. Elder expressed it, “as sharp as a 
razor.” ‘Their extra weight, as compared with wood, 
might put the vessel half an inch deeper into the water, 
but the author contended that they saved 15 or 16 per 
cent. of coal! This, of course, isa very broad estimate, 
and must be taken with just a grain of salt. Not that 
we doubt that there is a loss of power from oak paddle 
floats, striking with their edges, sometimes 44 in. and 
even 6in. thick, upon the water, but the loss is not 
one, we believe, which will bear the high estimate we 
have quoted. 

_ As for negative slip, Mr. Elder did not consider that 
it was induced by a full form of the after body of the 
ship. He attributed it to a fine pitch of the propeller, 
and said it was common with geared engines where, 
the screw making rapid revolutions, the pitch was fine. 

But we cannot adopt this conclusion as a general one. 
It is a fact that the Achilles showed as much negative 
slip when her serew-blades were set to a comparatively 
coarse pitch as when set finer. On the next column we 
have mentioned a few vessels in the navy having screws 
of less pitch than their diameter, and we will add the 
positive slip which they have given. 

_ We might cite many other eases to show that nega- 
tive slip does not necessarily attend a fine pitch, 
although in the case of the Hannibal and the Plumper 
there was very considerable negative slip, with a piteh 
considerably less than the diameter. At the same 
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time it must be owned that the very coarse-pitched 
screws do show a good deal of positive slip, and that 
the cases of negative slip have generally been observed 
with screws of a pitch not differing very greatly from 
their own diameter. But, on the other hand, there 
are plenty of ships, like the Royal George, the Royal 
Albert, and the Royal William, having large screws 
with a pitch only a foot or two greater than the dia- 
meter, and which regularly show a slip of from 15 to 
25 per cent. 


Diameter > Positive 
of screw. Pitch. slip. 
ft. in. ft. in. percent. 
Archer* ... co DO ny, FB re ae 
Cornwallis... eo 12 0 ww 1/9 6 4. 35d 
Cruiser... Oe ee eS ae: 
Eurotas  ... os 1320 «sf 10-0 Qf RR 
Forth ose a 220 «ws DO Boe 
Fox ae ae Se oe 20 Ok ee 
Frederick William... 18 14 ... 17 98 .. 173 
Goliath... oe 168 GC wt 17 0 of JGR 
Greenock ... - 230... FO ow 18% 
Hawke ... ec 2 DB ts 9 6 w 21% 
Highflyer ... see ww HS ee 
Horatio... wow BO w BO wi 
Lynx adie 8k @ so 2S aoe 
Malacca ... oB6e.w~ DO uw 
Nile cad wn ew a ee ns 


We have given much space to Mr. Elder’s paper. 
It abounded in matter, and it represents the practice 
of a great and successful firm. We do not accept all 
its conclusions, but we believe our readers will profit 
by our abstract of it. The rules of the Royal United 
Service Institution do not permit of our giving the 
paper 7 extenso. 








IMPERIAL TRAIN ON THE PARIS AND 
ORLEANS RAILWAY. 

A FORTNIGHT ago, in our notice of MM. Perdonnet and 
Flachat’s new work, the “ Nouveau Portefeuille de I’Ingénieur des 
Chemins de Fer,” we gave a few particulars of the Imperial train 
constructed by M. C. Polonceau for the Paris and Orleans Rail- 
way ; we now give on page 294 illustrations showing its general 
arrangement, together with some of the more important details. 
As stated in the notice to which we have referred, the train con- 
sists of five carriages, and occupies a total length of 125 ft. 6 in. ; 
the body of each vehicle being 22 ft. 7} in. long and 9 ft. 2} in. 
wide outside. This width is very great for the narrow gauge, 
and it is accompanied, in the case of the carriages which we are de- 
scribing, by rather a narrow spring base, the transverse distance 
from centre to centre of bearings being only 6 ft. 3} in. In 
Fig. 1 we give a general elevation of the train, and in Fig. 2a 
corresponding plan, the direction in which the train is run being 
indicated by the arrow above the views. The carriages are 
placed in communication with each other by means of doors 
formed at their ends, these doors opening on to platforms extend- 
ing from one carriage to the other. Each platform is formed in 
two parts, one part being fixed and the other hinged, in order to 
allow the carriages to play vertically upon their springs. The 
fixed portion of one of the platforms is shown on the end of the 
carriage frame in Fig. 3: the moveable part consists merely of an 
iron plate joined to the carriage body by hinges. The platforms 
are provided with a hand-railing on each side, as shown in Fig. 1, 
and they are covered with an india-rubber carpet, which, to some 
extent, renders the movements between the two portions of each 
platform less observable. The platforms are partially sheltered 
from the rain by a covering extending over them from one car- 
riage to another. ‘These coverings, like the platforms, are each 
formed in two parts, one fixed and the other, which consists of 
an iron plate, hinged. The hand-rails of the two parts of each 
platform slightly overlap each other, sufficient side play being 
allowed to accommodate the relative motions of the two adjoin- 
ing carriages. The platforms between the state saloon and the 
carriages next it are lighted at night by handsome lamps placed 
at the corners of the carriage, as shown in Fig. 1. 

The foremost carriage of the train is intended for the accom- 
modation of the Imperial suite, and is also used as a dining-hall ; 
it is furnished with a central table and longitudinal seats 
on each side, as well as with a number of moveable arm- 
chairs. The longitudinal seats are constructed in such a 
manner that when they are withdrawn from the sides of the 
saloon the backs fail back, and commodious beds are thus 
formed. ‘This carriage is furnished with side doors opening into 
the smaller compartment, and is also provided at one end with 
a flight of steps on each side leading to an open platform, as 
shown on Figs. 1 and 2. The second vehiele of the train 
is an open or platform carriage. This was originally con- 
structed as shown in our engravings, the sides being each 
merely formed by an open balustrade or hand-rail with curtains 
within it. ‘These balustrades have, however, now been replaced 
by plain panels, above which three large windows have been 
fitted, that in the centre being fixed and the others made to 
open and close. With the exception, therefore, of the difference 
in the size and arrangement of the windows, the platform car- 
riage now presents the same external appearance as the 
others composing the train, and it can be conveniently used 
as a dining-saloon if desired, it being merely necessary to 
provide a central table upon which refreshments can be 
served, and which can be readily removed when the room is re- 
quired for promenade. ‘This carriage is provided with flights 
of steps at one end, similar to those of the carriage which 
precedes it. On the Northern Railway of France the platform 
carriage of the Imperial train is, by a simple arrangement, made 
so that it can be rendered open or completely closed at pleasure, 
and it thus combines the advantages of both the old and the new 
arrangement on the Paris and Orleans line. 


* With a 12 ft. 6 in. screw, of 7ft. 9in. pitch, the Archer once 


The central vehicle of the train is the state rime which 

forms the special accommodation of the Imperial family, and is 
divided into two compartments, the larger being the state saloon, 
while the smaller forms a retiring-room and lavatory. Access 
to the carriage is obtained either by means of the doors at the 
ends or by side doors furnished with folding footsteps and open- 
ing into the state saloon. Some details of the fittings of the 
saloon, which has a clear central height of 7 ft. 1} in., are given 
in Fig. 6, which gives a good idea of the richness of the orna- 
mentation. The furniture of the saloon is sometimes varied, 
but it consists generally, besides the state seat which is shown 
in Fig. 6, of two couches, two armchairs, and two folding-chairs, 
with a small table and convenient stands. A couple of lamps 
are generally placed in this compartment. As will be seen from 
Fig. 6, the state seat is placed transversely, it is luxuriously 
stuffed, and the back is ornamented by the initial of the 
emperor, supported by eagles and surmounted bya crown. The 
doorway affording a communication between the two compart- 
ments is placed near one side of the carriage; it is nearly 6 ft. 
3 in, high and 1ft.11$in. wide, and is fitted with a richly 
ornamented door. The weight of the window-sashes is 
balanced, so that the windows can be easily closed; they are 
kept in any desired position by springs pressing against wooden 
rods. ‘The windows are also provided with frames covered with 
wire gauze, which can be used to exclude the dust when the 
windows are open. . 

The state carriage is followed by a sleeping-carriage, the use 

of which is rendered necessary by the length of the journeys 
sometimes performed. This carriage contains, besides the wn a 
ing compartment, two dressing-rooms, two compartments for the 
ladies in waiting, one for a valet, and a water-closet. The beds 
in the sleeping-chamber are placed longitudinally, it being difli- 
cult to arrange them transversely without interfering with the 
free communication, from one compartment to the other. A 
longitudinal section of a portion of the carriage is given in Fig. 
5. This shows one of the couches with a mirror above it, and 
gives some idea of the internal decoration, which is exceedingly 
rich and delicate. The sleeping-carriage is provided, besides the 
end doors, with another on each side, these side doors giving 
access to the compartments occupied by the ladies in waiting. 
The fifth and last carriage shown in our illustration is that de- 
voted to the Prince Imperial : this includes a sleeping-chamber, two 
compartments for governesses, a dressing-room and a water-closet. 
The carriage is furnished with end doors similar to those of the 
other vehicles, andthe compartments for the accommodation of 
the governesses are also furnished with side doors which give 
direct access to them. 
Having given a general account of the internal arrange- 
ment of the train; we inay now describe some of the peculiari- 
ties in the details of itsconstruction. ‘The wheels of the carriages 
are nearly 3 ft. 10 in. in diameter, and are placed at a distance 
apart of 12 ft. from centre to centre. They are cast-iron bossed 
wheels with wrought-iron spokes; the spokes are, however, 
cased in by wrought-iron discs, placed on each side of them so 
as to prevent as much as possible the raising of dust. The 
axles are of Krupp’s steel, the journals, which are, as we have 
aendy stated, 6 ft. 3} in. apart from centre to centre, being 
only 64 in, long by rather more than 3} in. in diameter. In addi- 
tion to the ordinary springs between the axle boxes and under- 
frame, auxiliary springs are placed between the underframes and 
bodies of the carriages. In the case of the state carriage and 
those containing the sleeping- compartments, these auxi- 
liary springs are of steel, and their arrangement is shown by 
Figs. 3 and 4. From these it will be seen that there are three 
auxiliary springs on each side of the carriage, and that 0: | are 
supported on Brackets bolted to the outside of the soles of the 
underframe, the transverse distance between their centres being 
7 ft. 10$in. The ends of the springs are coupled by shackles to 
brackets fixed to the frame of the body of the carriage, and their 
oscillations are restrained by check links which are attached to 
the carriage body at each corner and looped over T headed bolts 
passing through the soles of the underframe. In the case of 
the platform carriage, the auxiliary springs consist of india- 
rubber rings interposed between the underside of the body of the 
carriage, and ornamental cast-iron brackets bolted to the outside 
of the underframe, the holding-down bolts passing through the 
rings and brackets. ‘The arrangement is similar to that patented 
in this country by Mr. G. Attock, and which 1s now being ex- 
tensively applied on nearly all our principal lines, ‘The buffing 
and drawsprings are urranged in the same manner as those of 
the French railway carriages which we described in this journal 
last week, and the bolts of the safety chains are also, as in those 
carriages, fitted with an india-rubber washer to prevent shocks. 
In addition to the vehicles shown in our illustration, two 
luggage carriages generally form part of the Imperial train on 
the Paris and Orleans line. One of these carriages is placed in 
front of, and the other behind, the carriages we have described, 
and each contains a compartment for attendants, both tliose 
attached to the Imperial suite and those belonging to the railway 
company. One of the luggage-carriages serves as a sort of 
pantry for the accommodation of the refreshments, whilst the 
other contains various miscellaneous articles which are likely to 
be required either by the travellers or for the working of the 
train. Most of the imperial trains on the French lines are now 
fitted with electrical communication between the state carriage 
and that containing the suite, and also between the state carriage 
and the engineer in charge of the train. The train which we 
have described presents a striking contrast to the railway ac- 
commodation provided for the Royal Family in this country, 
where the vehicles forming the trains are quite independent, and 
are most of them of the ordinary construction, only one, or ira 
few instances two, in each train being specially designed for state 
purposes. 





Tue Paris Exuipirion.—We understand that Messrs. 
Schneider and Co., of Creusot, intend exhibiting a series of their 
different, sizes of locomotives at the Paris Exhibition, beginning 
with oné for an 18-in. gauge, and ending with one of the 
leviathan engines, of which so many are now constructed for the 
Continental railways. It is expected that the first delivery of 
the engines made by this firm tor the Great Eastern Railway, 
forty having been ordered in all, will take place at the end of this 





gave 17} per cent. of negative slip. 





month, Considerable interest is felt to see the French work. 
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WE give in the accompanying engravings a side elevation of a 
traction engine, recently built by Messrs. Alexander Chaplin and 
Co., which differs in many particulars from any hitherto con- 
structed. The carriage of the engine consists of a pair of solid 
wrought-iron frame plates, connected by cross —_ attached 
to them by corner pieces and turned bolts well fitted to bored 
holes. These frame plates are made very deep for a great part 
of their length, and each has an opening cut in it to accommo- 
date a cylinder with its slide bars, &c., as shown in Fig. 1. The 
cylinders, which are 7 in. in diameter and 14 in. stroke, are let 
into the openings just mentioned, and are furnished with flan; 
above and below them, by means of which they are bolted to the 
frames. The cylinders are horizontal, and are’so placed that 
their centres coincide with those of the frames, the latter thus 
receiving directly all the strains arising from the pressure of the 
steam upon the pistons; the arrangement is an exceedingly good 
one. The guide bars, which are flat, are bolted to the frames 
above and below the openings already alluded to, as shown in 
the figure, and the crossheads are furnished with brass slide 
blocks. The connecting rods are of wrought iron, with brass 
bearings embracing the crank pins, which are inserted in polished 
dises placed one at each end of the crank shaft. 

The crank shaft itself is of wrought iron, and carries three 
malleable cast-iron pinions of different-sizes, either of which can 
at pleasure be placed in gear with a corresponding spur wheel, 
also of malleable cast iron, fixed upon a countershaft. These 
three sets of gearing enable the machine to be worked at a 
speed of either 2, 4, or 8 miles an hour, according to the duty 
which it has to perform, the slowest speeds being, of course, em- 
ployed for the heaviest loads. The countershaft carries a pinion 
at each end, these pinions gearing into internal spur wheels fixed 
to the driving wheels. Clutches are provided by means of which 
either of the pinions just mentioned can be readily thrown out of 
gear when it is desired to do so, and either driving wheel can 
thus be driven independently. The engine is fitted with link 
motion reversing gear, the eccentric straps being made of brass. 
The bearings and glands are also lined with brass, and the 
cylinders are completely fitted with brass cocks, oil and grease 
cups. The exhaust steam from the cylinders is not taken 
direct to the chimney, but is first discharged into a kind of tank 
placed between the frames, a pipe from this tank leading to the 
chimney in the usual way. By the use of this arrangement the 
exhaust steam escapes from the blast nozzle in a continuous 
stream, instead of in a series of puffs, and whilst the action of the 
jet upon the draft appears to be quite unimpaired, the engine 
is rendered comparatively noiseless. 

The engine is carried upon two pairs of wheels, placed as 
shown in our illustrations. The driving wheels, which are 
constructed on Bray’s patent plan, are of the best cast iron, and 
are 6ft. in diameter, by 1ft. 3in. wide, broad on the face. 
They are each fitted with sixteen “spades” of malleable cast 
iron, worked by means of correcting-rods of the same material, 
coupled by wrought-iron pins to a brass eccentric strap. By 
shifting the eccentric upon which this strap works, the spades 
can be made to project through the rim of the wheel for either 
the upper or lower half of its circumference. When the former 
is the case, the driving wheels of course roll upon a plain face ; 
but in the latter instance the projecting spades force their way 
into the ground and give a greatly increased hold, thus enabling 
the engine to exert a greater amount of tractive force without 
slipping. The bearings of the driving axles have volute springs 
interposed between them and their load, and a similar spring is 
also — to the leading end of the engine, as will be ex- 
Plained presently. The application of springs to traction 
engines tends materially to reduce the shocks to which the 
Various parts are subjected in passing over rough roads, and we 
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believe that Messrs. Chaplin have never found their use to 
interfere with the correct action of ate grating, The steering 
wheels are 3 ft. in diameter by 1 ft. b on the face and, like 
the driving wheels, they are made of cast iron. The axle of the 
steering wheel is attached by a pin and double joint to a strong 
vertical spindle furnished with a volute spring, the spindle 
carrying a spur wheel which into a pinion on a counter- 
shaft. The pinion just mentioned is made long, in order to 
allow the spindle on which the spur wheel is fixed to play freely 
vertically under the action of the spring. In addition to the 
pinion, the countershaft carries a worm wheel at its ~ end, 
this wheel being driven by a worm placed on the shaft of the 
hand-wheel by which the engine is steered. The shafts of the 
steering gear are allof wrought iron, the gearing being of malle- 
able cast iron. The steering gear just described is found to 
give perfect command of the engine, which can be guided with 
the test facility. The driving wheels are fitted with a 
simple brake wetted | by a hand-wheel and screw, as shown in 
our illustration. 


The boiler is placed near one end of the carriage, and is of a 
class with Banging tubes patented by Mr. Chaplin; it is shown 
in section in Fig, 2. From the figures it will be seen that it, is 
an upright boiler with an internal firebox, in the slightly arched 
roof plate of which are screwed a number of wrought-iron tu 
welded up at their lower ends. It is in the disposition of these 
tubes that the chief peculiarity of the hoiler consists. As will 
be seen from Fig. 2, they are all inserted in the arched top 
plate of the firebox at right angles to it, and their lower ends 
are thus inclined inwards. The interval between the lower ends 
of the inner circle of tubes is filled by a plug of fireclay, and 
the flames from the fire are thus caused by the action of the 
draft to strike against the sides of the firebox, after being de- 
flected from which they pass in between the tubes to the cen- 
tral flue leading to the chimney. By this arrangement the 
flames are made to act upon the whole of the tubes instead of 
upon the central ones only, as would be the case if they merely 
hung down perpendicularly from the roof of the firebox. In 
some boilers on this principle, made by Messrs. Chaplin, the 
tubes are inclined to such an extent that the lower ends of the 
inner circle nearly or quite touch each other; in these cases the 
fireclay plug can be dispensed with. Nothing is introduced within 
the hanging tubes to aid the circulation of the water, Mr. Chaplin 
having found by experiments that any appliances for that pur- 
pose were not only unnecessary, but prevented the tubes from 
clearing themselves of sediment. In Mr. Chaplin’s boiler, the 
steam is disengaged in the tubes in a series of sudden bursts or 
very small explosions, these explosions effectually driving out any 
foreign matters that may have been deposited in the tubes. 

As an instance of the successful working of these boilers, we 
may mention that one of them was fitted to a small screw 
steamer, the Rifle, about ten months ago, and has since been 
working in the most, satisfactory manner. According to the 
last accounts we have heard of it, about two months ago, the 
tubes had neither been cleaned nor shown any signs of requir- 
ing cleaning, and in fact the boiler had given no trouble whatever. 
The boiler of the Rifle has been run the greater part of the time 
with salt water; and as it is worked at 70 lb. per square inch, the 
self-cleansing action of the tubes has undergone a severe test. 
Amongst the other advantages possessed by this boiler is that of 

iving abundant space above the grate for complete combustion ; 
it is well adapted for use with small coal, wood, or peat, and is 
found to generate steam freely and economically. ‘The tubes, 
being only held at one end, are, of course, at liberty to expand 
freely, and in case of accidental injury to any one of them, it can 
be easily replaced by the engine driver or fireman. The boiler 
of the traction engine is male with double rivetted longitudinal 








Fig. 2. 


seams, and the sides of the firebox are strongly stayed. It is 
worked at a pressure of 100 lb. per square inch, We may men- 
tion here that the boiler which we have just described is of the 
same class as that applied to Messrs, Chaplin’s contractors’ 
locomotives, of which a notice appeared in this journal a few 
weeks ago.* For traction and other engines working up steep 

adients it possesses the advantage of having its water level but 
ittle disturbed by the inclination of the road. 

The boiler of the traction engine forming the subject of the 
resent notice is yn wg od furnished with all the necessary 
ttings, and is fed either by a Giffard’s injector, which is fixed 

to it, or by a donkey engine. The donkey engine is fixed to one 
of the frame ne of the carriage, just ese the main cylinder, 
as shown in Fig. 1. It has a cylinder 3} in. in diameter an 
6 in. stroke, and works two oe the one being a force-pump 
for feeding the boiler, and the other a double-acting lift-pamp, 
supplied with a flexible suction hose, for raising the water into 
the tank. Both the pumps, with their valves and seats, are of 
brass, the lift-pump having a barrel 4in. in diameter, with a 
stroke of 6 in. The feed water is contained in a tank of a horse- 
shoe form in plan, placed upon the top of the carriage frames as 
shown in the illustration. The tank holds about 600 gallons of 
water, and sufficient fuel for a day’s work can be conveniently 
stored within the space enclosed by it. 

The platform of the engine is very commodious, and allows 
the driver plenty of room to perform his work; in this respect 
it forms a strong contrast with those of ordinary traction engines, 
which are generally far too cramped. The platform is covered 
for its entire length with a roof of corrugated iron, supported by 
light pillars, and the driver and steersman are thus protected 
from the weather ; this covering is, we believe, quite a new fea- 
ture in traction-engine construction, although it has for some 
time been applied to locomotives, ‘The driving wheels are fur- 
nished at the top with sheet-iron covers, and the cylinders, 
guide bars, &c., are protected from the dust by canvas screens. 
Footsteps are fitted to each side of the engine to give access to 
the platform. 

The traction engine which we have been describing weighs 
12 tons when empty. It has been severely tested in Glasgow 
by drawing marine boilers of the heaviest class (the weights 
being from 80 to 40 tons), from the works of Messrs. R. Napier 
and Sous, Messrs. Tod and Macgregor, and Messrs. Randolph 
Elder and Co., to vessels lying at the large crane, the engine an 
load having sometimes to pass en route over Glasgow-bridge (the 
aproaches to which are about as steep as those to London-bridge) 
and other inclines. The engine has also conveyed a small iron 
vessel, weighing, with the truck upon which it was carried, about 
45 tons, a distance of two miles over ordinary paved streets, 
mounting in the course of its journey an incline of about 1 in 80. 
Such performances are extremely satisfactory. 








Gas CoaL.—On Friday last an explosion of gas, spontaneously 
generated from a cargo of gas coal, nearly destroyed the Leipsic 
steamship, bound from Hartlepool to Antwerp. The decks were 
blown, up, and the cabin fittings fired. 

Gas IN THE City or Lonpon.—The Great Central Gas 
Company divide a 10 per cent. dividend for the last half year, 
and carry forward a balance of 21337. At Christmas last the 
price of the company’s gas was reduced to 4s. per 1000, and the 
directors hope to be enabled to reduce it to 3s. 6d. per 1000 next 
year. The report refers to the Parliamentary committee of 
inquiry into the operation of the Gas Act of 1860, and expresses 
the opinion of the directors that the company has nothing to 
fear from the result of that inquiry. 








* ENGINEERING, March 23rd, 1866, page 189. 
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RAILWAY WHEELS. 

On the 24th ult. a paper was read before the Insti- 
tution of Civil Engineers by Mr. 'T. A. Rochussen, 
Assoc. Inst. C.E., “On the Performance, Wear, and 
Cost of Maintemance of-Rolling Stock.” Mr. Ro- 
chussen’s paper Was coufined to a consideration of the 
practice of the Prussian railways, and contained several 
tables embodying the statistics of the Cologne-Minden, 
the Bergish-Maerkish, and the Rhenish lines. The 
tables related to the year 1864, and contained the par- 
ticulars of the locomotives, carriages, and waggons, 
with the cost of repairs and renewals, and also an ac- 
count of the work done by the engines in 1864, the 
cost of motive ‘power, the repairs and renewals of 
engine tyres, ail the commercial results. The 
sults of observations made upon about 25,000 tyres, of 
various makes and materials, which had*been used on 
the Cologne-Minden line during the twenty years from 
1845 to 1864 inelusive, were also given. It appears 
that on the Prussian lines spoked wheels have been very 
generally replaced by those of a dise form, the discs 
be ng originally formed of wood, but how usually of 
iron or steel. The first form of iron disc-wheel used 
in Prussia was introduced in 1848, and consisted of a 
circular plate of w rought iron flanged over at the peri- 
phery and indented with five triangular bulges be- 
tween the rim and the boss. The boss was cast upon 
the plate, and, being 11} in. in diameter, it was very 
heavy. ‘This of wheel, although 
ported the tyre well, and was found to he very durable ; 
and an instance was quoted by Mr. Rochussen in which 
a, pair of these wheels, with iron tyres, had run 116,000 
miles without the tyres requiring turning. Whether 
this performance was really as good as it at first sight 
appears to be would of course depend upon the load 
which the wheels had to carry, the speed at which they 
were run, and the kind of road on which they per- 
In 1862 a form of w rought-ire hh 
Prussia which could be 
It was, 


re- 


class noisy, sup- 


formed their mileage. 
dise wheel was introduced in 
manufactured both cheaply and expeditiously. 
however, found that the fine grain of the iron, which 
the flanging of the periphery rendered it necessary to 
employ in its construction, made it too rigid, and atten- 
tion was therefore turned to obtaining more elasticity 
both by modifying the form of the dise and by using 
a different material. The dise itself was therefore 
corrugated, and was made of fibrous iron, the rim 
being formed by a ring of fine-grained angle iron ri- 
vetted to the dise plate ; subsequently, however, these 
two parts were united by welding. 

An improved form of the corrugated wrought-iron 
dise wom, wesson out in 1864, in which the iron used 
was highly fibrous. This wheel was made by forging 
a circular slab, with a projecting boss on each, this 
slab being reheated twice and enlarged by quick rolling 
to about 3 ft. in diameter. A rim was welded on the 
dise thus formed, under a steam hammer, which at the 
same time punched the hole in the boss and gave the 
corrugated form to the dise. At first, after the rim 
had been turned up, the tyre was shrunk on and 
secured by bolts; but since 1864 the tyres, whether of 
iron or steel, have been welded to the dises by hydrau- 
lie pressure. Mr. Rochussen considered that the dise 
wheel, in the form just described, gives the greatest 
amount of strength, the tyre being well supported m 
all parts, whilst the form of the fibrous iron dise gives 
elasticity . there are no joints or rivets to become loose, 
and after the tyre has been worn out it can be turned 
down so as to form an ordinary wheel rim, and another 
tyre shrunk on. It was asserted by the author of the 
paper that, “ with stecl tyres these wheels would run 
* from 300,000 to 500,000 m les before requirmg a new 
“tyre; and that by grinding the tyres instead of turn- 
“ing them their life would be prolonged from 50,000 
* to 60,000 miles.” 

In addition to the wheels already mentioned, Messrs. 
Krupp, the Bochum Company, and, we believe, some 
other Prussian steel manufacturers, have introduced 
dise wheels made of cast steel. Krupp’s wheels were 
not alluded to by Mr. Rochussen, although some of 
them were exhibited in the International Exhibition 
of 1862; the) are made by forging an ingot of steel 
into the form .of a disc, and ther passing it quickly 
through a pair of rollers, each having a recess formed 
in it equal in width to the diameter of the boss. The 
point of the cireumference of the disc W hich first enters 
the rolls is changed every time the dise is passed be- 
tween them ; and whilst the dise itself is thus flattened 
and extended, a central boss is formed of a shape due 
to the recesses in the rolls. ‘the disc is afterwards 
hammered over on the edge so as to form the rim, to 
which the tyre is attached in the usual way. ‘The 
wheels of the Bochum Company have corrugated discs, 
and are made either with separate tyres or with tyres 





in one piece with the rim. In this country a number 
of cast-steel corrugated disc wheels have been made by 
Messrs. Naylor, Vickers, and Co.; a few of these 
wheels have been of large size, but most of them are 
of the sizes generally used under carriage stock. 
There seems to be question about the strength or dura- 
bility of the wheels, the principal objection to their 
use being their cost. 

Mr. Rochussen’s paper was confined to the consider- 
ation of Prussian jt practice, but on many points 
his remarks would apply to that of English lines. On 
most of our minaiial he the use of dises for carriage 
wheels is rapidly extending, but they are generally 
made of _ instead of iron or steel as on the Prus- 
sian railways, the tyres being secured either by Man- 
sell’s or Beattie’s fasteners. On the South Eastern Rail- 
way wooden dise wheels have also been applied to 
some of the tenders; and some time ago we saw a six- 
wheeled coupled engine on the same line which had 
been fitted with them. Wooden dise-wheels, when 
well made, are found to answer capitally for carrying 
stock ; they greatly reduce the noise, and seem to en- 
tirely prevent the crystallisation of the axles; wheels 
of a form also raise far less dust than those 
with spokes. . For engines dise-wheels have tlie ob- 
jection of preventing the access of light to the 
working parts, and rendering them less accessible; 
but they have nevertheless been applied in a good 
many instances. Both here and abroad, the use of 
steel tyres for both engines and carrying stock is on 
the increase, and in this country tyres made by our 
own manufacturers are gradually becoming equal to 
those furnished by Continental firms, although the latter 
are still supplying increasing quantities. For axles, 
also, steel is being used to some extent, but the advan- 
tages gained by the application of the material in this 
form are not so marked as in the case of tyres. In 
several instances the size of the steel axles was re- 
duced too much below that of the iron axles which 
they replaced, and breakages, causing much trouble 
and annoyance, were the consequence. 
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AMERICAN TWIN-SCREW MONITORS. 
To tue Eprror or ENGINEERING. 
Str,—The bulk of your readers are probably as 
ignorant of the peculiar features of American war 
vessels as, until quite recently, I was myself. But, as the 
subject is one of great interest, a brief description of a 
recent class of monitors with twin-screws may not be 
unacceptable. I therefore forward an extract from a 
letter which I have just received from America, which 
gives some particulars of those vessels. 
I am, Sir, your obedient Servant, 
April 28, 1866. Joun Bourne. 
“We have four double-turreted vessels of the Kalamazoo 
class, with 15 in. turrets, precisely like those of the Dictator, 
14 in. side armour, and 3 in. deck plating, all in a forward state. 
Indeed, the Kalamazoo remains in the ship house merely because 
she is not wanted. Boilers, engines, and turrets are all ready. 
Like the smaller Monadnock class of double-turret vessels, the 
Kalamazoo and her sisters are built of wood of immense strength. 
All are provided with two propellers, each 15 ft. in diameter, 
worked by independent engines—an arrangement which, for 
coast defence, is important. These powerful vessels draw only 
17 ft. Length, 345 ft.; beam, 56 ft. 8 in.; estimated speed, 
11 knots.” 





NEW DOCK WORKS, SUNDERLAND. 

Tue bridge across the junction entrance, being the first portion 
of the work in connexion with the new Hendon Dock, was 
opened on Wednesday, the 25th ultimo, by the chairman of the 
Commissioners of the River Wear. 

The bridge, which is of iron, is lifted off its supports by means 
of a hydraulic press. It works on a water centre beneath the 
pivot of the bridge. After being lifted about 2 in., it is swung 
round by means of handles attached to each wheel-work. The 
total weight is ubout 100 tons, its length 110 ft., span 60 ft., 
its breadth 12 ft. 6in., depth of outside girders at centre 5 ft. 
The bridge, on being swung round, worked admirably. 

These dock works, which have progressed most favourably 
since their commencement two years ago, are expected to be 
ready for opening throughout on the Ist October next. ‘They 
are from the designs and under the direction of Thomas Mvik, 
the commissioners’ engineer, Messrs. Sir W. Armstrong and Co., 
Newcastle, being the contractors for the machinery. 





Turust Beartnes.—The specification of a patent, dated 
May, 1865, has just been printed, wherein Messrs. Read and 
Fyfe claim the use of revolving balls between the collar of the 
screw-shaft of screw steamers and a fixed ring placed to take 
the thrust. The arrangement is a clumsy one, and the balls 
would soon cut into the surfaces upon which they roll, and they 
would soon also lose their own form. Balls have been applied 
for diminishing the friction of turntables, but they can never be 
depended upon to keep their form. In the States, an arrange- 
ment of double conical rollers is employed for the centre bear- 
ings of turntables, and these rollers, patented in England in 
1858, have been applied also to thrust bearings. But although 
we have seen steamers in which these bearings had made up- 
wards of thirty million revolutions, and were well spoken of at 
the time, we believe that they are now but little use 





TWIN LOCOMOTIVES. 
» Mr. Crampton, twenty years ago (see his patent of 
August 25th, 1846), proposed to employ two locomo- 
tives coupled by their footplatesjireases where a single 
engine of great weight would %@ otherwise required, 
Coke-boxes were to be placed *heneath the footplates, 
and water might be carried in #tanks on or under the 
boiler; although the originak* plan was to have a 
tender, for water only, between the smokebox end of 
the hindmost engine and the train, both engines draw- 
ing their supply of water from this source. 

Twin engines upon this plan, but having no separate 
tender, were employed for many years, and perhaps are 
still employed, for working the Giovi incline of the 
Turin and Genoa Railway. This incline is 6 miles 
long, and has an average rise of 1 in 36, although for 

} miles it is as steep as 1in 29. ‘To make the ease 
worse, there are several long tunnels upon the incline, 
and in these the rails are always damp and greasy, so 
that an adhesion of not more than one-tenth the weights 
upon the driving-wheels can be counted upon. The 
engines were made by Messrs. R. Stephenson and Co., 
the largest sizes weighing 65 tons per pair. They have 
each 16 in. cylinders, 22 in. stroke, and six coupled 
wheels 4 ft. in diameter. They are worked at a steam 
pressure of only 100 1b., and take up a load of ten 
waggons, weighing 118 tons, at a mean speed of 10 
miles an hour. 

The late Mr. Robert Stephenson recommended the 
use of two engines, coupled together, for heavy work, 
and pairs of very heavy four coupled locomotives were 
made, by his advice, we believe, for working the steep 
inclines of the Bhore Ghaut and the Thul Ghaut of the 
Great Indian Peninsula Railway. These engines have 
not, however, been used, as we understand, and large 
single engines have been made to take their place. 

The only advantage which can be urged in favour of 
twin locomotives is the distribution of a great total 
weight over an increased length of rail, and upon an 
inereased number of points. The Giovi engines have 
a weight of 65 tons distributed over a total length of 
rail, or wheel base, of about 30 ft., and yet the wheel 
base of each single engine, or the measurement which 
governs its freedom of motion in curves, is not much 
more than 12 ft. Again, the whole weight is distributed 
upon twelve wheels, being less than 54 tons on each 
wheel. To construct an engine upon the ordinary 
system, with all coupled wheels, and weighing 65 tons, 
not more than four pairs of coupled wheels, nor a wheel 
base longer than 16 ft. or 17 ft., would be employed. 
The extra friction and strain due to coupling have been 
supposed to increase rapidly with the number of wheels 
coupled ; and as for the wheel base, a length of even 
20 ft., with the ordinary system of parallel axles, is out 
of the question for lines with curves of even 15 chains 
radius, and radii of 10 chains, and of 5 chains, and even 
of-3 chains are now becoming more or less common. 

But there are many objections to twin locomotives, 
especially if coupled so as to be worked by a single 
engine-driver. And the objections would become still 
greater if these were employed for short passenger 
traffic, as on the incline of 1 in 27 at Oldham, and 
that, of the same inclination, to be made on the Hamp- 
stead extension of the Metropolitan and St. John’s 
Wood Railway. The most serious objection in such a 
case would be, that the driver’s attention would be 
divided between two engines, and that his attendance 
upon the hindmost engine would necessarily interfere 
with his proper constant look-out ahead. He would 
require to open and close two regulators in starting 
and stopping, for every station, although the stations 
might be but little more than one quarter of a mile 
apart. Not only this, but there would be two sets of 
reversing and expansive gear, two fires, two dampers, 
two safety-valves, two steam gauges, two sets of gauge- 
cocks, two gauge-glasses, two blowers or chimney- 


jets, and two injectors, requiring almost constant at- 


tention. For lines in tunnel, where the exhaust steam, 
as on the Metropolitan Railway, is turned into a con- 
densing tank, there would be two condensing-cocks to 
be looked after, and, we may add, two saudboxes with 
their rods and levers. Of all this duplicate apparatus, 
eacl: set would be wholly distinct from and indepen- 
dent of the other. The stoker would have two separate 
fires to manage, and there would be two separate brakes. 
There would be twice as many joints and wearing 
surfaces to oil, and twice as many stufling-boxes to 
keep in order. On steep inclines the foremost engine 
would, in ascending, carry the greater volume of its 
water over the firebox, but in the hindmost engine the 
water would drop at the firebox end and rise tow ards 
the smokebox. The engine-driver would require to 
perfectly accustom himself to high water in one gauge 
glass and low water in the other at the same moment 
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and should he, by any chance, and while in a dark 
tunnel, mistake the glass which showed low water for 
that which should be nearly or quite full, he would 
probably burn the firebox of the foremost engine, and 
possibly cause an explosion. 

There are other and more general objections to twin 
engines. The wear and tear of locomotives are not in 
exact proportion to their size, nor is their consumption 
of fuel. It would cost more to work forty locomo- 
tives of 20 tons weight, than to work twenty locomo- 
tives of 40 tons weight. The wear and tear and the 
cost of repairs are governed much more by the num- 
ber of: wearing parts than by their size. The smaller 
engines would radiate more heat, and condense more 
steam in their cylindersyin proportion to the work 
done, than would the larger ones. Besides, the hind- 
most engine would be always working in the dust 
thrown up by that in front, and this circumstance alone 
tells greatly upon the wear of engines which run for 
any considerable length of time behind their load, and 
it is one of the worst objections to the steam tenders 
employed on the Great Northern line. 

We do not think, therefore, that the problem of very 
powerful engines for short passenger traffic, especially 
for steep inclines, is likely to be satisfactorily solved 
by the use of twinlocomotives. So far as an increased 
number of wearing parts is concerned, and the working 
of one set in the dusty wake of another, all engines 
having cylinders at both ends are open, perhaps, to the 
same objection; but the greatest real objection to twin 
engines is, we consider, that of a constantly divided 
attention on the part of the engine-driver. In engines, 
however, upon Mr. Fairlie’s plan, although there are 
two distinct sets of working machinery, and a great 
total length and great flexibility of the wheel base, 
there is but one regulator, one reversing lever, one set 
of safety valves and gauge cocks, one steam gauge, one 
gauge-glass, one injector, one damper rod, one con- 
densing cock, one sand-box rod, &c., &c., where in the 
twin arrangement there are two throughout. 

The adoption of steel tyres and of steel rails have 
completely altered the conditions which governed the 
permissible weight of locomotives twenty years ago. 
A steel tyre loaded with 10 tons will not wear so 
rapidly as an iron tyre loaded with one-half that weight. 
And again, the wear of steel is more uniform than that 
of iron; and coupled wheels, where steel tyres are used, 
better maintain an equal diameter. We have been 
long familiar with six-coupled goods engines, and 
although their leading wheels may strain the perma- 
nent way, they have been found to give out a high 

roportion of their theoretical power in useful work. 
Tn other words, it has been long since established that 
the coupling of their wheels does not sensibly impair 
their efficiency. The reason why six-coupled engmes 
have not been more employed for passenger trains is 
that they have not been required, but where the resist- 
ances of passenger trains are very great, six-coupled 
wheels are, of course, as applicable for passengers as 
for goods. 

With steel tyres and steel rails, it is as practicable and, 
we believe, as economical in proportion to the useful 
work done, to carry 40 tons or 42 tons upon six- 
coupled wheels as it is to carry 30 tons upon the four- 
coupled wheels of the present North. London and 
Metropolitan passenger engines. The conditions of 
working short passenger traflic are much the same as 
for goods. The speed never can be great; there is 
not time nor distance within which to get up speed, 
and 25 miles an hour may be set down as the maxi- 
mum. ‘There are plenty of six-coupled goods engines 
with wrought-iron tyres running upon iron rails, and 
which weigh from 30 tons to 35 tons, and they are 
found to work economically as well as efficiently. But 
these are goods engines, with cylinders of from 16 in. 
to 18 in. only in diameter, whereas with the work to be 
done upon metropolitan lines with stations at short 
intervals, and ms the steam is run down, in 
tunnels, to 60 1b. or 8Olb., 20in. or 21 in. cylinders 
even for driving wheels only 4$ft. in diameter, 
are required to properly work the traffic up the steeper 
gradients now proposed. The weight of such engines 
cannot therefore be kept down to 40 or 42 tons, but 
the additional weight may be carried upon a Bissell 
bogie of four wheels, and although the wheel base 
may thus extend to 24ft., the strain upon the per- 
manent way would be practically no greater than with 
an ordinary six-coupled engine covering 15 ft. Indeed, 
with the ordinary bogie pivotting upon its own centre, 
the ten-wheel (six-coupled) engines so largely employed 
in the States work freely around ten-chain curves, 
although the extreme wheel base is upwards of 20 ft. 
and occasionally 23 ft. 
Our own choice for a class of engines to work in 





tunnels, and which would require to move trains of 
from 60 tons to 80 tons besides their own weight, 
getting up a speed of 25 miles an hour within the half 
minute, and working upon inclines of 1 in 27, would 
be as follows: Six-coupled wheels, 44 ft. in diameter, 
and a Bissell bogie of four wheels, 3 ft. in diameter. 
The front pair of coupled wheels to have no flanges. 
The total aa base to he 24 ft.; the distance between 
the back and middle and middle and front coupled 
wheels being 7 ft. respectively, and from the front 
coupled wheels to the centre of the bogie 7 ft. also; 
the bogie wheels being 6 ft. from centre to centre. 
The cylinders, outside, and inclined 1 in 9, to be of 21 in. 
bore, and for a 24in. stroke; the connecting rods to 
work upon the middle pair of coupled wheels. The 
boiler to be 43 ft. in diameter, and to contain 200 
tubes 2} in. in diameter and 14 ft. 6 in. long. The 
firebox, made as in Mr. Cudworth’s engines, to have 
an inclined grate and deadplate, together 9 ft. long, 
the grate passing 15 in. above the centre of the hind 
axle. The arrangement of tanks, &c., to be as in pre- 
sent Metropolitan engines; the weight of the water, 
1500 gallons, to be kept well over the coupled wheels. 
These engines would weigh about 55 tons, of which 
about 42 tons would be on the coupled wheels and 13 
tons upon the bogie. They would work easily through 
six-chain curves, and would be no more trying to the 
permanent way than the 42-ton engines now in use. 
At the same time the effect of great weights ought to be 
mitigated as much as possible, and we believe that the 
introduction of wood seating between the tyres and the 
wheels, or perhaps Mr. Adams’s arrangement of hoop 
springs, would greatly increase the ease of working 
the present engines. In the States the wood seating 
has bons long and most successfully employed. 

As for twin engines, we believe that well designed 
ten-wheel engines, such as we have been considering, 
would be more cheaply and far more safely worked 
than two locomotives working together could ever be. 
But, however the design of locomotives may be decided, 
it is certain that far greater engine power than has yet 
been employed must be adopted for the very short 
traffic of the newer metropolitan lines. 


SEAWORTHINESS OF AMERICAN 
MONITORS. 
To THE Eprror oF ENGINEERING. 

S1r,—In the Naval Intelligence of the Times of Tuesday, will 
be found the substance of some letters from Valparaiso, testify- 
ing to the excellent seaworthy qualities of the monitor Monad- 
nock, which had recently arrived there from the United States 
after doubling Cape Horn. It is stated that this vessel ‘ made 
“ an excellent voyage out, requiring no aid from any of her con- 
“‘ sorts during the whole time. She encountered the gales met 
“ with as well as the best-behaved ship of the squadron. Her 
“ turrets each carry two 15 in. guns, and her sides, as she lay in 
“* Valparaiso bay, were but 15 in. out of water.” Now it will 
occur to most persons that if 15 in. height of side are sufficient 
for seaworthiness, there cau be no sufficient ground why our 
own new turret vessel, the Monarch, should have sides 14 or 
15 feet high. The onus probandi rests upon those who recom- 
mend such exalted -structures, seeing that high sides and thin 
armour are but difivrent modes of expression for the same 
thing. Iam, &c., OBSERVER. 














HotyHEeAD.—The vote of 42,1112. for Holyhead, Port- 
patrick, &c., harbours of refuge, was agreed to in the House of 
Commons on Monday night. 

Nirro-GLYCERINE.—A_ tremendous explosion of about 
seventy cases of nitro-glycerine, the new explosive oil, lately 
took place on board the steamer European, while lying at 
Aspinwall (Colon), on the Atlantic side of the Isthmus of 
Panama. It is supposed that one of these cases ignited or ex- 
ploded by concussion, and as the explosive force of nitro- 
glycerine is said to be much greater than that of gunpowder, 
the result was a tremendous shock which destroyed the wharf, 
with property valued at 1,000,000 dols., and was fatal to many 
persons ashore as well as to those on board the European. When 
the Royal Mail steamer Tamar left Colon the number of those 
who lost their lives had not been accurately ascertained, and the 
estimate varied from fifty to eighty persons. Another and fear- 
ful explosion of nitro-glycerine is reported from San Francisco. 

TAaNGYE v. Srorr.—The defendant in this extraordinary case 
has appealed against the late decision of Vice-Chancellor Wood, 
whereby Messrs. Tangye Brothers and Price’s rights to the 
patent differential pulley blocks invented by Mr. Weston were 
confirmed. 

Tue Roya Encrycers.—The annual dinner of the Royal 
Engineers is appointed to take place on Friday, the 11th inst., 
instead of the 12th, as originally fixed, at Willis’s Rooms, King- 
street, St. James’s. His Royal Highness the Duke of Cambridge, 
as colonel of the corps, will preside. 

Tue Rattway Guarps.—The third triennial festival of the 
Railway Guards’ Universal Friendly Society was held, on Friday 
evening last, at the Freemasons’ Tavern, Sir Morton Peto in the 
chair. The society has been in existence seventeen years, and 
has paid to various claimants 18,3001, Twenty of the members 
are either partially or wholly disabled, and they receive allow- 
ances from the society amounting to 4877. per annum, to which 
they are entitled for life; and one of these disabled members 
who has been totally paralysed for years past, has alone received 
from the funds a sum of 812/, 





CAUSEWAY ACROSS THE SOANE 
RIVER. 


In the second division of the Grand Trunk Road, 
which lies within the Lower Provinces, Bengal, the line 
of communication is intercepted by the River Soane, the 
passage of which during the dry season formerly con- 
stituted one of the greatest difficulties of the whole 
line, in the passage of which extra bullocks accustomed 
to the work had to he employed to aid in the long and 
tedious passage of this difficult river bed. 

The River Soane partakes of the character of a hill 
torrent, and is consequently subject to fléods during 
the cold season, and even in the early part of the hot, 
at Christmas, for instance, and in March and April. 
At the point where it crosses the Grand Trunk Road, 
its breadth from ghaut to ghaut is 12,744 {t., or 2 miles 
3 furlongs and 68 yards in a straight line. Of this 
length, during the dry season, about 1600 ft. consists 
of shifting channels and still water, which must be 
crossed by bridge or by boats, leaving about 2 miles 
of sandy road to be made practicable for traffic. 

In the year 1849, with a view to accelerating the 
pace of the mails on the Grand Trunk Road, the Post- 
master-General requested that an earthen road might be 
constructed across the sandy bed of the river as soon 
as the subsidence of the stream rendered it practicable, 
representing that such a measure would cause tlie 
saving of a whole hour in the crossing of the Soane 
alone. On consideration, however, it was determined 
that such an expedient would not only prove very ex- 
pensive, but it could at best only serve as a temporary 
relief, liable to destruction by the first flood that might 
occur after its completion. A second scheme for lay- 
ing a wooden platform along the bed of the river was 
also abandoned, because the floods generally coming 
down very suddenly would not allow time for its being 
taken up, and the great distance it would have to be 
laid down would have rendered any expeditious re- 
moval of it impracticable ; and, in the event of a flood 
occurring during the night, such a platform must of 
necessity have been destroyed. Major F. Knyvett, 
the executive oflicer, second division, Grand ‘I'runk 
Road, with a view to effectually and permanently meet- 
ing the requirements of the case, submitted designs 
for a solid concrete causeway, covered with a slab 
stone flooring; the project was, however, received 
with much caution, and, in order to test its efficiency 
and durability, sanction was given in 1850 to the ex- 
perimental formation of a length of 150 yards. A 
variety of circumstances caused much delay in con- 
structing the experimental piece of causeway, and it 
was not until the middle of June, 1853, that a section, 
165 ft. in length, 164 ft. wide, and 4 ft. thick, was re- 
ported completed, at a cost of twenty-two shillings per 
running foot. 

The success of this experiment was so far satisfac- 
tory that it was determined to complete the work, 
commencing near the eastern bank of the river, and 
sarrying it forward towards the dry-weather stream. 
A small portion only was constructed each year, but 
during the progress of the works a temporary roadway 
of earth was annually constructed between the terminus 
of the causeway and the bridge of boats across the dry- 
weather stream. By the end of the years 1857-8 a 
length of 5080 running feet had been completed, at a 
cost of 6986/.; by December, 1860, that length had 
been increased to 5562 ft., and the total length of 
11,450 ft. was completed in March, 1868, at a total 
cost of about 21,0007. 

The system of constructing the Soane causeway was 
as follows: A double row, 17 ft. apart, of piles was 
first driven into the sand to a depth of from 8 ft. to 
10 ft., the sand was then excavated to a depth of 6 ft., 
and a bamboo framework covered with tar-leaf matting 
was driven in alongside the piles to prevent the sand 
from falling in from the sides. A concrete was then 
formed in a dry state, consisting of two parts of un- 
burnt ghooting (nodules), one part of half-burnt ghoot- 
ing, one part of well-burnt ghooting reduced to a 
powder, and one part of soorkee or brick powder, 
The ingredients were roughly mixed in a dry state, 
and old gunny-bags filled with it. These bags were 
carefully placed by hand round the sides of the coffer- 
dam in the first instance, and the centre closely 
packed with them afterwards; the water at the bottom 
of the excavation, slaking the half-burnt and powdered 
lime, caused the material to swell, and the bags, already 
tightly packed, became so jammed together that they 
formed one compact mass of concrete. In all the 
work done since 1860 the concrete has been mixed 
with water in the usual manner before bagging, as it 
was found that in using it dry the materials compos- 
ing the concrete were detached in the bags during 























































































ENGINEERING. 











[May 4, 1866. 








CAUSEWAY ON THE RIVER SOANE (INDIA). 












da 


Fall 1-99 in 253 











their carriage from the trough to the site where they 
were to be placed, and the lime all got to one 
end of the bag and the shingle to the other; also, in 
consequence of the difficulty in procuring gunny-bags, 
which cost as much as 18s. to 20s. per 100 cubic feet 
of concrete, palm-leaf mats sewn together were in the 
latter portion of the work used in their stead. 

Six inches of hydraulic mortar was now placed over 
the bags, independent of that expended in filling in the 
unevenness of the surface. Over this again 18 in. of 
flat stone rubble masonry was built, to afford an even 
bearing for the slabs, which were now placed close to 
each other, and imbedded in 6 in. of the finest hydraulic 
mortar well grouted in the joints. The surface stone 
consisted of roughly cut slabs 1 ft. thick, from 1 ft. to 
1 ft. 6 in. broad, and alternately 9 and 7 ft. long, so as 
to break joint with each other. All irregularities of 
the lower surface of the slabs being carefully backed 
up with rubble stone, the joints made as narrow as 
possible without actually dressing the stone, and 
thoroughly filled up, grouted, and pointed with the best 
Kunkur lime and soorkhee hydraulic mortar, any, con- 
siderable roughness and irregularities of the surface 
were then chipped down and levelled, without any 
attempt being made at anything like fine dressing the 
surface of the stones, as that would have made the road 
dangerously slippery. 

The above ‘fastrations, showing a section of the 
river bed and details of masonry causeway, will, with 
the foregoing description, convey a tolerably accurate 
idea of the nature of the work. 

The only injury the work ever sustained was caused 
by the floods of 1856, which, undermining the head of 
the causeway, destroyed about 15 running feet. This 
injury was remedied, in the following working season, by 
viling and sinking blocks round the head to a depth of 

3 ft., afterwards increased to 20 ft. No other portion of 
the work has ever received the slightest damage from the 
floods passing over it. The surface of the causewa 
being laid a little below the usual surface of the sand, 
it is covered by it during the floods, and is thereby 
+ emma At the commencement of each dry season 
abourers are employed to clear away the sand, and so 
render the causeway again passable for traffic. 

With reference to the temporary road formed each 
year to connect the causeway with the banks of the 
river at Baroom and Dehree, the cost incurred for 
construction and maintenance for the three years 
1855-56 to 1857-58, inclusive, amounted to 2673/. The 
method of construction was to lay fascines or loose 


brushwood on the sand, filling up the crevices with 
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sand; a layer of earth six feet thick was then put over 
all, and kept well watered. ‘This made an excellent 
fair-weather road, but got much cut up after a shower 
or two of rain; when i, however, a cart could pass 
over it as rapidly as on any portion of the grand trunk 
road itself. There were no difficulties of construction 
on the eastern side of the river: the only delays were 
caused by making temporary bridges where necessary, 
and carting the brushwood and earth on the Dehree 
side. Some little difficulty was experienced, in October 
1857, in driving bridge piles into the sand where the 
depth of water was eleven or twelve feet, and the 
current strong; but, notwithstanding this, the main 
bridge was ready for traffic on the 20th of November 
following, before the water had entirely subsided from 
the causeway itself, and the whole road was open on 
the 1st of December, and remained open until the 
15th of June, 1858, on which date the Davetiine of 
the bridges was commenced in anticipation of the 
season’s floods. 

The causeway, as it now exists, forms, from December 
to June in each year, a convenient roadway across the 
bed of the river Soane, which is, as above stated, 
about two and a half miles wide, and as the portion 
executed in 1853 is still in as good order as when 
first laid down, there is little doubt that it may be 
considered as a permanent work ; but it is sadly in- 
complete until some sort of superior dry-weather 
bridge be constructed to connect its extremity with 
the west bank of the river, where a gap still exists of 
about 950 ft., through which the causeway cannot be 
extended, as in January there is generally from six to 
eight feet of water, and seldom, even in May, less than 
two or three feet. This is now bridged annually with 
a miserable temporary pile-and-boat bridge, not un- 
frequently liable to Be we under heavy traffic, 
although constructed of the best materials available on 
the spot, and which costs annually a large sum for 
erection and maintenance. 

In conclusion, it may be added that the causeway is 
laid with its surface lew the general level of the 
sands forming the bed of the river, to avoid its ever 
ates as a slight sunken weir during floods, which 
would infallibly lead to its destruction, and that, con- 
sequently, the first flood which fills the bed of the river 
covers it up with sand, which, even should the water 
again subside, renders it useless for the remainder of 
the season ; that at the close of each rainy season it 
has to be cleared of the sand overlying it, in places 


necessary to maintain an establishment for the purpose 
of keeping it clear, without which it would soon be- 
come covered with drift sand during strong winds. — 

The great advantage of this work consists in its 
affording a hard good road across the all but impass- 
able sands of this river; it is by no means superior to 
the metalled temporary roads annually constructed 
across the similar beds of the minor unbridged rivers 
intercepting the Grand Trunk Road in other places ; 
but in the case of the Soane, from its immense width, 
the cost of such a road, the earth of which would have 
to be brought from the banks, would not only be ex- 
cessive, but it could not, with any available amount of 
labour, be completed and opened for traffic for a very 
long time after the fall of the river rendered its con- 
struction, or the clearance of the causeway from sand, 
possible. d 

The expenses of maintenance and repair do not fall 
entirely on the revenues of the state. The levy ofa toll 
on all cattle and carts making the passage not only 
furnishes sufficient to cover such expenses, but affords 
also some return to Government on the outlay incurred 
on its construction. The question as to the a 
of Government levying tolls on imperial lines of road 
has often received careful consideration in India; but 
however such a policy may be open to criticism, so far 
as it refers to those portions of such roads as pass along 
the flat country, where toll-bars may be avoided by 
making a slight detour on either side, there can, we 
think, be no ground of complaint in the levy of tolls 
at such points as the passage of rivers, or other great 
obstacles on the line, where traffic has been greatly 
benefited and accelerated, by the outlay of large sums 
from the public purse; for time is money, as well in 
India as in other countries, and no legitimate traffic 
can justly complain of having to pay for conveniences 
provided by others for its accommodation at the expense 
of a large outlay, scientific work, and labour. 








CARRIAGES ON THE LoNnDON AND Nortu- WESTERN 
‘Rartway.—The London and North-Western Railway Company 
are now placing an additional pair of wheels under inany of their 
long carriages. They are also building a number of composite 
carriages, about 25 ft. long, with three pairs of wheels. 

THe MiLLwa.t Ironworks.—The shares of this company 
are of 50, with 5i. paid. Dividends amounting to 7 per cent. 
have been declared during the last year. A call of 20. will be 
made in a short time, and the shares are quoted at from 6/. to 
4l. discount. ; 

Water Mars.—An 18-in. main of the Liverpool Water 
Works burst on Saturday, beneath the roadway of ater-street. 
The paving was blown up, and much damage done. On the 





where the river has thrown up banks to a depth of six 








or seven feet; and that during the rainy season it is 


water being finally shut off, it was found that the lower half of 
the main had been completely blow out for a length of two feet. 
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Fires, Fire-Engines, and Fire-Brigades. 
with a History of Manual and Steam Fire- 
Engines; their Construction, Use, and 
Management; Remarks on Fire-proof 
Buildings, and the Preservation of Life 
Srom Fire ; Statistics of the Fire Appli- 
ances in English Towns, Foreign Fire 
Systems ; Hints for the Formation of, and 
Rules for, Fire Brigades, and an Account 
of American Steam Fire-Engines. By 
Cuar.es F. T. Youna, C.E., Member of 
the Society of Engineers; Author of the 
Economy of Steam Power on Common 
Roads. acting Lockwood and Co., 1866. 
Mr. Youne has given us a large, 

well-filled, and, we ons no doubt, a 

useful book upon a subject which 

possesses a wide and increasing public 
interest. With many, and we believe 
we may even include his Royal High- 
ness the Prince of Wales, not to men- 
tion the enterprising Duke of Suther- 
land, the whole subject of fires and 

pparatus possesses a peculiar 
charm. There is not only danger in 
fires themselves, especially in a great 

metropolis like ours, but there is a 


| 


— 
— 











i 
INNA 


iS 
Al 
il 














MESSRS. MERRYWEATHER AND SONS’ FLOATING FIRE-ENGINE. 


captivating element of danger in which 
so many delight—in the war of man 
against fire. Although the army of 
heroes of which our fire brigades are 
formed may be less numerous than any 
of these which are too often set against 
each other, man to man, in the battle- 
field, the annals of firemen, in all great 
cities, from the days of Cesar to those 
of Sir John Thwaites, show an amount 
of true heroism worthy of the:noblest 
existence and of the highest human 
ambition. This reflection is not an 
empty sentiment, and we may appeal 
to almost every man in England to say 
whether if was not the common and 
sincere feeling when it was known how 
the late Mr. Braidwood, after a long 
and useful, as it was a perilous life, 
fell at last at his chosen post of duty. 
His successor, Captain Shaw, has 
braved equal dangers, and, many 
months ago, fell, wounded, in the dis- 
charge of the same devoted service ; 
and, although he is happily restored to 
us, he has borne a weight of suffering 
of which few can know, and which his 
nearest friends would, if they could, 
gladly forget. 

It is, we believe, the element of 
danger which has so attracted Mr. 
Young to the fireman’s profession, 
and which has induced him to turn to 
it those abilities and that amount of 
acquired knowledge which would have 
equally fitted him for any other 
branch of engineering. For all scien- 
tific warfare, whether of man against 
his fellow-man or against the elements 
of nature, is alike included in the 
scope of engineering. ‘There are few, 
perhaps, who are yet aware how high 
an order of engineering skill has been 
brought to the construction of 
steam fire-apparatus. A modern fire 
** steamer” is already one of the most 
exquisite developments of the steam 
engine. We are saying nothing of 
economy of fuel, which, in many cases, 
is the governing element in compari- 
sons of this kind ; for where thousands 
of pounds’ worth of valuable property 
may be burning per hour, it does not 
much matter whether the consump- 
tion of coal, at half a farthing a 
pound, amounts to 1 1b. or to 10)b. 
per horse power per hour in the fire- 
engine which is strained to its utmost 
to stop the spreading flames. The 
marvel of the modern steam fire- 
engine is that, with an undeniable 
delicacy of construction, if concen- 
trates such great power within such 
narrow limits of size and weight. We 
have steam fire-engines working up 
to one indicated horse power for 
every hundredweight of their weight, 
and it is not every locomotive that 
does that. 

Mr. Young’s book is filled with a 
vast quantity of detailed and practi- 
cal information upon almost every- 
thing relating to fires, and it is very 
fully illustrated with wood engravings, 
which are in almost all cases of excel- 
lent quality. The work is not, of 
course, intended especially for me- 
chanical engineers, but it gives, never- 
theless, the most complete account 
ever written of the history, introduc- 
tion, and construction of steam fire- 
engines. Mr. Braithwaite’s efforts for 
their first introduction are fully re- 
corded, and drawings are given of no 
less than four of the five steam fire- en- 
gines which were made by Braithwaite 
and Eriesson. One of these, the Comet, 
made for the King of Prussia in 1832, 
is shown in one of our illustrations, 
which, by the kindness of Mr. Young, 
we are enabled to reproduce from his 
book. This had two horizontal 12 in. 
cylinders with 14in. stroke, the two 
pumps being 10}in. in diameter and 
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of the same stroke. The engine weighed 4 tons; 
it raised its steam in from 13 to 20 minutes, and it 
would throw about 336 gallons of water per minute, 
or 90 tons an hour. 

Mr. Young has also obtained a drawing of the first 
American steam fire-engine, made by Mr. P. R. Hodge 
in New York in 1840-1, the engraving of which we are 
also enabled to reproduce. Mr. Hodge’s own account 
of his engine does not give its weight, but he re- 
yresents that it threw an estimated quantity of 1082 
imperial gallons per minute through a 24 im. nozzle 
to a height of 166 ft. The performance was most 
remarkable. The cylinders are given as 94 in. 
diameter, and the pumps ag 8} iv., the stroke of both 
pistons being 14 in. 

We give, by permission, a neat elevation also of 
Messrs. Merryweather’s floating steam fire-engine, one 
of two made by them for Neweastle-on-Tyne. This 
had 17 in. cylinders and 18 in. stroke, the pumps, of 
the same stroke, being 5} in. in diameter. Messrs. 
Merryweather have made a floating engine also for the 
North Eastern Railway Company. 

To such of our readers as are interested 
subject of fires and fire-apparatus can 
heartily commend this book. Lt has been brought out 
by Messrs. Lockwood in excellent style, and it is 
really the only English work we now have upon the 
subject. 


in the 


we most 


LENOIR’S GAS ENGINE. 
Iw the course of an article contributed to the Journal 
of the Franklin Institute, by Mr. Fred. J. Slade, some 


interesting diagrams are given, taken from qpe of 


Lenoir’s gas engines, by means of a delicate Richards’s 
indicator. The engines from which the diagrams were 
taken had a cylinder 8% in. diameter, with a stroke of 
164 in., and the explosion of the mixed air and gas was 
arranged to take place at half stroke. The first set of 
diagrams, those shown by Fig. 1, were taken at a speed 
of 50 revolutions per minute. The explosion did not 





— 7 


Fie. 1. 
take place immediately upon the closing the valve, and 
the pressure of the mixed air and gas within the 
cylinder consequently fell as the piston advanced to 
11 lb. above a vacuum. When the explosion took place 
the pressure rose to 48 lb., the time oceupied by the 
explosion appearing to be about ,',th ofa second. When 
the second set of diagrams, which are given in Fig. 2, 





Fie, 2. 


were taken, the electrical points were wet, and the 
passage of the spark was consequently uncertain. 
These diagrams were taken at a speed of 45 revolutions 
per minute, and in those cases in which the explosions 
took place early in the stroke ; the pressure in the 
evlinder rose from 13 1b. above a vacuum before ex- 
jlosion to 60 1b. after. In both the figures the dotted 
ine shows the loss of pressure theoretically due 
to expansion, and in both cases it will be seen that 
the actual terminal pressure falls below the theoretical 
one. ‘This is no doubt partly due to the absorption of 
heat from the gases by the water-casing of the 
cylinders. In those diagrams sown on Fig. 2, in which 
the explosion took place late in the stroke, the pressure 
attained rises above the theoretical one. This pro- 
bably arose from the gases having become more heated 
by contact with the cylinder than when the explosions 
took place earlier. In the case of the later explosions 
the time occupied in attaining the maximum pressure 
was greater than when the explosion took place 
earlier in the stroke, the time being from J, to 9, of 
In order to prevent the loss of 
terminal pressure, the 
Lenoir engine, Mr. Miers 


a second more. 
heat arising from 
American maker of the 


excessive 


Coryell, sets the admission-valve to close earlier than 


half stroke. 


By this arrangement more work is done 





in a shorter time near the middle of the stroke, and 
there is consequently less loss of heat. The only 
size of Lenoir’s engines as yet regularly made in 
America has cylinders 4% in. in diameter with 8} in. 
stroke, and a dynamometer applied to one of these gave 
the following results: The length of the lever of the 
dynamometer was 4ft., and the weight applied 
7 lb.; and under thls load the engine ran at 185 re- 
volutions per minute. The work performed was thus 
16,280 foot-pounds per minute, or about half a horse 
power. 


ARMOUR-CLAD VESSELS. 

We have referred on another page to M. Dupuy de Lome’s 
letter to the 7imes, and we append it, therefore, for reference: 
A Monsteur w’Epireur pu Times. 

Monsteur,—Dans divers articles trés-interessants de votre 
journal, et rélatifs & des essais de navires de la marine royale 
d’Angleterre, notamment dans l'article du 20 Mars dernier, 
concernant Je Bellerophon, et dans celui du 19. Avril, coa- 
cernant la Pallas, vous me faites Thonneur de citer, comme 
d'un certain poids dans la question, des opinions ou des 
théories qui me sont attribuées au sujet des formes les plus 
convenable pour les carénes des navires. Je lis dans l'article 
du 20 Mars que: 

‘“*M. Dupuy de Lome declares that the wave of water does 
not affect the speed of the ship. He argues that a certain 
amount of water lies in front of the vessel's midship section, 
which must be got rid of, that this water is ploughed up by the 
submerged portion of the ship’s bows, and that this water exists 
thus broken up in the wave in front of the ship’s bows, and is 
hurrying forward in the direction in which the ship is 
moving.” 

Jes lis également dans votre article du 19 Avril: 

“ The Pallas has been constructed with the long submerged 
ram bow, borrowed from the French theory, as exemplified by 
M. Dupuy de Lome in the partially-plated ships Magenta and 
Selferino.” 

Je n’ai nullement l’intention de discuter ici une théorie quel- 
conque sur la résistance opposée par l’eau aux navires en mouve- 
ment. Cette simple lettre ne comporte pas les développements 
nécessaires & une pareille question, Je dois seulement & la 
vérité de vous faire connaitre que je n’ai jamais, ni en paroles 
ni en écrit, formulé une théorie pareille & celle que m’a été 
attribuée par erreur dans votre article précité du 20 Mars. Ce 
théorie est méme en désaccord formel aves le résumé que 
exposé des principes rélatifs & la résistance opposée par eau 
aux navires en marche dans une récente notice adressée a 
l’Académie des Sciences. 

J’ajouterai seulement un mot au sujet du second article 
rélatif & la Pallas, dont les formes y sont présentées comme 
étant analogues & celles du Solferino. 

D’aprés votre article du .19 Avril la Pallas, avec une mai- 
tresse section immergée de 790 pieds carrés, un déplacement de 
3700 tonnes, et une puissance indiquée sur les pistons de 3768 
chevaux, aurait obtenu par calme au mille mesuré une vitesse 
(exprimée en neeuds) de 13,057. 

Le Solferino, avec une maitresse section immergée de 1152 
pieds carrés, un déplacement de 7020 tonnes, et une puissance 
indiquée sur le piston de 3720 chevaux, a obtenu une vitesse de 
14 neeuds. 

Il y a done entre la Pallas et le Solferino des dissemblances 
considérables, soit dans les formes de la caréne, soit dans la 
nature des hélices, soit dans les autres éléments qui influent sur 
la rélation existant entre la force motrice d’un navire, son dé- 
placement, la surface de sa maitresse section, et la vitesse 
obtenue. 

Cette question de l'utilisation du pouvoir moteur des machines 
marines intéressant 4 un haut degré la science des constructions 
navales, indépendamment de toute organisation du navire au 
yoint de vue militaire, j'ai pens¢, Monsieur, que vous voudrez 
vien insérer cette lettre dans votre journal, afin de me per- 
mettre de ne pas laisser répandre sous mon nom des théories qui 
ne sont nullement les miennes. 

Veuillez agréer, Monsieur, assurance de ma considération 
distinguée, Dupuy bE Lome. 

Paris, le 26 Avril. 












Gun-CakrRIAGEs.—The Bellerophon is about to leave Ports- 
mouth to commence her trials of the competitive broadside 
12-ton gun-carriages about Monday next. She has mounted in 
her battery three out of the four guns on the competitive car- 
riages, the Sir William Armstrong, Woolwich Arsenal, and Cap- 
tain Scott’s carriages. As yet the preliminary drills have been 
confined to Captain Scott's carriage and gun and the Woolwich 
Arsenal carriage and gun. In the trials, the difference in handi- 
ness and time occupied in running the guns in and out on these 
two carriages was most remarkable. The gun on Captain Scott’s 
carriage was run in over and over again in 12 and 13 seconds, 
with no fatigue to the gun’s crew, while the gun on the Woolwich 
carriage took actually minutes to perform the same feat, and even 
then completely drove the breath out of the men’s bodies in 
driving round the useless wheels which ought to have had, 
but were very far from having, the necessary leverage over the 
running in and out chains. Sir William Armstrong’s gear for 
running in and out, and Mr. Cunningham’s for the same pur- 
pose, have neither yet been tested preliminarily. 

' Tur Rawway Benxevoienr Instrrution.—The annual 
festival of this body was held at the Freemasons’ Tavern, on 
Wednesday evening, Mr. Milner Gibson, M.P., in the chair. In 
the course of his speech, in proposing the toast of the evening, 
the chairman said, “It was a fact which testified to the zeal 
ind vigilance of the railway servants, that out of 220,000,000 of 
single passengers in the year 1864 there were only 15 deaths 
of passengers, while there were 103 railway servants killed while 
in the performance of their duties, and between 70 and 80 
injured. It was therefore most important that such a class 
should be provided for, and the railway companies the mselves 
ought to take a prominent part in supporting the Railway 
Benevolent Institution.” I announced that the 


The secretary 


ape ae 
subscriptions amounted to upwards of 8707. 








THE SURFACE FLOW OF WATER. 
_AT the meeting of the Institution of Civil Engineers, on 
Tuesday, April 24th (and after the reading of Mr. Rochus- 
sen’s paper, noticed in another column), the «cond paper read 
was ** On the Results of a Series of Observations on the Flow of 
Water off the Ground, in the Woodburn distrigt, near Can k- 
fergus, Ireland; with accurately recorded rain-gauge regis’ ies 
in the same locality, for a period of twelve montis ending S0th 
June, 1865,” by Mr. Robert Manning, M. Inst. C.E. 

It was stated that the surface o' the ground was chiefly com- 
posed of bare mountain pasture and grazing land, the surface 
rock being almost entirely tabular trap, overlying the chalk, with 
here and there patches of green sand. Three rain gauges were 
placed at the respective elevations of 300 ft., 570 ft., and 900 ft. 
above the level of the sea; and two stream-gauges were erected, 
one on the southern branch of the river, which received the 
drainage of 2076 acres, and the other on the northern branch, 
1329 acres. The stream gauges were rectangular notches with 
sharp edges, such as were used by Mr. Francis, at Lowell, and 
the formula for ealeulating the discharge was that deduced from 
those well-known experiments. The observations were nearly 
eight hundred in number, and were recorded in an Appendix, 
krom a summary of the results, it appeared that the raiufall for 
the year was 35.867 in., or nearly 18 per cent. above that at 
Belfast. For the six months, from November to May, the rain 
was 14.766 in., producing a flow of 14.351 in.; while from May 
to November these quantities were 21.101 in. and7.357 in. The 
minimum flow off 1000 acres occurred in August, and amounted 
to 11 eubic feet per minute; the maximum, in September, to 
3180 cubic feet per minu‘ +; and the mean monthly flow was at 
its minimum in July, and was 29 cubic feet per minute. 

The particulars of one year’s rain having been thus ascertained, 
it was assumed that the rainfall on the Carrickfergus mountains 
bore a constant ratio to that at Queen’s College, Belfast, where a 
daily register had been kept for fourteen years, and that it was 
the greater by 16 per cent. ‘The results then arrived at were, 
that the maximum rainfall in 1852 was 47.71 in. ; the mean for 
the fourteen years, 1851-64, was 38.42 in.; the average of the 
three dry years, 1855-6-7, was 32.76 in.; and the minimum, in 
1855, was 28.8 in. p 

The question then remained, how much of this rainfall was 
available for water supply? Twenty or thirty years ago, the 
evaporation was taken as proportional to the rainfall, and was 
variously estimated at one-sixth, one-third, and two-thirds of 
the mean annual rain, according to circumstances. Now the 
balance of opinion seemed to be, that the amount of evaporation 
was not proportional to the rainfall; that it was either constant, 
or within narrow limits, where there was an identity, or simi- 
larity, in the physical features of the districts compared ; that it 
varied under different circumstances in this kingdom, from 9 in, 
to 19in.; and that its amount in any particular case must be 
left to the experience and judgment of the engineer. 

The author calculated that the loss, or the difference between 
the rainfall and the supply, which was the resultant fact of 
greatest importance to the engineer, varied in the Woodburn dis- 
trict from 11.79in. to 15.16 in., the mean annual loss being 
13.71in. The supply ranged from 14.57 in. to 35.37 in., the 
mean annual supply being 24.71in. The years of maximum 
and minimum supply were also the years of maximum and 
minimum winter rain. In the years 1856 and 1857, in which 
the rainfall only differed by 0.41 in., the difference in the loss 
was 3.22 in., arising from the fact of there being a winter rain- 
fall of 15.96in. in the former and of 22.03 in. in the latter 
year. 

The particulars were then given of the storage required for all 
quantities from the mean annual supply down to that of the 
minimum year, from which it appeared that to store the whole 
rain yielded by the Woodburn district, 24.71 in., a reservoir 
capable of containing 431 days’ supply would be necessary; for 
the average of the three dry years, 18.28 in., 132 days’ would be 
required ; while for the minimum, 14.57 in., 119 days’ would be 
sufficient. Diagrams were added showing the storage worked 
out for each month of the fourteen years and for quantities of 
24.72 in., 20 in., and 18in., and showing the state of the reser- 
voir for a supply of 24 in. for eleven years, and 20 in. for the 
three dry years. It was remarked that, although the water in 
store attained its minimum in different years, that minimum 
invariably occurred in the month of October; and that as re- 
garded the economical supply of water from the district under 
consideration, it would not be prudent to attempt to store a 
greater quantity of rain than about 10 per cent. over the average 
supply of the three dry years, provided the extent of the gather- 
ing grounds could be increased. 

The question of water power was then incidentally alluded 
to; and it was remarked that in dealing with useless and in- 
jurious floods, and in providing a town supply, care should be 
‘taken not to induce the destruction, by instalments, of the whole 
water power of the country, and injuriously to interfere with the 
natural regime of rivers. The proportion of the mean annual 
flow of both branches of the Woodburn River, from a rain basin 
of 4750 acres, applicable to the supply of Woodlawn Miils, was 
then determined, and the calculations and results were given in 
detail. The tables showed, that of the total flow off the ground, 
21.71 in., there was lost on Sundays and by floods 12.22 m., 
leaving 9.49in., or nearly 44 per cent., available for the supply 
of the wheel, which was equivalent to 194 days’ full work during 
the year, or 1.78 times the mean flow of the stream. If the 
cay acity of the wheel were reduced to 1.5 of the flow, it would 
work for 213 days, if to 1.25 of the flow for 218 days, and if 
just equal to the flow, it would work 243 days. 









HicH-pressune Twix Screw Launcu.—On Wednesday. 
a trial was made in Stokes Bay with No. 19 steam launch, eu- 
gined by Messrs. Penn and Son. The launch drew 1 ft. 10} in. 
of water forward and 2 ft. 11}in. aft, the mean immersion being 
2 ft. 5ft. Her two screws were each of four blades, with a 
diameter of 2 ft. Gin., and a pitch of 4ft., the length being 





34 in. The four cylinders of the engines were each Sin, in 
diameter, and the length of stroke 6in. The heating surface 
of the boilers was 100 ft., and the fire-grate surta 1 x-12th 





Six runs at full boiler power gave 4 mean sp ed of 7.1 
knots : olutions, maxi- 


mum 368, minimum 364. 


steam, maximum 73, minimum 71; rev 
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THE SOLANI AQUEDUCT: GANGES CANAL. 
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A somewnat hasty description of the Solani Aque- 
duct has already been given in this paper, in the first 
article on the Ganges Canal (vide ENGINEERING, 
p. 143, for March 9, 1866) ; but the importance of 
that work, in an engineering point of view, deserves 
more special notice than it there received ; accordingly 
it 1s now our intention to enter more into the details 
of its construction, and describe more fully the purpose 
for which it was designed. 

. The Solani River rises in the Sewalic Hills, and is, 
indeed, more of a mountain torrent than a river. In 
extent of catchment basin, dependent on the Ganges 
Canal works for escape, it is . far the largest of all 
the torrents; the slope of bed, however, in contact 
with these works is comparatively moderate, but it 


lying above the works is equal to 216 square miles, 
its length being about 27 miles, and its average 
breadth 8 miles. Of this area 50 square miles lie in 
the Sewalic Hills, the remainder on rapid but gradu- 
ally decreasing slopes until it reaches the canal works, 
where the fall in the bed of the river is 5.08 ft. per 
mile. The Solani, on leaving the hills, plunges at 
once into lowland, and one of its main rd wy which 
debouches from the pass called the Kheeri, or Lal Dur- 
wasd, forms its junction with the main stream that 
roceeds onwards under the name of the Solani just 
Salsas the town of Kheeri. At this point the hi h 
land, which forms the eastern border, and along the 
foot of which the Solani River runs, is 18 ft. higher 
than the bed of the river, which is increased, on its 





meets them in a region of sand. The area of the basin 


arrival at Roorkee, or at the site of the aqueduct, to 





41 ft. Measurements of the discharge of the river 
during the time of highest flood were taken in the 
years 1844 and 1845, before the commencement of the 
aqueduct works had» caused any obstruction to the 
way of the water, when the following results were ob- 
tained, viz.: Areas of section, 7014 and 5695 square 
feet, for the two years respectively ; assumed mean 
velocities, 68.8 pa 60.0 in. per second; discharge, 
40,190 and 28,475 cubic feet per second; waterway 
of proposed aqueduct up to level of flood, 6750 and 
6000 square feet; calculated afflux, 0.03405 ft. and 
nil. The land through which the Solani flows in the 
immediate neighbourhood of the hills is shingly and 
more or less marked by boulders, and on the lower 
tract it is clay and sand. Below the confluence of 
the different branches which are connected with the 
Sewalics, the Solani runs in a straggling course ; at 
some points it shows a well-defined section through 
clay of a very tenacious quality, but, generally speak- 
ing, it wanders about on a tortuous course through the 
lowland or Rhadir.{ At the site of the aqueduct the 
course of the river is tortuous, with a sandy bed de- 
pressed about 4 ft. below the surface of the valley. 

The surface level of the country on the line now 
taken up by the aqueduct is shown in profile by the 


accompanying diagram : 
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The alignement touches the valley first between the 
two villages of Muhewur and Bajooheri, and reaches 
the opposite side close upon the east of the town of 
Routhes, The width of this valley between the points 
where the true bed of the canal intersects the high 
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banks on its right and left is equal to 13,265 ft., or a 
little more than 2$ miles. Its maximum depression 
below the canal bed is 24 ft., and that below the surface 
of the country is 41 ft. 

The aqueduct consists of a masonry channel carried 
over the Solani torrent on a series of 15 arches, of 
50 ft. span each. This masonry channel is connected 
with the high land at Roorkee and Muhewur by an 
earthen channel, flanked by revétements built in the 
rhat, or step fashion. ‘These revétements are backed 
by wide caleshunth the upper surface of which is 
30 ft. in width, with exterior slopes of 14 tol. The 
earthwork, both of the canal bed and the embankments 
on each side, is made with great care and well conso- 
lidated. 

The earthen aqueduct on the left bank of the So- 
lani, in the low ground between it and Muhewur, 
formed the first portion of the works which were un- 
dertaken. It was commenced by excavating trenches on 
the right and left of the aqueduct line, and throwing the 
sarth on the centre, so as to form a nucleus for the 
raised embankment which was to constitute the bed of 
the canal. The trenches were 188 ft. in width, and 
carried to a depth of 54 ft. Theearth so obtained was 
small when compared with that required; but it pro- 
vided a good foundation upon which to raise the su- 
perstructure. 





On the Roorkee or right bank of the river, a com- 
mencement was made on the edge of the high land, 
and the earth was carried out into the valley by 
wheelbarrows along a continuous line of planks; the 
distance to which the earth was carried by these means 
being from 200 to 300 yards, at an average cost of 
from 6s. to 10s, per 1000 cubic feet, increasing rapidly 
with the distance to which the earth was conveyed. 

Brick manufactories were established at Roorkee 
and Muhewur, and a system of railways was laid down 
for the future conveyance of materials; branch lines 
communicated with the brick-kilns, and main lines 
carried centrically on the canal channel conveyed the 
earth, which was thus pushed forward until it reached 
the banks of the Solani river. The rails first laid down 
consisted of flat iron bars, varying from } in. to ? in. 
in thickness, screwed upon longitudinal sleepers, which 
were held in position by cross bars or transoms; but 
these were afterwards replaced by light iron bridge 
rails, weighing 26 lb. to the yard, which were obtained 
expressly from England. ‘These railways, consisting 
of double lines, cost nearly 1890/. per mile, for the flat 
iron rails, timber, and cost of fixing, but not including 
the earthwork ; but when the English rail was intro- 
duced, that cost was increased by about 100/. for each 
single line of rail per mile. The earth was conveyed 
in tilt wagons, made in Calcutta, at a cost varying 
from 29/. to 86%. apiece, delivered at the works. ~ 

The total length of the aqueduct, from one extremity 
to the other, is 15,688 ft,, independently of the masonry 
escapes. ‘These escapes, which consist of a masonry 
flooring 100 ft. in width, placed on a level 12 in. below 
that of the canal bed, with flank walls, are in immediate 
contact with the yey terminal ends of the aque- 
duct ; they lie on both sides of the canal, and are in 
connexion with a hollow or ravine. These works are 
in no way connected with regulating supply, or with 
the relief from superfluous water under ordinary cir- 
cumstances; they are merely protected passages to be 
made use of on extreme emergency for emptying the 
canal, in the event of serious injury to the line of works 
in the valley. They are filled in with earth, and would 
be brought into operation by working parties, who 
would remove the earth sufliciently to give a passage 
to the current. 

The terminal works at Muhewur and Roorkee, form- 
ing the junction of the earthen channel with that of 
the masonry aqueduct, consist of circular quays or 
bastions, 30 ft. in diameter, raised toa height of 10 ft., 
or to that of the berm of the towing-path. To the 
bastions on the aqueduct side a line of ghats, or 
flights of steps, from the berm level to the water, is 
carried fora distance of 75 ft., until it meets the eattle- 
ghats. These ghats are inclined planes, extending 
from the rear of the embankments to the water, for the 
purpose of giving access to cattle for drinking pur- 
poses. This inclined plane, which is 50 ft. in width, is 
crossed by five flat masonry arches of 17 ft. span, so as 
to keep up the line of communication along the berm. 
Each flank of the catile-ghat is protected by a wall, 
terminated by an octagon tower. From the cattle- 
ghats, flights of steps, like those in contact with the 
terminal bastion, approach the bridge in the form of an 





ogee, gradually expanding, in a distance of 400 ft., from 
a width of 150 ft. to 179 ft. The steps come in direct 
contact with the face of the bridge, crossing the canal, 
which consists of three arches of 55 ft. span each, with 
piers of 7 ft. ‘The bridge roadway being elevated to a 
height of 24 ft., whilst that of the berm is only 12 ft., 
the former is gained by a ramp with a slope of 3.668 in 
100. The ramp towards the berm is covered by 
a retaining wall, which terminates at the foot of the 
slope, and at the commencement of the ogee. The 
bridge roadway, which is horizontal, has a width be- 
tween the plinths of the parapet equal to 17} ft., and 
the approaches from the country are on a slope of 2 in 
100. The terminal works, including the bridge, and 
measuring from the extremities, are 571 ft. in length ; 
the detail is the same on both the up and down stream 
termini. From the bridges that constitute the lines of 
terminal communication the earthen aqueduct across 
the valley may be said to commence. The revétements, 
which are similar to those already described, leave the 
bridge in an ogee, and proceed onwards in direct 
parallel lines, until they come in contact with the 
aqueduct proper, or masonry work under which the 
torrent of the Solani river is carried. To meet this 
work, the extreme width of which, between its flanks, 
is 172 ft., these revétements again expand into ogee 
curves, the extent of expansion being from 150 ft. to 
172 ft. 

The total length of revetted channel on the up 
stream or Muhewur side is 10,713 ft., and on the down 
stream or Roorkee side 2723 ft.; the transverse sec- 
tion is shown in the following diagram : 





The revétements have been built almost entirely of 
brick, excepting where kunkur was procurable, or 
vitrified masses from the kilns was used. In addition 
to the revétements which face the embankments on the 
sides of the channel, the exterior slopes on the Muhe- 
wur side are, at each 1000 ft. of their length, accom- 
modated with flights of steps, 4 ft. in width, for the 
purpose of facilitating the communication between the 
high and low levels. On the Roorkee side the em- 
bankment is provided on the left with flights of steps 
at the extreme ends, and on the right with steps at 
the aqueduct end only, The bed of the canal along 
the earthen aqueduct is covered with a layer of 
boulders to a depth of 2 ft., as a protection against the 
wear and tear of the current. 

The way in which the earth was carried in the for- 
mation of the embankment was, as before stated, 
firstly, in baskets and wheelbarrows, at an average 
cost of from 6s. to 10s. per 1000 cubic feet; 
secondly, after the construction of tramways wagons 
were used, carrying from 45 to 50 cubic feet of earth, 
or from 30 ewt. to 33 ewt. ‘They were at first pro- 
pelled by men, four excavators being told off to each, 
one man remaining at his post digging and loosening 
the earth, whilst three men were engaged in working 
the wagon. The average work of each man, digging 
and carrying, was 50 cubic feet per day, and the 
average cost 7s. 74d. per 1000 cubic feet conveyed to 
amean distance of 8700 feet. Thirdly, horses were 
substituted in the place of men for hauling the trucks, 
when it was found that each man dug on an average 
108 cubic feet, and each horse conveyed 352 cubic feet 
per day, at an average cost of 7s. 6d. per 1000 cubic 
feet,conveyedto a meandistance of 9200 feet. Fourthly, 
the horses were replaced by a locomotive, which, 
however, owing to an accident, was in use only for a 
short time, so that no estimate of the rate at which it 
worked could be fairly be made. After it broke down, 
the work was continued with horse power. 

The terminating bastions, or the circular masses of 
masonry which come in contact with the canal channel 
on its approach to and departure from the aqueduct, 
are decorated with figures of lions on pedestals. 
These lions are constructed entirely of plain brickwork 
of the best description, covered with a coating of 
stucco, The bridges over the canal at Muhewur and 
Roorkee are plain, with their cutwaters surmounted 
with niched pilasters ; the waterway consists of three 
bays of elliptical arches of 55 ft. span each. Fora 
distance of 550 ft. on their up and down stream faces, 
the steps, or ghats, are cut off from the towing-path, 
which passes round on a ramp made expressly for its 
convenience. 

The revétements have been laid to a depth of 12 in. 
below the natural surface of the valley. They were 
filled with earth, which formed the centremg upon 
which the arches were constructed, so that the whole 





mass is formed of well-consolidated earth, protected on 
the sides of the channel by masonry. The lime 
cement with which the brickwork of the revéte. 
ments and terminal works was built consisted of 
one part of stone lime, one part of soorkee 
(brick powder), and one part of sand. The 
whole of the exposed outer surface of brickwork has 
been stuccoed with a cement of the following propor- 
tions: First coat, one and a half parts of stone lime 
and one part of soorkee; second coat, two parts of 
stone lime and one part of soorkee. In places where 
kunkur and vitrified brick was used, the former, when 
not laid in blocks, was used as beton enclosed in 
brickwork, strengthened with brick bond; the latter 
is in horizontal courses, alternating with brickwork, 
the alternating lines being bounded by brickwork intro- 
duced vertically at fixed distances. 

This great work was commenced in the cold weather 
of 1845-46. The earthwork executed up to the 30th 
April, 1853—the latest date for which we have been 
able to obtain any accurate statement, but which pro- 
bably includes the total amount contained in this 
aqueduct—was 50,991,885 cubic feet, at a total cost 
of 209,659/.; the masonry up to the same date had 
amounted to 4,936,573 cubic feet, at a total cost 
756,894/., which includes also that contained in the 
masonry aqueduct over the Solani river, a further 
description of which will be given in a future article. 








STEAM FIRE-ENGINES. 


WE suspect that more than one of our readers, on 
examining Mr. Paul Rapsey Hodge’s drawing of his 
steam fire-engine of 1841, a drawing supplied by him 
to Mr. Young, from whose excellent book we repro- 
duced it in our last number, will have wondered whose 
steam gauge it was that was fixed so neatly upon the 
boiler. We were not aware that dial steam gauges 
were in use twenty-five years ago, although, of course, 
Mr. Hodge may have invented them. We were not, 
indeed, aware, until the publication of his letter to Mr. 
Young, that he had ever made a steam fire-engine in 


New York. Ewhbank, who gave a detailed account of 


Captain Ericsson’s designof 1840,nowhere mentions Mr. 
Hodge ; and yet Thomas Ewbank, afterwards the Ame- 
rican Commissioner of Patents, and who was himself a 
resident of New York, is especially minute in the history 
and details of the fire department of that city. The 
American Railroad Journal,in which the whole progress 
of steam in the United States since 1831 is pretty fully 
recorded, and the Journal of the Franklin Lustitute 
have not a word as to Mr. Hodge’s engine. Not fora 
moment that we doubt anything Mr. Hodge may say 
of his own works abroad, only we must urge that his- 
tory requires amendment, as it has never done justice 
to him. Mr. Hodge states that he made his engine at 
the request of some of the New York fire insurance 
companies, and that they finally accepted it, and paid 
him for it. What became of it? It is strange that 
while the mere design of Ericsson has been so fully 
described, and while his plaus for an intended steam 
fire-engine were noticed so generally at the time, that 
no contemporary nor subsequent account of, nor even 
the briefest reference to, the engine actually made, and 
worked, and sold by Mr. Hodge has ever appeared. 

But it is not merely the engine and its steam gauge 
with which we have to deal, for, by Mr. Hodge’s own 
account, it did what has never since been done by any 
land steam fire-engine whatever. After it had been at 
work for a time sufficient to quite satisfy the represen- 
tatives of the insurance companies, and during which 
time it was throwing a 24 in. jet to a height of 120 it., 
it was ready, on the word being given to Mr. Hodge’s 
“faithful manager, Mr. Stephen Thurston,” to send 
the same jet to a height of 166 ft. And it threw to 
this height 10824 imperial gallons of water per ml- 
nute! Mr. Hodge’s own word is, of course, beyond 
suspicion ; but what a debt does not history owe him! 
The engine threw this quantity of water to the heights 
named, and it drew the water through four lengtlis of 
hose, and on a suction-lift of 12 ft. This is two or 
three times the duty of the large London steam fire- 
engines, weighing 3 tons, and yet Mr. Hodge, although 
he does not give the weight of his engine, does siate 
that its boiler weighed, empty, less than 14} ewt.. 

To discharge 1082 gallons of water per minute 
through a 2} in. jet, the water must be sent oul witha 
velocity of 7049 ft. per minute, or 117.5 it. per sec ud, 
a velocity corresponding to a head of 216 ft., added to 
which is the 12 ft. suction-lift; so that the theoretical 
work done, and without any deduction for loss of any 
kind, would be 10,8241b. of water lifted 225 It. per 
minute, or nearly 75 horse power of work done. But 
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n small rotative pumping-engines, working at 120 re- 
yolutions per minute, nothing approaching the theo- 
retical duty is ever attained. It would be but a mode- 
rate allowance for loss to say that 100 indicated horse 
ower must have been exerted in the cylinders of Mr, 
Flodue’s steam fire-engine at the time when, sucking 
from a depth of 12 ft., the engine forced 1082 gallons 
per minute through a 24 in. nozzle. Indeed, an esti- 
mate more in accordance with present practice would 
be 125 indicated horse a. What the boiler, 
weighing empty only 1600 lb., must have been to have 
supplied steam at this rate to a pair of 9} in. cylinders 
with 14 in. stroke of piston, we will not suggest. The 
steam would necessarily be worked at full stroke, and 
195 indicated horse power, at the speed named, would 
correspond to a mean effective pressure upon the pis- 
tons of 104 1b. per square ik, The drawing which 
we reproduced from Mr. Young’s book is to a very 
small scale, but, as nearly as we can take the scale from 
the length of the cylinder, the boiler is 2 ft. 6 in. in 
diameter, and the length to which the tubes would ap- 

ar to extend is 8 ft. 3in. We recommend a careful 
mspection of the drawing to those of our readers 
who take an interest in such matters, and they cannot 
fail to wonder at the advanced state of mechanical 
science in the States a quarter of a century ago. In- 
deed, aided by the genius of a Hodge, steam fire-en- 
gineering reached at a single bound a position which 
the utmost efforts of all subsequent engineers have 
never been able to maintain. As Englishmen, we 
should be proud of our countryman, and the New 
Yorkers should show their gratitude to one who thus 
accomplished what must have been his greatest work 
in their midst. We only trust that the great secret of 
this wonderful New York engine will not be suffered 
by its inventor to die with him. In the interests of 
his profession and, indeed, for the common good of his 
fellow-men, he should show the present generation 
how they may construct steam fire-engines to rival the 
wonders of that made by Mr. Paul Kapsey Hodge, in 
New York, in the year of grace 1841. 





BENDING BOILER-PLATES. 


Wuey a plate is bent into a cylindrical form, as, for 
instance, when it is intended to form part of the barrel 
of a boiler, that part of the plate forming the inside of 
the cylinder is compressed and the outer part extended. 
The proportion which the compression bears to the 
extension depends not only upon the quality of the iron 
of which the plate is composed, but also upon the 
mamer in which the bending is effected, the propor- 
tionate compression being greater when the plate is 
bent by means of hollow blows applied to the concave 
side than when it is curved by passing it through 
bending rolls. If the compression of the inner and 
extensionof the outer surfaces were equal in amount, the 
length of the plate when straight would be a mean 
between the inner and outer circumferences of the 
ting formed by it when bent; in reality, however, the 
extension of the outer part of the plate is greater than 
the compression of the inner part, and the outer cir- 
cumference of the ring, therefore, exceeds the original 
length of the plate by a greater amount than the 
original length exceeds the inner circumference. 

From experiments which we have made upon bend- 
ing plates by means of bending rolls, we have found 
that in the case of plates of best Yorkshire iron about 
tin. thick and bent into rings about 3 ft. in diameter, 
the extension of the exterior was to the compression of 
the interior surface as 7 to 2 nearly. With 7; in. plates 
of similar quality bent into a ring 3 ft. 8 in. in diameter, 
the proportions of the extension and compression were 
as 2 to 1, the proportionate extension being in this case 
much less than in the former instance. The proportions 
of extension and compression last mentioned appear to 
represent very fairly those which usually occur when 
Plates of good iron 7; in. thick are bent into rings of 
ftom 3 ft. 8in. to 4 ft. in diameter, as is the case in 
making the barrels of a locomotive boiler. The data 
just given will enable the length of plate necessary to 
form a ring of such a boiler to be readily calculated. 

hus, if the boiler is to be butt-jointed, the length of 
the plate when straight will have to be equal to the 
internal diameter of the boiler x 3.1416 +- twice the 
thickness of the plate : if the boiler is to be lap-jointed, 
the width of the > will have to be added to the length 

us ascertained. 
or bending boiler-plates into a cylindrical form, 
ding rolls are now almost universally employed ; 
‘Wo ways of arranging such rolls are shown in the 

‘gram at A and B, According to the plan shown at 

two of the rolls are placed one above the other, the 
ings of the upper roll being furnished with screws 








by which the distance between the two rolls can be ad- 
justed to suit various thicknesses of plates. These two 





rolls are connected by gearing, and are fitted with revers- 
ing gear so that they can be driven in either direction. 
Behind the two rolls just mentioned is placed a third ; 
the bearings of this roll slide in inclined slots formed 
in the frame of the machine, and by means of screws 
the roll can thus be raised and lowered, and at the 
same time approached to, or removed from, the other 
rolls. ‘Two positions of this roll, which is only caused 
to revolve by the friction of the plate upon it, are 
shown in the diagram by the full and dotted circles 
respectively. The plate to be bent is inserted between 
the two rolls first mentioned, and these being set to re- 
volve in the direction of the arrows, the plate is drawn 
in by them so that it comes in contact with the adjust- 
able or bending roll, and is curved upwards, as shown 
by the thick line on the diagram, the amount of curva- 
ture being regulated by raising or lowering the bending 
roll. This arrangement of rolls has been adopted by 
Whitworth in many sets of bending rolls made by him; 
it has, however, the objection of leaving a considerable 
piece of each plate unbent near each end. In the case 
of a set of 10 in. rolls set to bend a plate to a curve of 
about 2 ft. radius, a length of about Sin. will be left 
straight at each end of the plate, this length of unbent 
plate increasing as the bending roll is lowered, and the 
radius of curvature of the plate being bent, conse- 
quently increased. In bending plates by these rolls it 
is usual, not only to run the plate through and then 
bring it back by reversing the rolls, but also to reverse 
the plate itself, and pass it through the second time in 
the opposite direction, the edge of the plate which was 
eigen the first to enter the rolls being now the 
ast, and vice versd. 

Another arrangement of bending rolls is shown at B 
on the diagram. In this arrangement the two rolls 
which are driven by the gearing, are placed side by side 
at a short distance apart, and the bending roll is placed 
above and between them. The bending roll can be 
raised or lowered vertically by means of screws, dif- 
ferent positions of it being shown on the diagram by 
the full and dotted circles. The thick line shows the 
position of the plate which is being bent. With this 
arrangement of rolls the portion of the plate left straight 
is, with a roll of a given diameter, much less than in 
the case of the arrangement first described, particularly 
when the plates are being curved to a large radius. If 
a number of plates have to be bent into small cylinders, 
it is convenient, whichever arrangement of rolls is 
adopted, to have the bearings of the top roll arranged so 
that that roll can be readily lifted out of its place. 
The plate can then be bent completely round the roll, 
end afterwards slid off at one end. If the plates have 
to be bent into cylinders of 3 ft. or 4 ft. in diameter, 
this arrangement is not necessary, unless the plates are 
very thick, as a ring of the size we have mentioned 
made of yin. or 4 in. plate can, even when quite closed, 
be easily sprung off a 10in, roll. A convenient way 
of doing this is to attach a crane chain to the plate. 
At C on the diagram we show a handy way of making 
sharp bends in plates. According to this plan, the 
a; is placed above the two lower rolls, and a round 
yar being interposed between it and the upper roll, 
the latter is screwed down until the desired bend is 
effected. 





Coat For Lonpon.—In the first four months of 1866, the 
quantity of coal brought to London by sea was 1,034,304 tons, 
and by railway and canal 961,198 tons. The London and 
North-Western line now brings in a greater quantity than comes 
from Newcastle by sea. 

Woop v. Coxe 1N Inp1A.—The report of the Madras Rail- 
way Company states that the cost of wood fuel is about half 
that of coal or coke upon the railway, and the improvements 
that have been effected in the spark-catching apparatus applied 
to the locomotives have now rendered the use of wood fuel com- 
paratively safe. 

Tne Hotporn Vater Vrapuct.—The contract for the 
Holborn Valley Viaduct (exclusive of the bridge to span Far- 
ringdon-street), according to Mr. Haywood’s design, has been 
adjudicated this week for 99,8371, to Messrs. Hill and Ked- 
dell, of the Whitechapel-road. The lowest previous tender for 
the works, according to the design of the city architect was 
289,587/., including the bridge. ‘The bridge is —— to cost 
about 20,000/., but as it will involve ornamental details, the 
design for which will require time, the contract for it has been 
deferred. 





THE NEW GUN. 


Wuatever may be the ultimate result of that most 
extraordinary of all inventions in gunnery, “ the non- 
recoil gun,” the principle upon which its action 
depends is one of great interest to men of science. 
Here is a gun barrel open from end to end, and giving 
therefore the same opportunity for discharge at the 
breech as at the muzzle. Ata short distance from the 
rear end is placed a charge of powder or gun cotton. 
A ball is placed closely against this in front, and two 
felt wads, with a short intervening air space between 
them, are placed behind. 'To start the ball into motion 
at its full velocity of, perhaps, 1600 ft. or more per 
second must require a force which, if it be pressure as 
we understand the term, must be a pressure of many 
tons per square inch, To blow out the felt’ wads 
through the open breech would not, probably, require 
a steady pressure of as many pounds per square inch. 
Yet upon the explosion of the charge the gases are 
practically effective only against the greater resistance ; 
they prefer, so to speak, the great resistance in front 
to the slight resistance behind. We are not aware 
whether the experiment has been tried of substituting 
for one of the wads a ball of the same size and weight 
as that placed in front of the charge; but from the 
comparatively trifling effect of the rear wad discharge, 
we are led to expect that it is only the ball in front of 
the charge wiih, in such a case would be projected 
with considerable force. Not, of course, that any im- 
portance is to be attached to the mere relative posi- 
tions of “front” and “ behind,’ but when we are 
peeking of what is in front of the charge we are not 

ealing with an air space enclosed between two balls, 
or wads, or obstructions of whatever sort; whereas 
behind the charge an enclosed air space, however slight 
ane the obstructions enclosing it, is to be under- 
stood. 

The readiest explanation, although we are by no 
means about to adopt it as the correct one, is to sa 
that before the air space behind has time to veld, 
the explosion has done its full work upon the ball in 
front. The ball, it may be said, is sent off by percus- 
sion. This, of course, may be so, but we think there 
is still left something requiring explanation. A quan- 
tity of powder may be exploded when held loosely in 
the hand. The air around the powder must be dis- 
placed by the explosion, and this displacement of the 
air must require a certain space of time, Yet the 
hand is not violently pressed down, nor is it practically 
disturbed by the explosion. 

In the case of the free explosion of powder in the 
open air, the gases of explosion can disperse freely in 
every direction above the plane upon which the pow- 
der rested. The experiment might be easily tried of 
exploding a quantity of powder within an open cylin- 
drical tube, the lower end resting upon a table, and 
the upper being quite open tothe air. Here, as all 
the gases of explosion would be restricted to one 
direction of escape, they might become considerably 
compressed before they coal reach the upper end of 
the tube, and if this were the case, a considerable por- 
tion of the force of the explosion might be expended 
upon the table below. 

But to go back to the assumption that there is not 
time for the air behind the charge to yield before 
the shot has received its full motion, We cannot 
resist the supposition that at the instant of explosion 
the wad — to move backward with an increasing 
velocity. For, apart from our knowledge that it 
actually is blown}out, and blown, too, into lint, we 
know that if it did not move, it could offer little or no 
resistance to motion, and hence it could offer no base 
of resistance from which, or against which, the ball 
could be projected forward. For we can conceive 
no action upon the ball without an equal reaction 
against something behind it, whether this something 
be only a column of air, or whether it be the solid 
breech of a gun, As far as the mere resistance to 
air in motion (or of a body in motion against air at 
rest) is coucerned, it is usual to estimate it at 50 1b. 

yer square foot for a velocity of 100 miles an hour. 
tn Mr. Scott Russell’s formula, constructed some 
years ago, for the resistance to railway trains, a re- 
sistance of but 25 lb. per square foot was estimated at 
this speed. Even if we take the larger estimate, we 
have at 100 miles an hour, or 146% ft, per second, a 
resistance of but about 41b. per square inch, and at 
the full velocity of a cannon shot, say, 1600 ft. per 
second, we should have but about 41.29 lb. per square 
inch, the resistance increasing as the square of the 
velocity. It is, indeed, the full atmospheric resistance 
which the ball, once in motion in the air, overcome, 
so rapidly. In the non-recoil gun there is, of course. 
the udditioual friction of the wads and of the air its 
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self to be considered, but we are to recollect that 
there is, too, the friction of the ball itself in moving 
along the bore, as well as the friction of the highly 
compressed column of air in front of it. 

However we may examine the question, we find that 
considerations of the resistance to bodies in uniform 
motion fail to explain the actual phenomenon with 
which we have to deal. We know the fact that any 
gun may be burst with an air space between the 
powder and the ball, and that ifthe muzzle of a loaded 
fowling-piece be struck into the snow in winter and 
the piece be then fired, the plug of snow, by obstruct- 
ing the escape of the air within the barrel, will burst 
the gun. Approach the question how we may, we find 
difficulties on every side. We naturally revert to the 
explanation that the particles of air, in the enclosed 
air space, have not ¢ime to yield before the shot is on 
its way at full speed; but this only sets us at work in 
the attempt to ascertain how much time is necessary 
for the transmission of pressure through an elastic 
medium. In the case of solids and liquids we have 
many suggestive illustrations of the time required to 
communicate pressure. A musket ball fired into 
water is flattened, a soft tallow candle may be fired 
through a deal board, and, when fired from a gun, a 
bullet will make only a clean round hole through a 
pane of thin and brittle glass. 

When we speak of the percussive effect of the gases 
of explosion upon the shot, we cannot but believe that 
the percussive effect is the same upon the inner sur- 
faces of the chamber containing the charge, and upon 
the wad or breech behind the charge. The difficulty 
is in understanding how the air space, in the open- 
breech gun, can resist a percussive effect equal to that 
which must have been expended upon the shot in 
order to get it into its actual velocity, known to be 
many hundred feet per second. We are familiar with 
the answer which has been given by others, but it 
leaves something to be explained, and it requires some- 
thing beyond our present knowledge in order fully to 
understand it. 

It is common to consider elastic gases, under what- 
ever conditions of pressure, as having their molecules 
or centres of force equidistant from each other in all 
directions. An elastic gas confined within an enclosed 
space must be supposed to press equally in all direc- 
tions. But, in compressing it suddenly from but 
one portion of the inner surface of the enclosed space, 
we may conceive the particles of the gas as being 
momentarily wedged or jammed across the diameter of 
the space, so as to exert a great lateral pressure, 
as wal as reacting fully against the force causing 
compression, but, in this state, exerting but little 
pressure in the direction opposite to that from which 
the compressing force is applied. Each particle of gas 
is to be considered as a hitehly elastic sa mag the form 
of which may be forcibly altered at any point, and we 
may conceive an assemblage of such particles, under a 
sudden force, so far deformed as to become cones or 
wedges of polygonal section. The isometrical arrange- 
ment of the particles of gases can be that only of 
equilibrium, and must be at once destroyed upon the 
sudden application of force from a single quarter. 
With the owt disturbance of this arrangement we 
have the assumption of new forms of the elastic par- 
ticles, and the simple experiment of compressing a 
number of small india-rubber balls within a tube will 
show the tendency to jamming. Supposing the 
—— to wedge among themselves a to exert 
ateral pressure, their resistance would be still further 
increased by the beat liberated in the explosion of the 
charge. We cannot, of course, consider the wedging 
to be permanent, but we may with much reason con- 
sider it to be effective for an interval of time quite sufli- 
cient to allow the shot to get well off. It may be 
urged that this view should apply equally to the gases 
of explosion in the chamber, and that these should, 
therefore, be ineffective for the propulsion of the ball ; 
but we must remember that the powder or cotton is 
ignited progressively in many, not to say all, directions, 
and that there is thus no surface of propagated pres- 
sure or definite base of resistance to afford the neces- 
sary condition for such wedging as we have supposed, 
the isometrical arrangement of the particles of the 
gases of explosion being taken, pari passu, with the 
progress of ignition. It may fe urged, too, that 
wedging of the particles of air should equally take 
place in front of the ball. If we drive a light plug 
into the muzzle of the gun and thus burst it on firing 
it, we shall have reason to believe that wedging has 
taken place, and it is to be understood that the wedg- 
ing we have supposed cannot, upon the conditions of 
the supposition, occur except when there is present a 
certain resistance, against which the gaseous particles 


wedge more readily than they can roll forward. The 
ball, too, moves with a velocity increasing from 
nothing to the maximum rate attained, and thus it 
merely rolls the particles of air in front of it out of the 
gun with an accelerating motion. In the non-recoil 
gun the charge is ignited, as in other guns, at the rear 
end next to the foremost wad, and we must suppose 
that the motion of the latter, however soon it may 
be checked by wedging behind it, is much more 
sudden than that of the ball in front. Speaking for 
ourselves, we cannot see how otherwise than by the 
wedging of the particles of air the action of the non- 
recoil gun can be explained. 

This explanation, if it be accepted as such, resolves 
itself, no doubt, into the general explanation that there 
is not time for the confined air to yield before the shot 
is off. But this, as we have in substance already said, 
is an explanation in itself requiring explanation. The 
imaginary diaphragm of ouleel particles of air might 
have but little continued resistance to a force acting 
to break through it, but, in breaking through, the same 
force would but form other diaphragms progressively, 
until the rear wad was reached by the compressed 
column. This progression would be one requiring an 
appreciable time, and during this space of time, equal, 
at least, to that required for the discharge of the shot, 
the diaphragm of wedged particles of air would offer 
a resisting base upon which the gases of explosion 
would react with gheir full force upon the bal. In- 
stead of a diaphragm, the wedged particles of air 
would probably retreat as a cone, and it is in this 
form that they would offer their greatest resistance as 
a momentary breech to the gun. 





THE PNEUMATIC RAILWAY. 


Arrer the long and regular working of the Euston 
and Eversholt-street tube, carrying the mails of the 
North-Western postal district, and after the later 
working of a 1} mile length of parcels tube between 
Euston and Holborn, there can be no doubt of the en- 
tire practicability of the pneumatic system. The 
Crystal Palace tube proved, moreover, how entirely 
is this system adapted to the requirements of passen- 
ger traflic. The motion is steady and agreeable, and 
the ventilation perfect; and most forms of ordinary 
railway accidents, such as collisions, running off the 
line, and all accidents to locomotive engines, are, from 
the very nature of the system, impossible. 

As for metropolitan railways in London, the engi- 
neers of most of these are committed to locomotives ; 
but there will be lines here, and elsewhere, which will 
afford opportunities for carrying out the pneumatic 
system. We have not yet all the evidence, which only 
the working of alarge tube can give, as to the economy 
of this system, but upon many points we can form 
definite opinions from well-settled principles. 

The pneumatic system, or the system of “ puffing 
and blowing,” as some of Mr. Rammell’s friends have 
named it, at once brings down the greatest necessary 
weight upon a wheel to 2 tons or 24 tons at most, 
whereas the underground locomotives have 7} tons on 
a wheel. The strain upon the permanent way would 
not be greater in the tubes than that upon the old 
Liverpool and Manchester line when worked with 
Stephenson’s lightest locomotives. The strain, too, is 
that simply due to rolling, and is not aggravated by 
the bite of driving wheels in securing adhesion. The 
great diminution in the maximum load per wheel at 
once secures great economy in both the first cost and 
maintenance of the permanent way, and as for the 
tubes themselves, they are of course cheaper in first 
cost than the much larger tunnels required for loco- 
motives. 

Next, the locomotive being dismissed, all the power 
expended in driving it is saved. On the Metropolitan 
line, the engines weigh two-thirds as much as the 
average weight of the train drawn; and upon some of 
the extensions of the line, the gradients will require 
engines of a weight hardly, if at all, less than that of 
the whole load which they will be capable of taking 
behind them. But the resistance of the engine is very 
much greater, ton for ton, than that of the carriages. 
There are not only the rolling resistance, concussions, 
and axle friction, but there is the internal friction of 
the engine, amounting perhaps, to as much more. Upon 
the pneumatic system, Severn steam engines must be 
ah we and they would have their proportionate 
amount of internal friction, so that we cannot set down 
as clear gain the whole saving of the eccentric and 
valve friction, cross-head friction, &c., of the locomo- 
tives. In the case of fixed engines, there would be a 








large saving in repairs, and we suppose we need not 





go into particulars to show that the exertion of 200 
indicated horse power, for ten hours a day, in a large 
factory engine, does not involve one-half, nor probably 
one-fourth, the outlay incurred in the repairs of 
locomotive working to the same power for perhaps 
five hours daily. Again, the boilers of fixed engines 
can burn slack coal at 11s. a ton, where the Metropo- 
litan locomotives must employ the purest coke, worth 
more than twice as much. 

All these are broad and even popular considerations, 
which those with but a very moderate amount of 
engineering knowledge may readily understand. A 
more interesting question for the engineer is that of 
the efficiency of the blowing and exhausting apparatus, 
in proportion to the power applied. Mr. Rammell 
employs a very large fan, say 22 ft. or 23 ft. in diameter, 
a this in the case of the Euston-square and Holborn 
line revolves at the rate of 150 revolutions per minute. 
This fan has straight radial arms, and we have scant 
means of judging what its efficiency is. Indeed our 
whole knowledge of the dynamic value of fans, as 
machines for forcing or exhausting air, is very im- 
erfect. Mr. Bourne ascribes their introduction to 
Messrs. Carmichael, of Dundee. The late Mr. Buckle, 
of Soho, made a series of useful experiments upon 
fans, detailed in the Transactions of the Institution of 
Mechanical Engineers, but these show nothing as to the 
‘“* work” done, say in foot-pounds, in proportion to the 
power expended. Mr. Downie read a paper, a few 
years ago, before the Institution of Engineers in 
Scotland, upon an improved fan, and Professor Rankine 
supplied an appendix containing various calculations, 
but none of these papers have shown the proportion of 
work done to the power applied. In other words, 
although the power icouulel in driving fans has been 
ascertained, we have not had the weight and velocity 
of the air which they have set in motion. A fan may 
accumulate a given pressure in the fan-case, say 104 oz. 
per square inch, without delivering any air at all, anda 
certain power must be expended in order to maintain 
this pressure, even when no outlet is open. And while 
we sane that 10} 0z., or, say, %ds of a pound, 
corresponds to a column of air about 1150 ft. high, and 
that all the air blown under this pressure ought, in 
theory, to issue with a velocity which would carry it 
to that height iz vacuo, we know that in practice the 
velocity is much less, and that the actual discharge is 
directly as the velocity, and that the height to which 
the discharge of air would be thrown iz vacuo is as 
the square of the velocity. In other words, if a fan 
discharged its air with but one-half the velocity 
theoretically due to the pressure in the fan-case, the 
weight of air sent out would be but one-half what it 
should be theoretically, and the height to which the 
air would rise iz vacuo would be but one-fourth that 
due to the full pressure, and thus the work really done 
would be but one-eighth that due to the power ex- 
vended. It is exactly upon these points that Buckle’s 
lina and others’ experiments afford no informa- 
tion. And even such results as they do give do not 
quite apply to the fan with radial arms, which Mr. 
Renal employs. Every one who has had occasion to 
carefully observe trials upon apparatus of this kind 
knows how unsafe it is to venture @ priori upon any 
prediction as to the result, and we shall not, therefore, 
make any estimate of the work done by the fans em- 
ployed for the pneumatic tubes, in proportion to the 
power expended. But that there is a great loss, a loss 
amounting to more than one-half of the power applied, 
we have abundant reason to believe. We are not sure 
that, even with a greater loss than this, the pneumatic 
system cannot compete successfully with underground 
lines worked by locomotives. Whatever may be the 
waste in the application of atmospheric power, the 
system possesses many advantages, and it is possible 
that these will more than compensate for the consider- 
able loss of effect in the use of the fan with radial 
arms. At present no proper tests have been made, 
and, therefore, there is no precise evidence to show 
that the system of propulsion upon which so much 
money is now being staked will give results pecuniarily 
superior to those now attained by steam on the 
underground lines of railway. 








Iron SLEEPERS.—At the meeting of the shareholders of the 
Madras Railway, the chairman observed that the working of the 
South-West line showed the very remarkable economy of using 
iron instead of wood for sleepers. Even on the west coast, 
where abundance of wooden sleepers could be obtained, the cost 
of maintenance was 164. per mile per annum; whereas, on the 
Bangalore branch, laid with iron sleepers, the cost was only 75k. 
per mile per aunum for maintenance. On the North-West line 
the maintenance was as low as 71/. per mile. It, in fact, made 
all the difference between a profit and a loss. He congratulated 
the proprietors on being the first to adopt iron sleepers 2 
India. ‘They are being largely used on other lines. 
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A FEw weeks ago, we described in this Journal* the steering 
gear patented by Mr. M. W. Ruthven, and applied to the Nauti- 
lus, an experimental steamboat, fitted with Mr. Ruthven’s 
hydraulic propeller; and we now give an ages of another 
arrangement of this steering apparatus, together with the jointed 
rudder also patented by Mr. Ruthven. Figs. 1 and 2, which 
show respectively an elevation and plan of the steering gear, 
will enable us to explain its action. tf he rudder-head, A, carries 
the tiller, B, and the end of this is connected, by ropes passing 
over the pullies, P, with the barrel of the steering-wheel in the 
usual way. The end of the tiller, B, is also coupled by means of 
the link E with the lever, C, which is placed athwart the vessel, 
and is movable on the fixed centre D at one end of it. The 
other end is connected by a link with one of the corners of the 
triangular lever, G, which works on a centre, H, carried by the 
frame, F. The same frame also carries a short vertical shaft, 
furnished at its upper end with the winch handle, L; on this 
shaft is fixed a pinion, which gears into the wheel, M. The 
shaft upon which the wheel, M, is fixed, also carries a pinion 
which gears into the quadrant, I, which works upon a centre at 
one corner of the triangular lever,G. To a point, I, in the quad- 
rant just mentioned, is attached a rope, which, by means of the 
differential pullies, N N, and the ropes shown in the illustration, 
is connected with a.weight sliding in the vertical tube, O, which 
leads downwards from the deck. When the various parts are in 
the respective positions shown in the figures, this weight exer- 
cises, through the connecting ropes, &c., a pull upon the end of 
the lever, C; if, on the other hand, the quadrant, I, be moved 
by means of the handle, L, and the wheelwork into such a posi- 
tion that the point, I, to which the rope is attached is on the 
other side of the fulcrum, H, of the triangular lever, the weight 
will exert a thrust upon the lever, C, instead of a pull. 

The action of the apparatus is as follows: When the vessel is 
moving ahead the quadrant is placed in the position shown in 
the illustrations, and then as the rudder is put over, the tiller and 
connecting links assume the positions shown in dotted lines, and 
the pull exercised by the weight assists the steersman in keeping 
the rudder over, by balancing to a greater or less extent the 
Pressure of the water against it. When the vessel is moving 
astern, the position of the quadrant is altered in the manner 
we have already described, until a thrust is exerted against the 
end of the lever C, this thrust tending to keep the rudder 
amidships, thus counteracting the tendency of the water to turn 

ton one side. In addition to enabling the action of the weight 





* EncIngERinG, April 13th, 1866, page 240. 
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to be reversed, the quadrant also gives the power of regulatin 

the amount of pull or thrust exercised by it to any desire 

extent. In the steering geer of the ‘‘Nautilus,” to which we 
have alluded, a spring was substituted for the weight, and the 
arrangement for changing the pull to a thrust, and vice versé, 
was also different ; it was described in the notice to which we 
have already referred, and appeared to work most successfully. 
Mr. Ruthven’s patent rudder is shown by Figs. 3, 4, and 5, from 
which it will be seen that it is jointed, and that the various parts 
are, by means of levers and links, made to offer a curved surface 
to the water when the rudder is put over. The arrangement of 
the levers and links by which this effected is shown by Fig. 4, 
and a comparison of that figure with lig. 5, in which the rudder 
is shown put over, will render their mode of action clear without 
further explanation. The Nautilus was fitted with one of these 
rudders. : 








THE CYCLOSCOPE. 


A cHEAP, compact, and reliable instrument for setting out 
curves will be welcomed by practical railway engineers as a 
substitute for the theodolite—a perfect means for obtaining cer- 
tain results, but costly and extremely inconvenient to carry, 
where the centre lines of railways have, as is often the case, to 
be set out with great rapidity, or over a difficult country. Mr. 
Stanley, of Great Turnstile, Holborn, is now manufacturing, 
from the designs of Mr. H. T. Humphreys, as a substitute for 
the transit theodolite, an instrument theoretically as well as 
practically correct in its principle. The cycloscope, which has 
externally the appearance of a box sextant, is fully illustrated 
in the pe engravings, which are drawn half the full 
size. It consists of two plain mirrors, one fixed and wholly 
silvered, and the other only half silvered and adjustable in 
such a way that it may be inclined to make any ne- 
cessary angle with the fixed mirror. On it is engraved 
a line, immediately opposite the eyehole in Fig. 2, for the 
purpose of ranging any object in a direct line. Lach of 
these mirrors is fixed in a short tube, one working within 
the other (Fig. 1), and around the outer one is placed a 
graduated scale divided into minutes, while the degrees are read 
off on a second scale at right angles tothe first. By turnin 
one tube around the other, until the degree of the curve require 
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is registered on the scale, the position of the movable mirror is | whatever the radius or the length of the curve. Although it can 
altered, and forms an angle more or less acute with the fixed | be held in the hand whilst being used after the manner of a box 
one, so that were a line passing through the plane of each pro-| sextant, it \is advisable in practice to use a rest, the top of a 
duced, they would meet in a point forming the ‘centre of the| ranging rod answering the purpose sufficiently well. 
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curve which is intended to be set out on the ground. In 
practice, on ranging the instrument with a rod placed at the 
tangent point, a series of its reflections are cast backwards and 
forwards between the wholly and half silvered mirrors; 
the various images will be situated at equal angular dis- 






































tances around a truly circular arc, and these angular distances 
will be equal to twice the angle between the two mirrors. 
Only four or five of the reflected images should be employed 
ranging rods being placed at the points where they occur, an 

the position shifted as the reflexions get too faint to be tho- 
roughly reliable, but after the instrument has been once set to 
the requisite tangential angle no further adjustment is necessary, 
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WROUGHT-IRON ARCHED BRIDGES 
AND VIADUCTS. 

Tue theory of the equilibrium of arches has, until 
quite recently, commanded but little attention from 
practical men, partly owing to the fact that, since it 
was derived from observations of their own failures and 
successes, it came rather too late to be of much service 
to them, but chiefly owing to the form in which it was 
presented by mathematicians, who, by giving a fictitious 
importance to insignificant matters, effectually obscured 
the broad truth, that the whole question was essentially 
a comparatively simple problem of weight and leverage. 
Although the condition of a brick or stone arch, under 
any given load, is easily ascertained, a considerable 
amount of intricate calculation is required to get an 
equally definite result if iron, a material of great 
mobility, both from changes of strain and temperature, 
be employed. But, fortunately, in this country, it 
seems to be the general opinion of engineers that it is 
inconsistent to insist upon mathematical accuracy in 
the proportions of structures where some 300 to 400 
per cent. is considered necessary, and allowed, for con- 
tingencies ; and that a correct appreciation of general 
principles, the only sure basis for the formation of a 
sound judgment, is of greater value than many long 
formule. The necessity of this familiarity with general 
principles, as a guard against the undue influence of 
precedent, is especially obvious on the introduction of 
a new material, since there is an inherent tendency to 
mould it into the forms used for the preceding one. 
Thus, the imitation of stone arches is apparent in the 
short-framed voussoirs of the Sunderland and other 
early cast-iron bridges, in the rusticated and painted 
casings of Wiebeking’s timber bridges, and in numerous 
other instances; whilst countersunk rivets in face 
work, and other similar contrivances, show the analo- 
gous influence of cast iron on wrought. 

Some time elapsed between the general adoption of 
wrought iron for girder work and its introduction into 
arches ; and, at first sight, cast iron, the material best 
able to resist crushing, seems the most suitable for a 
structure where, apparently, the compressive strains 
are the only ones. That this advantage is merely ap- 
parent, the following brief review of the work done by 
a wrought-iron arch, though necessarily superficial, will 
be suflicient to prove, since it is universally admitted 
that cast iron is very inferior to wrought in structures 
where it is liable to sudden changes, both in the amount 
and direction of strain. 

Let W denote the total load distributed, and r the 
ratio of span to rise, then the maximum xa/wral 
thrust (‘T) of an arch, under any circumstances, will be 


7 
=z, and the maximum strain can never be less 
th: Te) 7, 16 There are three dis ; forces 

ian J) 4. 29, 1ere are three disturbing forces, 

;3 

deflection, change of temperature, and change in 
position of the load, tending to increase this strain on 
the arch, The problem is, to neutralise the two first 
by proper adjustments, and to reduce to a minimum 
the inevitable transverse strain thrown on the bridge 
by the latter, either by providing adequate depth, or 
by taking advantage of the principle of continuity in 
the “ girder” part which will have to resist it. It will 
be convenient to ascertain, first, the nature and amount 
of these forces in a segmental arched rib with immovy- 
able abutments (practically a single-arch bridge), and 
then by what modification of form we shall be enabled 
to comply best with the conditions of the problem set 
before us. 

Deflection, though it rather lessens the total amount 
of compression on an arched rib, throws it in unequal 
proportions on the two flanges. Instead of making 
these of unequal areas, for practical reasons it will be 
preferable to alter the normal position of the centre of 
yressure, by putting an initial strain on the flanges. 
rhe most convenient way of doing this is, either by 
making the rib to a span a certain amount larger than 
the actual one, and springing it into place, or by cotter- 
ing it up after it has taken its bearing. The excess of 
span in inches desirable in average cases will be 
T S(w—1) 

SU0a w 
total to rolling load, and athe area of rib in square 
inches ; this allowance will, to a great extent, neutralise 
the effects of deflection; the importance of it is in- 
versely as the rise, and directly as the depth, of the 
arched rib. : 

The observed movement of any bridge from change 
of temperature is generally considerably less than 
might ™ inferred from calculation ; partly owing, no 
doubt, to the very gradual transition from one extreme 


; s being the span in feet, w the ratio of 
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of temperature to the other, and partly to imperfect 
freedom of movement, In the following corrections, 
it is assumed that the arched rib will be adjusted to 
the mean temperature, and that a straight rib similarly 
adjusted wwe be liable to about 2 tons per square 
inch tension and compression. As the strain on the 
rib from change of temperature will be in proportion 
to its area, it will be necessary to multiply the section 
required for strength at the mean temperature by 
certain factors, in order to cover the effects of extremes 
of temperature. If the ends of the rib be rounded, 


the factor would be about for the centre of the 


Sona 

2d 
span, diminishing to 1 at the springing, ¢ being the 
allowed strain in tons per square inch, and d the ratio 
ef span to depth of arched rib, If the ends be 
square, allowing for imperfect fixing by taking the 
modulus of elasticity at half the usual amount, the 
factors would be 1,,th at the haunch, increasing to 


_ for the centre, and to 1} times that amount for 
or 

4d 
the springing. 

The most important of the disturbing forces, but at 
the same time the most difficult to trace, is that caused 
by the rolling load. For an individual case an exact 
result may be arrived at, with moderate facility, by the 
method of “ false position” or repeated trial; but for 
general cases over-refinement, and the consequent 
confusion, is inexpedient. In an arched rib with 
rounded ends, given the amount and position of the 
load, the moment of inertia of cross section, and the 
amount of initial adjustment, we can, knowing that 
the chord of the deflection curve is a constant quaatity, 
determine the position of the points of contrary flexure 
and thence the strain. The maximum strains at 
different points are obtained with varying positions 
of the load, and the position of the point of greatest 
stress is governed principally by the amount of adjust- 
ment for deflection. If that be sufficient to bring the 
metal into a state of equal compression throughout, 
when the maximum thrust is obtained, the greatest 
stress would take place on the 4o¢fom flange of rib, at 
the unloaded haunch; or if there were no adjustment 
at the ¢op flangeof theloadedhaunch, with the amount of 
adjustment for deflection which we have assumed, it 
would also occur at the haunch, but be less in amount 
than in either of the other cases, and be about equal on 
both flanges. In all eases the rolling load causing these 
maximum strains would be covering from ths to 


yoths of the span. To include these yarying strains, 


;, ‘ ae . Pe 
the sectional area of the rib at springing (+ 1+ =) 
= 


d 3 
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should be multiplied by ————__—— for that 


1” 
at the haunch, and that at the centre may be the 
mean between the two. In designing the cross section 
of the rib from these areas, the effective area of web 
should be taken less than the actual amount, in the 
proportion of w—lto w. In an arched rib with 
square ends there are additional points of contrary 
flexure, which we are enabled to determine by know- 
ing that the skewback is normal to the deflection 
curve at the springing. The area required at that 
point will be that before given for the round-ended 
= +2) +u—] 


and the area at 





rib, multiplied by 


the centre may be the mean between these two areas 
at the springing, 

Having now examined the strains on a simple arched 
rib, we are in a position to consider what modification 
of form, if any, will enable the arch to do its work 
in a more efficient manner. In the first place, a 
distributing girder along the top of the arch, sharing 
all the disturbing forces with it, would be very in- 
ferior in effect to the same amount of additional 
metal thrown into the rib ; indeed one of the first prin- 
ciples of economic design is concentration, not division 
of load. The same objection applies, in a less degree, 
to a distributing girder dying away in the arch at the 
crown. In neither case would it be advisable to as- 
sume any assistance from the girder as a strut to the 
abutment. Unless the rolling load was proportionally 
great and the depth of rib unusually small, under cer- 
tain conditions of temperature, the arch would be 
doing all the work before the strut could come into 
play. Under any circumstances, one end only of the 





girder should be fastened to the abutment, the other 
being free for movement. If the spandril filling be. 
tween the arch rib and horizontal girder be capable of 
acting as bracing, from the increased depth of girder 
thereby obtained, the strain at the haunch would be 
lessened, but, for the same reason, that at the centre 
would be increased. The balance of advantages would 
rest with one side or the other, according as the rolling 
load was heavy or light. The increased strain at the 
centre, evidently arising from the imperfect freedom 
for rise and fall of the crown of arch, naturally sug. 
gests dividing the rib at that point, and rounding 
each of the ends. ‘This has been done in several 
German bridges. With adequate depth of bracing, 
the horizontal girder and arch rib being, say, one. 
fifth the rise of arch from centre to centre at the 
crown, the maximum strain on the rib would be the 
same as if no disturbing forces existed, and the maxi- 


mum on the girder would be T Tén" Since this ar- 


rangement meets all the requirements of the problem 
as previously stated, namely, adequate depth of girder 
A the elimination of all strains from deflection or 
change of temperature, it is unnecessary here to consider 
other modifications of the single-arch bridge. Through 
other solutions of the problem are possible, they could 
not present any greater theoretic advantage ; the only 
improvement, therefore, would be one of detail, affect- 
ing chiefly special cases. 

It is necessary now to consider the condition of an 
arch when the abutments are more or less movable, 
or, practically, when it is one of a scries in a viaduct; 
for although the end abutments may be safely assumed 
to be immovable, as was done in the case of the single- 
arch bridge, the intermediate piers are rarely, if ever, 
equally stable. Very little consideration will make it 
apparent that the great difference between the two 
cases is in the amount of strain caused by the rolling 
load, As far as the equally distributed Toad is con- 
cerned, the natural thrust of all the arches being equal, 
the stability of the intermediate piers is a matter of 
indifference. The same thing may be said with regard 
to the strains from deflection and change of tempera- 
ture. It is otherwise, however, when the rolling load 
is concerned ; in that case, as the thrusts of adjacent 
arches do not always balance, the difference must be 
taken up either by the piers or by a modified artificial 
thrust on the whole series of arches. The most disad- 
vantageous conditions will be obtained when the inter- 
mediate piers have ao stability, the neighbouring arches 
being the only abutment. Under these circumstances, 
the amount yielded by the abutments, and therefore 
the strain, will be governed, to a great extent, by the 
number of spans in the viaduct. The desirable amount 
of adjustment for deflection will also be affected by the 
same circumstances ; though smaller in amount than 
before, it will, owing to the greater depth of arched 
rib usually obtained in this case, be of at least equal 
importance, The amount of cottering-up in inches 
suitable for average examples, in order, as before, to 
admit economically of an equal-flanged cross section of 
TS (1+ wa —2) 

800 awn 
already given for the strains from deflection and 
change of temperature may be used in this instance 
also without material error, the same reasoning being 
applicable to both cases. 

In estimating the amount of strain from the rolling 
load, it is unnecessary to consider the effect of any 
particular distribution of load on an individual span, 
since it will be insignificant, compared to that result- 
ing from the position of the load on the viaduct as a 
whole. The maximum stress on the upper flange of 
any rib takes place when the arch of which it forms a 
part is loaded, and all the remaining ones are light ; 
the maximum on the lower flange is obtained under the 
reverse conditions, that is, when the arch under con- 
sideration is the only unloaded one. And since the 
amount of adjustment given for deflection will ap- 
proximately bring the metal into a state of — 
compression, as far as the thrust is concerned, when 
the greatest bending moment occurs, the maximum 
strain may be taken at the same amount on both 
flanges. If the ends of the ribs be rounded, the area 
at the springing will be the same as that yreviously 
given for the single-arch bridge, under similar condi- 
tions, which amount should be gradually increased to 
r os 1e—2) + i} for the area at the centre 
t wur 
of the arch, at which point the maximum stress takes 
place. In the case of a viaduct in which the ends of 
the arched ribs are square, and the abutting ones 


. The factors 





rib, will be about 





rivetted together, the determination of the exact stra 
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involves so many assumptions, and problems of such 
extreme perplexity, that it would be a mere coincidence 
if two separate attempts at solution gave the same re- 
sults. For practical purposes, sufficient margin will 
be allowed for all probadle strains, if the area of the 
rib at the springing be made the mean between that 
previously given for the springing of the square-ended 
single-arch rib and the centre of the viaduct rib. The 
area at the centre may be the mean between the area 
thus obtained and the area at the same point of the 
round-ended viaduct arch before alluded to. 

Comparing these areas with the ones required in a 
single-arch bridge doing the same work, it is at once 
apparent that in the case of a viaduct with unstable 
intermediate piers the simple arched rib is not well 
adapted to the requirements of the rolling load ; and 
that, for economic reasons, some considerable modifi- 
cations of form is desirable. The only advantage in 
placing a horizontal girder along the top of the arch 
is, that a greater depth may be given to it, without spoil- 
ing the appearance of the bridge, than could be | sone 
to the arched rib itself; but it is open to all the ob- 
jections previously urged against it. And in addition, 
if the depth of the two members be different, another 
element of uncertainty, the degree to which they may 
be relied upon as working together, is introduced. 
And again, strains from change of temperature, due 
to greater depth, would be imposed on the rib, without 
the corresponding advantage of greater ability to carry 
the rolling load being obtained. 

Continuity of girder is objectionable, since, to pre- 
vent undue strain on it, freedom for expansion must 
be allowed at the ends; and if the ends be free, a great 
amount of strain will be concentrated on the end 
arched ribs. However, this objection would not be of 
much weight if the girders were continuous over two 
spans only; but, at the best, the advantage of con- 
tinuity in this instance is very questionable, for the 
reduction in the maximum strain at the centre, under 
certain conditions of load, would not be equivalent to 
the increase at the pier under other conditions. The 
effect of braced-spandril fillings is the same as in the 
previous case, that is, the rib and girder would require 
greater section at the centre, and less elsewhere. 

The direction in ‘which capability of improvement 
really lies is evident, since two necessary conditions 
for economical construction are wantmg in the 
simple arched rib; namely, adequate depth of 
girder for the rolling load, and freedom of move- 
ment for expansion and contraction. Now, with 
the proportion of rolling load usually obtained in 
practice, adequate depth for rolling load means 
the same thing as adequate depth for total load; 
or, in other words, the considerations fixing the rise of 
an arch at a certain amount would also fix the depth 
of the “girder” part at a similar amount. But, since 
the arched rib itself should be one member of the 
girder, and since the depth of the girder should be 
greatest in the centre, it follows that the most effective 
way of forming it would be by fixing a horizontal 
girder between the feet of the rib with bracing, in the 
manner of a bowstring bridge. The problem would 
now be solved, were it not for the disturbing influences 
of deflection and change of temperature, which enforce 
another modification. Let the arched ribs of ove end 
span have rounded ends, and, instead of the ends next 
abutment resting immediately in their shoes, let round- 
ended struts, in the direction of a tangent to the arch 
at springing, intervene betweenthem. If this be done, 
deflection or change of temperature would only cause a 
slight rise or fall of the end span, not detracting in any 
way from the efficiency of the arch and bracing. On 
the contrary, if the rake of the struts be properly 
adjusted to produce a certain initial compression on the 
horizontal girders between the feet of the ribs, the 
maximum strain on those members would be consider- 
ably reduced. If these precautions be taken, the 
greatest area necessary for the arched rib would be the 
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least maximum for any arch ( ra/ 416), and that 
t re 

for the horizontal girder, with moderate length of strut, 


should not exceed the fraction $48 of that 
4 = ti00) 


amount. This last system is, theoretically, the most 
economical attainable for a viaduct with unstable in- 
termediate piers ; it also has the practical advantage of 
a level soffit. In principle, it much resembles the high- 
level bridge, designed by Mr. Fowler, to carry his pro- 
posed “ outer circle” railway over the Thames. 

; In the majority of cases, the intermediate piers of a 
viaduet have a certain amount of stability ; the extent 
to Which this may be relied upon, as influencing the 
Strain on the arched ribs, must be, to a great extent, 





decided by sound judgment in the individual instance. 
Width of pier is valuable, not only on account of the 
direct increase of stability thereby obtained, but also 
of the 7 vortunity it affords of increasing the effect of 
that sta nity, and at the same time the advantage of 
continuity, by fixing the arched ribs and girders firmly 
to the pier with long holding-down bolts. In all cases, 
the necessary section of arched rib will lie between 
those required in the two extreme cases we have con- 
sidered—the single-arch bridge and the viaduct with 
unstable intermediate piers; the side to which it in- 
clines may be roughly determined by considering the 
actual stability of the pier with reference to the re- 
quired stability. 

The result of the preceding investigation affords 
another illustration of the fact that mechanical and 
eesthetical perfection are often incompatible. Follow- 
ing the track pointed out by theory, we have arrived 
at forms of the arch decidedly ugly, compared with the 
original model. ‘The simple arched rib, with hori- 
zontal girder, is an admirable framework for artistic 
treatment; if this be taken advantage of, it forms a 
bridge at the same time elegant and expressive of the 
work it has to do. But, unfortunately, in cases when 
economy is the first consideration, it is seldom admis- 
sible. One thing is clear: if this system be adopted, 
it should be treated in a manner expressive of the fact 
that the alternative of mechanical superiority has been 
duly considered and overruled, Thus the spandrils of 
the arch, so often crammed in with a lot of zigzags ex- 
pressing nothing but feebleness of conception, should 
form one of the most artistic features of the design ; 
indeed, there are so many constructions to which the 
skull and crossbones pattern of bracing is essential, that 
it may well be dispensed with in spaces so utterly un- 
fitted for it as the spandrils of ordinary arch bridges. 








REPAIRING SUBMARINE CABLES. 


Wuen a cable is to be repaired, the first operation 
is to ascertain by electrical tests the position of the 
fractures. We shall not at present detail the mode 
adopted, and the various difficulties that arise, as this 
forms of itself a subject on which more can be said 
than could be comprised in a single article. 

The repairing ship next proceeds to the position of 
a fault, which is ascertained by horizontal angles to 
objects on shore when the position is within sight of 
land. When the point of fracture is only a little out 
of sight of land, a course carefully run by patent log, 
the tide being duly allowed for, from a point fixed by 
angles to the shore, will give the position with sufli- 
cient accuracy; but when far from land, observations 
for latitude and longitude must be resorted to. 

On arriving at the spot, a flag buoy is moored, as a 
mark for all further operations. 

The ship then proceeds to dredge for one part of the 
cable, endeavouring to strike the cable at such a dis- 
tance from the fractured end, that when hooked there 
may be sufficient length between the broken end and 
the grapnel to prevent the cable from being dragged 
over the ground by the grapnel, without the strain on 
the grapnel-rope giving evidence that the cable has 
been hooked. It may happen also with a heavy cable, 
if hooked too near the end, that although it may be 
felt, yet in lifting the grapnel the cable will render over 
the grapnel and slip off. ; 

If the grapnel hooks the cable too far from the 
broken end, the part between the end and the grapnel 
will not come home over the ground ; and thus if the 
cable is laid without any slack (which is generally the 
case in shoal water), the strain in lifting is very great, 
both on the grapnel-rope and cable. The cable has to 
be hooked, therefore, if possible, near enough to the 
end to allow of the cable coming up quite slack, and 
yet, for the reasons pointed out, not too near the end. 

In dredging where there is a tide, the dredge is 
always made with the tide. A position has to be taken 
up by the ship such that, taking into account the effect 
of wind and tide, she will drop down and strike the 
cable just at the proper distance from the end. In 
dredgmg with the tide, the grapnel is let go from the 
bow sheave, and the ship drops down stern foremost ; 
the grapnel-rope has a turn ro round a bollard, and 
men stand by to veer away when the grapnel hooks 
anything. Directly this occurs the ship is steamed 
ahead to counteract the tide; but in a strong tide, even 
by setting the engines ahead full speed, 50 or even 
100 fathoms of grapnel rope may be eased away before 
she begins to make head against the tide. When the 
grapnel-rope begins to slack, three turns are taken 
round the picking-up drum, and the grapnel-rope is 





wound in as fast as the ship proceeds over the ground 





until the grapnel-rope is nearly up and down. The 
ship’s engines are then eased, so as to keep her just coun- 
teracting the effect of tide, and great care is then re- 
quired in tending the ship, both as to helm, engines 
and sails, as the slightest sheer one way or the other, 
or too much or too little way, will cause a great extra 
strain on the grapnel-rope. 

When the cable is hove up to the bows, its degree 
of tightness gives evidence as to whether the end is 
near or not, and determines the further operations. If 
it is very slack, the bight can be got inboard by care- 
ful management, and the part leading to the end 
wound in bythe drum. It is rarely, however, that the 
Jirst part dredged for is hooked so near the end as to 
allow this. 

In dredging for the first part, indeed, it is in many 
cases so very uncertain as to which side of the fracture 
the cable will be. hooked, that when it is hauled up, 
unless the slackness denotes which way the end lies, it 
becomes necessary to cut the cable and test electrically 
to ascertain’ which is the short part. This will be 

sasily understood when it is considered that to any 
error in ascertaining the distance of the fault elec- 
trically may be added the error in taking up that posi- 
tion nautically. 

The cutting of the cable, when it is a strong cable 
and very taut, is an operation requiring some caution 
to prevent accident, particularly if there is any sea on. 
A chain is made fast to the cable, hauled taut, and 
made fast inboard; a second chain is made fast a 
yard or two from the first, and a quantity of slack 

yaid overboard, the other end being made fast in- 
board. A man, properly secured, then descends a 
short iron ladder, provided on each side of the bow 
sheave, and files each wire through between the two 
chains, until the cable is sufficiently weakened to 
part, when the end which is fast to the slack chain 
flies back into the sea. The end fast to the short 
chain is then hove in, and the electrical tests applied, 
when it is soon known whether this is the part lead- 
ing to the shore or to the fractured end. If it is the 
part leading to the shore, the conductor is sealed up 
and a nun buoy is attached in the manner already de- 
scribed, and the end is let go. If it is not, this is 
veered away, and the part leading to shore hauled up, 
and buoyed as described. The chain attached to the 
short part is then hauled in, and the cable taken to the 
drum; and this piece of cable leading to the fracture, 
which may be in length anything from a quarter of 
a mile to two, three, or five miles, is wound in, taking 
care to steam the ship so as to bring no horizontal strain 
on the cable, and thus not to drag it over the ground. 
When the broken end is arrived at, a buoy with moor- 
ings is instantly let go, which thus marks the tor 
of the other fractured end. ‘This part can be dredged 
for, therefore, with greater accuracy, and may be ob- 
tained without cutting, even if hooked far enough from 
the end to come up quite taut. To effect this when 
the cable is hove up, if very taut, it is placed in the 
under-running sheave, and is underrun sufficiently near 
to the end to allow of the bight being hauled up and the 
end procured. Spare cable is then spliced on and 
paid out (if the distance is short from the bow sheave) 
until the ship is close to the we | on the end first 
buoyed. This buoy is then weighed, and the buoy got 
in at the bow sheave, and the final splice made, when the 
bight is let go. We have here given a rough sketch 
of the operation of repairing as it occurs under the 
most favourable circumstances. We shall revert to 
the subject. 








“TO THE EDITOR.” 

Burt few can know the number and character of the 
questions addressed to the editor of a leading engineer- 
ing journal, with the request that he will reply to them 
in his “ Answers to Correspondents.” As a rule we 
never print answers to correspondents, although we 
may take the trouble occasionally to answer them by 
post ; and we refer now to those purely selfish commu- 
nications which are intended to save a consulting fee, 
or something more. We often receive letters asking 
us to say whose machinery for such and such a pur- 
pose is best and cheapest, and it appears to be really 
expected that we shall reply, in a column set apart for 
the purpose, that Jones’s or Smith’s is, of all others, the 
very thing required. But it amounts to a sensation 
when we find our valued correspondent writing a 
second time, to remind us that he wrote, on such or 
such a day, enclosing a stamp for reply, and that he 
expects an answer by return of post. We had not 
supposed it worth while to state that a journal like 
this cannot set apart a “Correspondence Column” 
wherein to advertise its own or other advertisers. 
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RAILWAY BRIDGES. 


Tue forms in which iron has been employed in the 
construction of railway bridges are remarkable for 
their number and diversity. The material does its 
work only when pulled in tension or when pushed in 
compression, yet the combinations in which one or 
both these strains are applied are so various that it is 
one of the most extensive branches of the study of 
engineering to analyse them. Cast-iron bridges were 
first made as arches, where the metal is chiefly in com- 
yression. Next came the cast girder, where a large 
otbden flange is in tension. Then we had the com- 
pound girders, where three lengths were boltedtogether, 
end to end, and trussed with tension bars. Of this 
structure was the unfortunate Dee bridge, at Chester ; 
and there are a good many of these compound trussed 
girders yet in existence, notably on the Blackwall line, 
over the Minories, and on lines near York. Mr. 
Stephenson, too, employed cast-iron arches with a ten- 
sion member, so as to form a bowstring girder, and, 
indeed, there were a variety of combinations of cast and 
wrought iron. 

But at least twenty years ago engineers had turned 
their attention to the exclusive use of wrought iron 
for bridges. This is irrespective of suspension 
bridges, which have often been proposed for railway 
bridges, and which are necessarily of wrought iron 
or steel. And it is in wrought iron that we have had 
the most wonderful variety of structure. There have 
been tubular girders both with and without cells, box 
girders, plate girders, and lattice girders ; and the two 
last-named varieties have been made with both hori- 
zontal and arched top chords. There are bowstring 
girders, and double cantilevers, and wrought-iron 
arches, and, withal, the greatest variety of arrange- 
ment of the parts which connect the upper and lower 
members of trussed girders. We have ceased to 
employ cast iron in trusses of any magnitude; and 
wrought iron, indeed, is now preferred even for 
arches, as in the Victoria bridge at Pimlico. 

The consideration of the best arrangement of iron in 
a bridge has occupied a very large share of the atten- 
tion of engineers, and, beyond strength and economy, 
they have seldom sought to secure anything like 
beauty in their designs. Indeed, the best arrange- 
ment has been strictly held to mean that which was 
both the strongest and cheapest ; and we have no ob- 
jection to this standard of merit. But it is time to 
study appearance besides. There is a greater tendency 
at the present day towards embellishment, or, rather, 
towards a high order of art in design, than has ever 
been known before, at least in England. It is, per- 
haps, most strikingly manifested in architecture, and 
bridges are really architectural works. Look at the 
stacks of plain bricks, the high and lowering walls 
with square holes for windows, which, still standing 
in Gower-street and Harley-street, represent the street 
“architecture” of London a century ago, and contrast 
with these the modern houses at Lancaster-gate and 
many of the later buildings in Belgravia. Compare 
the ugly fronts of the older houses in Cheapside and 
the Strand with the class of modern commercial 
buildings now rising so plentifully in the City. And 
as for public buildings, we have the new Foreign- 
offices and the new and large hotels to contrast with 
the Horse Guards, the Admiralty, and the old East 
India House. There are many who dislike change for 
its own sake, and who will yet say, give us back the 





old house in Leadenhall-street, and let us have none 
of your bran new and flaunting hotel fronts. But 
here—and there are hundreds who will still speak so 
—there is the element of long association; and the 
a spirit of comparison is that which regards two 
different buildings as buildings only of different de- 
sign. As for railway bridges, it can hardly be sup- 
posed that what we understand as association can ever 
attach to them. They have no history in the higher 
sense of the term. Nobody lives upon them ; no great 
work or important event, unless a railway accident 
be one, ever takes place upon them; a | they are 
nothing, therefore, but railway bridges, stone, brick, 
or iron—cold, hard, and unsentimental. But this is 
no reason why they should be as ugly as the bridges 
in the Borough. A railway station has hardly more 
claim upon artistic treatment, and there were those, 
and architects too, who, a few years ago, held that a 
railway station was beneath the dignity of architecture. 
In those days were built the Shoreditch terminus, and 
the old brewery in the Waterloo-bridge-road became 
the South-Western Railway Station. But there after- 
wards arose the railway palace at Paddington; and 
even King’s-cross, despite its hideous front, has a 
noble interior. The Birmingham station is a big 
barn—a barn of grand proportions, and noble for its 
very size; but there is not much art in it, other than 
first-class constructive art, and in this sense we are all 
proud of it. But look at the Strasbourg station in 
Paris, and see what French taste can make of a rail- 
way terminus. It is a noble and, at the same time, a 
superb building. Even in Dublin there are handsome 
termini, and of these that of the Great Southern and 
Western at Kingsbridge, although rising almost out of 
a waste of timber-yards and sunken ground, is both 
stately and elegant. 

If railway stations may be planned with taste, and 
enriched by art—and the greatest in the future of all 
railway stations, the St. Pancras, of the Midland Com- 
yany, will, before many months, arise to show what may 
* Tone in railway architecture—then, surely, the time 
will come when the bridges will obtain equal justice. 
‘The engineer, it is true, has many difficulties to deal 
with, and some of these almost preclude artistic treat- 
ment. Mr. Hawkshaw, last week, when questioned, 
in a House of Commons committee, as to the possi- 
bility of preventing the noise from trains passing 
over the railway bridges in London, said that the 
parochial authorities insisted upon iron bridges, and 
that with iron there was no stopping the noise. 
The iron bridge can be thrown over a street with 
but little interruption to the traffic; but we do not 
think it is wholly because the vestrymen stand out for 
iron, but that they will insist upon the full headway 
under the whole span of over-street bridges, and thus 
there is no choice left to the engineer, who must use 
girders, and girders must be of iron. But if the trafic 
of the Strand can go under the arch of Temple-bar, 
why can it not equally pass under an arched railway 
bridge ? An arch may be made of stone, or even of 
brick, as well as of iron; and in any case it is hand- 
somer than any girder, no matter how boxed up with 
castings, and dotted with escutcheons, and parapetted, 
and painted, and gilded, like the great slab of ginger- 
bread, with its ugly bottom crust, which now roofs 
over Ludgate-hill, And, in this case, there are 
brackets stuck in the corners where the girder 
rests upon the abutments—brackets which, whe- 
ther in respect of constructive principle or of 
taste, have no business there, but which, never- 
theless, lower the headway over the footpaths as 
much as would the haunches of an arch. Yet no 
Chang or Anak complains, nor could he if the curve of 
the middle arch of London-bridge or of Westminster- 
bridge were repeated there. Probably but few of our 
readers have lately visited the route of the new South- 
Eastern line vid Chiselhurst. Those who have, how- 
ever, will have seen some grand arches under the 
higher embankments—some especially near Elmstead- 
lane. Arches like these, with capital (we might almost 
say superb) brickwork, are as much handsomer than 
the plates and castings which span so many of our 
streets in town as St. Paul’s is handsomer than the 
tanks or “ boilers” which contain the treasures of the 
museum at Brompton. Those of which we speak are 
semicircular; but an elliptical curve, or a slightly- 
pointed arch of moderate rise, would meet all the re- 
quirements of town traflic. Something is required to 
give character to parallel girder bridges. The Conway 
tubular bridge has handsome castellated towers over 
each abutment, and these were purposely made to har- 
monise with the old castle, past which the railway 
runs. It is easy to say that the towers are of no use, 
not even for signal-boxes. Yet they have a wonderful 





effect in taking off the heaviness of appearance of the 
great beam beneath and between them. Mr. Baker 
1as followed the same example in his great bridge to 
carry the London and North-Western Railway over 
the Mersey at Runcorn. The Runcorn bridge, besides 
long approaches over the low ground on each side of 
the river, will have three spans of lattice girders each 
300 ft. in width, and the towers carried up over the 
piers, with their battlements and turrets, are designed 
with a fine regard to effect. The North-Western Com- 
pany, we need not say, never stick at a few thousand 
ounds in such matters, and albeit there are share- 
1olders, here and there, to grumble, but few care to 
protest, even when, as in the case of the South-Eastern 
Company, a dividend is applied to the erection of a 
new cross to chére reine Eleanor, the chére reine, or dear 
queen, from whom Charing-cross takes its name. 

It is not the business of engineers to lead their 
clients into extravagance, but engineers must, by this 
time, have seen that, with the vast and increasing 
wealth of the present day, their clients desire some- 
thing in the way of appearance in their works, even if 
a little extra capital be required. And young engi- 
neers, no matter what examples there may be now be- 
fore them, should be fully impressed with the fore- 
knowledge that the time is near when much of our en- 
gineering practice will be reckoned barbarous for its 
ugliness. We say this, because it should form a part 
of the study of every young engineer to design artistic 
works, and with the now well-settled principles of con- 
struction in iron, their strength and correct application 
of material should be matters of course. 








THE NEW HOME OF THE INSTITUTION. 


Success brings with it many obligations, and, 
among these, the most exacting are the dues to re- 
spectability. No profession has ever achieved such 
rapid and great success as our own, and the public 
have come to look upon engineers as being, somehow, 
great magicians. By putting their heads together with 
the lawyers, and the bankers, and the contractors, 
they wield forces which are shaping anew many of the 
forms of our outer lives. Where our fathers had 
built for their children and their children’s children, 
engineers come in, and map out, and pull down, and 
cut through as they like, and none can say them nay. 
They are always at work, dealing with the mightiest 
forces in nature, and with these altering the very face 
of nature itself. 

There are probably many thousands of Londoners 
who, with a great idea of the importance of the engi- 
neering profession, have never known the whereabouts 
of the Institution of Civil Engineers, if, indeed, they 
are aware even of the existence of such a body. Among 
these thousands we should not care to estimate the 
number who, were they taken into Great George- 
street, would express their disappointment on finding 
the representative body of such a great profession as 
ours so meanly housed. Instead of the commodious- 
ness and the surroundings of the College of Physicians 
or the College of Surgeons, or the Hall of the Incor- 
porated Law Society, the house in Great George-street 
is really more in keeping, in its extent and style, with 
a second-class tavern. It would fall far short of the 
requirements of a third-rate club. As a mere place of 
business, a meeting-room for the members, a depository 
of books, and an office for the conduct of the affairs of 
the Institution, it is inconveniently small, and wretchedly 
lighted. All this is pretty generally admitted, and the 
wonder, outside the profession, is how a body which is 
growing so rapidly in numbers, in wealth, and in 
public influence, is content to put up with such a place 
at all. 

We have, in former numbers, stated what is now pro- 
posed with reference to a larger and more fitting house 
for the Institution. Already some thirty members of the 
profession have promised nearly 20,000/. towards an 
estimated total outlay, for the purpose, of 66,0002. ; and 
the — available funds of the Institution amount, 
furthermore, to 20,000/.; so that of the whole sum 
required, nearly two-thirds are already provided for. 
The whole subject will shortly be brought before a 
eps meeting of the members, and we cannot doubt 
that what has already been so well begun by afew will 
be warmly seconded by the many. The larger number 
of the body, we believe, are alive to whatever appeals 
to their professional pride and public spirit. ‘There 
are, at the same time, those who will ask what good 
will accrue to them individualy from a donation of a 
hundred or a thousand guineas (or, for many of the 
members, let us say ten or twenty) for such a purpose. 
As for any immediate result, considered from a purely 
selfish pomt of view, no return whatever is to be ex- 
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pected. But the proposed new building will as cer- 
tainly add to the public importance of the profession ; 
for it will advance its sfatus to some definite and ap- 
preciable extent in the eyes of the many who are ready 
to make a stand for the sake of appearances, and who 
consider that much is due to respectability. If there 
are those who do not quite understand what is meant 
by the sta/us of the profession, let them revert in ima- 
gination to the time when Brindley was paid 3s. 6d. 
per day as the Duke of Bridgewater’s engineer in chief, 
and even to the time when George Stephenson, as the 
engineer to the Liverpool and Manchester Railway, 
was thought well paid by a salary of 10002. per annum. 
The proceedings of the Institution of Civil Engineers 


have done more than many of us can estimate to ad- 


vance the position of all in the profession, and if 


engineers ean see no other object in coming forward 
now in aid of the proposal fora larger and better house, 
they may at least count upon a return in the constantly 


improv ing pt sition of the profession itself. 


CHAIN CABLE TESTING. 


Iv is not long sinee there was no proper test of chain 
cables and anchors in the merchant service. The first 
practical step towards establishing such a test was taken 
hy Lloyds’ committee, who had a large testing-machine 
set up in a proving-house of their own at Poplar, and who 
there tested to the full Admiralty standard all chain 
cables and anchors voluntarily brought to them for the 
pu After this machine bad been worked, Govern- 
ment, the India Board, and the Emigration Commis- 


sioners refused to charter any vessels the ground 
tackle of which had not been thus proved, and the 
effect of this refusal 
Act of Parliament would have been in enforemg the 
same tests. Lloyds’ testing-machine was designed by 
their engineer, Mr. T. M. Gladstone, for testing lengths 
up to 75 fathoms, and to a strain up to 300 tons. We 
had occasion to examine it carefully, about three years 
ago, and we formed the opinion which we have ever 
that it was an excellent machine for the 


was almost as compulsory as an 


since retain dl, 
purpose, 

Mr. Laird, however, some time afterwards carried 
his Chain Cable and Anchor Bill through Parliament, 
and, incidentally, the whole subject of testing, and the 
construction of the machines for the purpose, came to 
he widely discussed in the mechanical newspapers and 
at the Society of Arts. Doubts, in which we never 
shared, were expressed as to the fitness of Lloyds’ 
machine (which was a hydraulic press, the strain being 
measured by an indicating plunger and weighted lever), 
and finally the Board of Trade requested Sir William 
Armstrong, Mr. Fairbairn, Mr. Hawkshaw, Mr. Penn, 
Mr. Hick, and Mr. F. A. Paget to report upon it. Sir 
William was himself a maker of chain eable testing- 
machines, and the one set up by his firm at Birkenhead 
had some time sinee cost 23.000/., and expensive altera- 
tions have been made uponit. This machine, 
like those generally employed, tested in 15 fathom 


since 


lengths, whereas Lloyds’ machine tested up to 75 
fathoms at a stretch, and has cost less than 10,0007. 
Mr. Paget was, we think, the more active member of 
the committee, and he appears to have impressed his 


views upon the other gentlemen ; but however this may 
have been, they agreed to a report, May 31, 1865, 
which virtually amounted to this—that cables should 
he tested only in 15 fathom lengths. We have always 
differed totally from this conclusion, knowing that no 
; son existed for it, although we are fully aware 
On the other 


valid re 
of all the reasons urged in its favour. 


hand, there are a number of the best practical reasons 
why cables should be tested, with their shackles, in 75 
fathom lengths, or even greater lengths. 


We need not say that the majority of the committee 
ki the report are gentlemen whose conscientious- 


MAKING 
ness beyond question; but we are convinced that 
Sir William Armstrong’s position as the maker of 


machines for testing 15 fathom lengths, and that Mr. 





Paget’s mistaken views as to the strains exerted upon 
a chain pulled from one end while hanging in a eate- 
nary curve, had an influence upon the other members 
of the committee, giving as they did a general rather 
thi careful ex nation of the matters before them. 

When v t] the fee of these gentlemen was but 

thir ruineas each, a1 y one, knowing their position in 

the profession, may judge what amount of time they 

could have given to this matter. It is not agreeable 
to en report upon grounds like this, and we 

me 1 it only as a possible explanation of a decision 

which, however it agreed with the commoner practice, | 
was, upon'principle, hardly tenable. 


The Board of Trade required also weighing levers to 
be fitted to Lloyds’ testing-machine, but these were 





only to weigh up to one-fourth of the maximum strain, 
and they made other requirements, which, while they 
have added to the cost of testing, have in no way added 
to the value of the result. 

Lloyd’s committee, some months since, laid the 
whole subject of their testing machinery before Messrs. 
G. P. Bidder, Thomas Hawkesley, and Edwin Clark, 
gentlemen whose impartiality and fitness are beyond 
question. They have, as we know, given the most 
careful attention to the whole subject, and they have 
made a report, which is only published to-day, and 
which is on every point opposed to the special require- 
ments of the Board of ‘I'rade, as made known last 
year, The report sustains the hydraulic test and the 
indication by a loaded plunger instead of compound 
levers and weights. It intimates, moreover, that an 
arrangement which was proposed last year by Mr. Col- 
burn (see Zhe Engineer, June 30) would be “ far less 
costly and more useful ” as a check against irregularities 
of strain than the levers now in use canbe. The “ so- 
called ballistie pendulum” of Sir William Armstrong 
is dismissed as “ practically valueless” as a check, and 
as answering “no useful purpose that would not be 
better fulfilled by the ordinary inexpensive spring 
“ pressure gauge.” The propriety of testing in seventy- 
five fathom lengths is fully supported, and the belief 
is expressed that the conclusions of the former 
committee must have been adopted under “ some 
“‘ misapprehension of the physical conditions in- 

volved” in testing long lengths of cable. The 
report points out that a good deal of personal feeling 
had entered into former correspondence upon the sub- 
ject, and which correspondence no doubt influenced to 
some extent the official regulations last year put in 
foree. It coneludes with the opinion that Lloyds’ 
machine, as designed by Mr. Gladstone, is efficient and 
well designed for its purpose; and it furthermore 
states the conviction of the gentlemen making it that 
credit is due to Mr. Gladstone for the accuracy and 
completeness of his machine, and for the practical 
ability displayed by him in the many ingenious ap- 
pliances which he has introduced into the Poplar 
proving-house. Considering that Messrs. Bidder, 
Hawkesley, and Edwin Clark were reporting in direct 
opposition to the conclusions of so mauy eminent 
engineers, their own conclusions form a more pointed 
vindication of Mr. Gladstone’s professional ability, 
which—not, we are sure, with the sanction of Sir 
William Armstrong, nor of Mr. Fairbairn, nor of Mr. 
Hawkshaw, nor of Mr. Penn, nor of Mr. Hick—has 
so long and so grossly been assailed in a journal which, 
a few months ago, would not admit an opposite view of 
the case—a view nearly identical with that at which 
Messrs. Bidder, Hawkesley, and Clark have arrived. 


THE WEDGING OF GASES. 

In an article on the non-recoil gun, which appears 
on another page (and which was in type and intended 
for our last number), we have advanced a new explana- 
tion of the action of Mr. Harding’s extraordinary gun. 
We have, within the last fortnight, received a very 
considerable number of letters as to the singular 
phenomenon to which we had called attention, but we 
have found nothing in them approaching an explana- 
tion. Further reflection has more than convinced us 
that a mode of action of gaseous particles, hitherto 
overlooked, takes place whenever a charge of gun- 
powder or cotton is fired against an enclosed air space, 
and we have named this action the wedging of gases. 
Professor Tyndall has pointed out how much of the 
mobility of gaseous particles is lost when they are 
forcibly compressed, and the fact is suggestive, and one 
which may be followed up to striking and useful con- 
clusions. 

The usual explanation has been advanced in the pre- 
sent case, that there is not time for the air behind the 
charge to yield before the shot is off. But if an 
ordinary gun barrel be fired with a loose charge of 
powder, the action of the gases of explosion upon the 
air in front of the powder must be as instantaneous as 
where an enclosed air space is employed. Yet with 
the loose charge (without ball) the air does yield, and 
so readily that there is but little strain upon the barrel ; 
and some little work is required to empty a gun barrel 
of air at a velocity of, say, 1600 ft. per second. A bore 
of ,%ths inch, and 40 in. long, contains about 10 cubic 





inehes of air, weighing about 0.00043 lb., and to put 
this into motion with the velocity just mentioned is 
equivalent to lifting it to a height of 40,000 ft., so that 
the work done is about 17 foot-pounds. Now, if a few 
inches in front of the charge a felt wad were inserted, 
so that a steady pressure of perhaps 1 Ib. or 2 Ib. would 
force it out, it would be natural, did we not know to 


the contrary, to suppose that the air in the air space 
would be first compressed to this pressure, and that 
then the wad onal be driven out. When we know 
that without the wad the air yields readily, and is 
driven out by the charge, it seems illogical, and it 
certainly is insufficient, to say that the air has not time 
to yield, merely because a very slight obstruction is 
placed in the way. There is as much time in one case 
as in the other, if, indeed, there be not more time 
taken in bursting a gun with a charge fired against an 
enclosed air space than in merely driving out a loose 
column of air. In the latter case, we are practically 
certain that no great compression of the air takes 
lace, for we have good reason to know that the gun 
yarrel is strained but to a very slight extent; and yet 
we know that the barrel is emptied of its air in a space 
of time which cannot exceed the two-hundredth part of 
a second, if, indeed, the time be so great. 

Now we will here mention another experiment which 

is very suggestive. The United States Ordnance 
Board employ an apparatus intended to show the 
initial pressure generated by the explosion of gun- 
powder in ordnance. We are not about to express 
any opinion as to the trustworthiness of an apparatus 
intended to record, as pressure, a force which is per- 
haps, to a very great extent, one merely of percussion. 
But it seems reasonable to suppose that the effects re- 
corded are in any case in proportion to their causes, 
and it is in this sense that we will adopt the pressures 
set down in the following experiment. It was desired 
to try the effect of compressing gunpowder as pro- 
posed by Messrs. Doremus and Budd (as it was also 
experimented upon subsequently, in England, by the 
late Mr. Douglas Sutherland). The initial explosive 
force of loose gunpowder was generally found to be 
from 42,0001b. to 50,000 lb. per square inch. The 
compressed powder, in cakes, was in the same manner 
found to give an initial pressure in some cases as high 
as 70,000 lb. It was then proposed by Captain Benét 
to make the cakes smaller than the bore of the gun, 
so as to leave an air space around them. It was found 
that, when fired, these charges did not give quite so 
high an initial velocity to the shot, being 1352 ft. per 
second, as compared with 1473 ft. for ordinary powder ; 
but the recorded pressure from the explosion of the 
cakes fired in an air space was but 13,500 1b. per 
square inch, as compared with from 42,000 lb. to 
70,000 lb. where the powder filled the chamber. Now 
the smaller powder cakes did not fill the chamber, and 
yet the pressure could only be taken off to the record- 
ing apparatus from the internal surface of the chamber. 
It cannot be supposed that the shot did not in each 
vase receive a pressure in the proportion of the 
squares of the initial velocity, and thus if a pressure 
of 55,530 1b. per square inch was exerted in producing 
a velocity of 1473 ft. per second, about 46,800 lb. 
would be necessary to give a velocity of 1352 ft. per 
second. Yet the recording apparatus, when in com- 
munication with the charges fired in an air space, only 
received the pressure through the annular cushion of air, 
whereas the ball was home against the end of the 
charge. The apparently lessened pressure from the 
charges fired in an air space was not due to the fact 
of the powder having been compressed ; for when the 
charges filled the bore, it was the compressed powder 
that gave the greatest explosive force. But the air space 
differed from that in Mr. Harding’s gun, inasmuch as 
it surrounded the charge instead of being at one end 
of it. We do not need any experiments by the United 
States Ordnance Board to enable us to state that had 
a cake of compressed powder filling the whole diameter 
of the bore been used, and an air space been left be- 
tween it and the ball, the strain, instead of being dimi- 
nished by the expansion of the gases, would have been 
so much increased as to burst the gun. Messrs. Pren- 
tice and Co,’s gun-cotton cartridges have a central air 
space; but there is all the difference between an air 
space in the centre or around the outside of the charge, 
and another at the end of the charge. 
In the case of the air space, there are two ways of 
considering the action of the powder or cotton within 
it. One would be by supposing the whole column of 
air to be suddenly compressed from the end next the 
powder,-and to acquire momentarily at the opposite 
end the full pressure of the powder gases, or, indeed, a 
greater pressure owing to the suddenness of the appli- 
cation of the foree. But this supposition must be 
wrong, for we know as a fact that a slight obstruction 
in the muzzle of a gun will burst it; but it does not 
burst at the muzzle, which is the weakest part, but at 
the breech, which is the very strongest of all. 

Bearing in mind that, so long as the muzzle of the 
gun is unobstructed, or, in other words, so long as 





there is no confined air space, the air is forced out, 
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practically without strain upon the barrel—and powder 
may be fired out of a paper tube without bursting it— 
bearing this in mind, we say, there cannot be a doubt 
that motion, and therefore pressure, are almost if not 
quite instantaneously communicated from one end of 
the column of air to the other. But where we prevent 
the motion of the particles at the end of the column 
furthest from the charge, by interposing a certain 
obstacle, although not one in itself offering much re- 
sistance, the equilibrium of the particles is sensibly 
disturbed, and those next to the exploding charge will 
be forced between those in front of them, instead of 
carrying these directly forward before them. The 
whole resistance preventing the instant expulsion of 
the air is at the end of the air space furthest from the 
charge, and yet nearly the whole strain momentarily 
accumulated is at the end next the charge, and we 
know from the experiment (if we can call it one) of 
firing a loose charge in an ordinary gun barrel, that 
the mtervening column of air in the air space is cer- 
tainly capable of communicating motion, and therefore 
yressure, with great rapidity. Indeed, sound travels 
in the air at the rate of 1100 ft. per second, proving 
that pressure is propagated at this rate in a perfectly 
elastic medium, 

There is, of course, the action of heat to be con- 
sidered with the wedging action, but we know that 
the heat of the exploding powder does not cause wedg- 
ing when we fire a loose charge from a gun barrel 
freely open to the muzzle. If there were an annular 
air space around the charge, as in Captain Benét’s 
cakes of compressed powder, the wedging of the par- 
ticles of air would not act directly upon the inner sur- 
faces of the chamber, but with an end air space the 
wedging instantly produces its corresponding lateral 
strain directly against the walls of the gun barrel. In 
the explosion of one of Mr. Harding’s guns (he has 
fired several of the same kind, and with hundreds of 
charges in succession) there was no doubt that failure 
commenced at the vent, at the back ofthe charge, and 
against the air space in the rear, The felt wads, al- 
though they are blown into lint, probably receive but 
a comparatively small amount of pressure, since we 
know that steam of 100 lb. would produce the same 
effect ; and we may conclude that it is against a momen- 
tary abutment of wedged particles of air, offering a re- 
sistance equal to that of the shot itself, that the gases 
of explosion act in the discharge. 


BROADSIDES v. MONITORS. 

Wnhertner rightly or wrongly, the English people 
believe themselves masters of the sea, and there is no 
tax which the wealth and the industry of Great Britain 
yields more cheerfully than that which, as we are all 
disposed to believe, secures to us the preponderance 
of naval power. We believe, and we are justified in 
believing, that no other nation possesses the same ad- 
vantages as ourselves in respect of the means of naval 
offence and defence. We believe that, with more 
money and more iron and coal, we have also more skill 
for the fabrication of guns and for the construction of 
ships of war. The Admiralty may call for what it 
likes, and the House of Commons is always ready to 
vote the supplies, so long as the public are satisfied 
that the money is well laid out, and that our naval 
supremacy is maintained intact. 

But there are those, and notably Mr. Bourne, who 
tell us that our ships are built upon a wrong system, 
that our guns are made upon a wrong principle, and 
that, in any future naval war, defeat and destruction 
await us. The Americans, we are told, have worked 
out the most destructive, as it is the most nearly invul- 
nerable, of all ships of war, and we have nothing which 
could stand against it fora moment. The American 
system is that of the Monitor, which has grown up, 
from the craft of that name which so astonished the 
Confederates in 1862, to the Dictator, the Puritan, 
and their sister vessels, all of great size, and armed 
with 15 in. and 20in. guns. Mr. Bourne wishes to 
convince us, by argument, of the superiority of these 
craft, and to this end he has invited a discussion upon 
the whole subject of broadside and monitor ships. 
He has laid out his case ingeniously, and by certain 
assumptions, and by the sheer force of logie, his conclu- 
sions might appear to be well established. He as- 
sumes that there is no limit to the practicable size and 
weight of guns. He then argues that one very heavy 
shot is more effective than a number of smaller shot of 
the same aggregate weight. He then suggests that 
there must be some limit to the size of ships, and, 
having gone so far, it is easy to push home the conclu- 
sions that, for the given ship, a single practicable gun 
tan be made so heavy that but one or two could be 








mounted on board, that the fire of this great gun 
would break through almost anything opposed to it, 
and that the gun itself could be best protected on a 
turret, the hull of the ship, with a shot-proof deck, 
being but a few inches out of the water. Taking all 
this together, the upshot is that the monitors are 
the best of all ships of war. Keeping to the gun of un- 
limited size and weight, Mr. Bourne asks us to confine 
the discussion to ships of definite size and cost, and 
leaves us, we suppose, to fix what this size and cost 
are to be. 

The subject is one of such importance that none can 
refuse to listen to what is said in favour of the monitor 
system; but none who listen will fail to see that it is 
a mere trick of argument to set out with the assump- 
tion of a gun of unlimited size and weight, nor that 
such a gun and a ship of definite size and cost are in- 
commensurable, and cannot be embraced in a single 
proposition. 

All we really know of the limit to the useful size 
and weight of guns is what we know from experience, 
and this points to a limit already reached. The Ame- 
ricans have made guns of larger bore than our own, 
but we have not a particle of evidence as to what their 
20-in. guns have actually done, We know that with 
round shot, and for any given initial velocity, the 
strain upon the breech must increase as the cube of 
the diameter of the bore, and that the strain tending 
to burst the gun open along its length increases as the 
square of the bore. Long experience has taught 
English engineers at least that cast iron is not the 
material best fitted to bear the greatly increased strains 
attending large bores. Our caeaes engineers employ 
far stronger materials, but they do not get on well 
with bores much greater than 9in. or 10in.; and, 
certainly, they have not yet succeeded with 15-in. 
guns, nor has their experience with smaller bores in- 
dicated the probable success of guns of this size. The 
American 15-in. and 20-in guns, cast after a mode 
patented twenty years ago, by the late General (then 
Lieutenant) 'T. J. Rodman, burn cake powder, and 
send their shot out at low velocities. Indeed, we have 
never seen any statements of their practice against 
solid armour pe. Something has been said of the 


20-in. gun firing a 1000-1b. shot with 1401b. of 
powder. It may have been intended to burn 140-Ib, 


charges, but we have never seen a single authenticated 
statement of the use of such charges, nor have we as 
yet any reason to believe that they have been used; 
nor, if they had, have we reason to believe that the 
cast-iron guns could go on firing them with safety. 
We do not believe, because there is no reason to be- 
lieve, that the 20-in. gun would produce any serious 
impression upon the Hercules target. How far the 
shot might shake it, we cannot say; but they could 
not penetrate it. They could not cut a 20-in. hole 
through a 9-in. plate, backed as the plate is in the 
Hercules target. This conclusion we can safely 
adopt from what has already been dove with round 
8-in, shot, fired with 16-lb. charges, knowing, as we 
do, the law of the increase of strength of armour- 
plates with the squares of their thickness, and know- 
ing that the circumference of the opening to be cut 
out by a 20-in, shot is twice and a half as great as that 
for an 8-in. shot, 

But even were we to admit that strong guns of 20 in. 
bore, and firing 1401b. of powder and 1000 lb, shot, 
could be depended upon, we are as far as ever from 
admitting the superiority of the turret system. The 
turret must be as high as the ’tween decks of a broad- 
side ship, and it must be plated at least as thick as a 
beonielie In the American war the monitor turrets 
were hit literally thousands of times. <A 26 ft. turret 
offers a large surface to the enemy’s fire, and for half 
its diameter the average inclination from a plane at 
right angles to the line of fire is but 15°, The turrets 
of the American monitors are very thickly plated, much 
thicker, indeed, than the sides of our heaviest iron- 
clads, and none of these turrets mount more than 
two guns. ‘The average circumference of the tur- 
rets, therefore, with their heavy plating, is 39 ft. for 
each gun. Now this is twice what would be required, 
ner gun, for (say) twenty broadside guns, ten on a side. 
raking the thickness of the turrets as 15 in., and their 
height as 9 ft., the excess of weight thus thrown away in 
194 ft. extra circumference per gun would be 47 tons! 
In other words, 940 tons of 15 in. armour would pro- 
tect twenty broadside guns, while it would cover but 
ten guns in five turrets. One of the worst faults of 
the turrets is their great development of surface and 
weight for the amount of gun room they enclose. Five 
turrets of 24 ft. internal diameter would enclose 2260 
square feet of gun deck, with 400 linear feet of plating. 
The same linear extent of plating on a ship of 40 ft. 





beara, including, of course, the ends of the battery, 
would enclose over 6000 square feet of gun deck. 
Taking the plating in both cases as equal to 16 in. 
thickness of iron, and taking the guns and carriages 
at even the enormous weight of 50 tons each, the total 
weight of guns and plating would be no greater for 
fourteen broadside than for ten turret guns. Mr. 
Bourne will, no doubt, ask us to confine the compari- 
son to turret ships having one or two turrets only, and 
to broadside ships mounting only the same weight of 
guns and armour. But there is no good reason why a 
turret ship should mount but 300 tons of guns and 
armour ; and when we hear it urged that there is no 
limit to the size of guns, we may justly reply that there 
is no known limit to the size of ships, nor to their 
warrantable cost. The size of ships may be increased 
with a certainty as to the result, whereas the size of 
guns cannot be. 

Even admitting the seaworthiness of the larger class 
of monitors, none of them are fast boats, nor do the 
dimensions and engine power of the Puritan and the 
Dictator promise great speed for those vessels. Any 
of our larger and swifter ironclads could keep out of 
their way, or, what would be more likely, overhaul 
them ona chase, and we believe there are ships in our 
navy, and captains in these ships, to run full on and 
over the monitors, breaking their backs as if they were 
turtles, and sinking them with all on board. The 
monitors are necessarily slow of fire, and their turret 
machinery is always more or less liable to injury. The 
broadside ships can carry the very heaviest guns, 
protected by the thickest requisite armour, and for 
every ten or twenty guns so carried on broadsides the 
total weight will be much less than for monitor 
vessels. The broadside vessels, carrying more guns 
for a given weight, can fire more rapidly, and they 
have no machinery subject to injury. The monitors 
have an advantage where the firing is from one side 
only, in which case half of the armament of a 
broadside ship would be lying idle. This point the 
advocates of monitor ships have not dwelt upon, but 
it contains the most that can be said in their favour. 

As for training the guns, — of this is required 
aftera ship has once taken up her position against an 
enemy, whether afloat or ashore, And with twin 
screws and with the training gear now applied to the 
15 in, American broadside guns themselves, as lately 
illustrated in our columns, we are convinced that no 
necessity remains for the adoption of the turret. The 

rinciples which govern the whole comparison of 
Senadatle and turret ships are few and simple, and 
point distinctly to fixed conclusions, but we have not 
as yet seen them properly discussed. 








Fire Enores,—At a fire last week at the East and West 
India Docks, the alarm reached Watling-street by telegraph, and 
in less than twenty minutes afterwards Captain Shaw, the chief 
of the brigade, with a number of men and engines, had arrived 
upon the spot, though about 44 miles distant. Before starting 
he communicated with other fire-stations by telegraph, and 
eventually the floating engine from Southwark-bridge and nine 
steam fire engines were engaged in extinguishing the fire. Two 
floating engines belonging to the dock company were afterwards 
brought into play, The warehouse, age paves was close to 
the large import dock, which has an area of nearly 50 acres, and 
before long, when all the engines and other appliances had been 
set to work, there being an unlimited supply of water, about 
5300 gallons, or nearly 24 tons a minute, were continually thrown 
upon the burning building and materials, The fire was at last 
got under, 

Tue Utster CANAL.—A vote of £0001. for the completion 
of the Ulster Canal was agreed to in the House of Commons on 
Monday week, 

CLEVELAND IRon.—So rapidly has the demand for coke and 
coal increased throughout this district in consequence of the 
number of additional new furnaces that have been brought into 
operation, all of which are on a much larger scale than those of 
more early date, that it has become a question of no small con- 
sideration with most of the makers of pig iron to enlarge their 
old ones as they become blown out, and it is necessary to put 
them under repairs. Instead of having them at heights varying 
frym 40 to 50 ft. or 55 ft., with a diameter of little more than 
16 ft., they are now built from 80 to over 100 ft, in height, with 
a diameter of from 20 ft. to nearly 23 ft. By this plan the 
make of pig iron is greatly increased, with a proportionately 
small addition of coke required as compared with those on a 
smaller scale. Messrs. Jones, Dunning, and Co., Normanby 
Ironworks, Cargo Fleet, are now altering one of their furnaces 
to the gas principle; and Messrs. Cochrane and Co., we hear, 
are about to erect one more on a large scale,—Darlington 
Times. 

OBLIQUE Betrs.—It sometimes happens that it is necessar 
to lead a belt obliquely from a pulley or flywheel, and in pen’ | 
cases much trouble is frequently caused by the strap slipping off. 
This can, in very many instances, be prevented by fastening a 
strip of thick leather, of a Jess width than the belt, around the 
centre of the rim of the flywheel or pulley. The leather strip may 
be secured by counter sunk copper screws passing through it, 
and tapped into the rim of the wheel. 

Raiway Bripces.—The span of the bridge which lately 
fell at Sutton, killing six men, was 88 ft. A verdict of acci- 
dental death has been found by the coroner’s jury 
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Born in its general arrange- 
ment and in the details of its 
construction, the American 
locomotive of which we give 
a longitudinal section and plan 
on page 308, and transverse 
sections and end elevations on 
the present page, will present 
many points of novelty to our 
readers, The engine is one of 
a number of freight engines 
designed and built for the Erie 
Railway (a line laid to a 6 ft. 
gauge) by Messrs. Danforth, 
Cooke and Co., of Paterson, 
New Jersey, U.S., and is ex- 
pressly arranged for using an- 
thracite fuel. The first of these 
engines were planned and con- 
structed in December, 1862, 
and after ten of them had been 
in use on the Erie line for one 
year, ten more were ordered, 
and Messrs. Danforth, Cooke 
and Co, were requested to 
furnish drawings of them to 
the Jersey City Locomotive 
Works, so that some engines 
which had been ordered for the 
Erie Railroad from the last 
mentioned makers might be 
built upon the same plan. One 
of the main features of the 
engine is the boiler, which is of 
the form known in the States 





AMERICAN LOCOMOTIVES. 


(See also Page 308.) 
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as the “ Millholiand boiler,” it 
having been introduced by Mr. 
James Millholland upon the 
Philadelphia and Reading Rail- 
road, of which he is the loco- 
motive superintendent. An- 
thracite hus been used in the 
engines on the Philadelphia and 
Reading line since 1847, and 
in a report made by Mr. Mill- 
holland in 1859 to Mr. R. D. Cullen (who was at that time the 
president of the line), he gave much information us to the best 
arrangements for burning that fuel. The four first large engines 
constructed for burning anthracite on the Philadelphia and Read- 
ing Railroad were built by Mr. Ross Winans, and placed on the line 
in 1847. They had fireboxes 6 ft. 3 in. long by 2 ft. 10%n. wide, 
the grate area being thus 17.68 square feet ; but, notwithstand- 
ing this large grate area, they did not steam freely, and had to 
be worked with a small blast nozzle. Other engines built by 
Mr. Winans for the same line in 1850 and 1851 had a grate area 
of a little over 18 {t.; these also were short of steam, but were 
better in this respect than those previously supplied, whilst in 
some engines constructed by Mr. Winans at a still later date, 
the firegrates were made 7 ft. long by 3 ft. 6 in. wide, giving a 
grate area of 24.5 square feet. These last engines were found 
to perform very satistactorily, and it seems to be well established 
that a very large grate area is absolutely essential to the success 
ot an engine using anthracite fuel. At one time much trouble was 
experienced with the firebars of the anthracite-burning engines, 
it being found necessary to use an inferior kind of coal in order 
to prevent the cast-iron bars from melting. This inferior coal 
produced a large quantity of ashes and cinder, and the latter 
forming on the gratebars protected them from the immediate 
action of the fire. In cleaning the fires, the firemen had to exer- 
cise considerable care, so that they should not remove too much 
of this cinder, and thus bring the hot coals directly upon the 
bars, and cause the latter to be melted. To avoid the incon- 
venience thus caused, Mr, Millholland introduced a grate formed 
of tubes extending from the front to the back water-space of the 
firebox. The water flowing through these tubes keeps them 
comparatively cool, and the best anthracite can thus be burned 
upon them without causing a failure. Experience has shown 
also that with the water-grates a much thinner fire can be used, 
and the engines fitted with them can therefore be run with larger 
blast nozzles than when the cast-iron bars were employed. In this 
country grates formed of water-tubes have been several times 
proposed, but they never came into extensive use. In August, 
a boiler composed entirely of water-tubes was patented by 
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water-grate {was also reeng in 1839, by F. C. Worsley, and 
another in 1840, by Edwin Turner, of Leeds. Mr. ‘Turner 
pumped the water through a tubular grate. In 1858-9 also, 
many experiments were made on the Great Eastern, then the 
Eastern Counties Railway, with a firegrate invented and patented 
by Mr. Daniel Evans. In this grate the water surrounded the 
tubes, which passed through a casing about 6 in. deep fixed at 
the bottom of the firebox in the place of the ordinary grate. This 
casing was hinged at one end, so that could be readily lowered 
when it was required to drop the fire, and it was connected with 
the tender tank by two pipes, the one carrying off the heated 
water, and the other conveying a fresh supply of cold water to 
replace it. The difficulty experienced in keeping this grate tight 
caused it to be eventually abandoned on the Eastern Counties 
line, but we believe that it has since been applied to some 
stationary boilers with some success, i; having been in these 
latter cases arranged so as to form part of the boilers them- 
selves. 

In the course of the report to which we have already referred, 
Mr. Millholland gives some valuable information about the re- 
spective durability of iron and copper fire-boxes, as — to 
engines burning anthracite fuel. The fire-boxes of the Winans’s 
engines were open at the hind end, or rather they were merely 
closed by doors, there being no back water-space ; and in these 
engines the vertical side-plates of the fire-boxes, which were of 
copper, fin. thick, were found to last only about eighteen 
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months, or about 25,400 miles. Iron plates, similarly applied, | being horizontal; the ports are 16in.-long, the steam ports 
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were found to crack vertically, and to last a still shorter time, 
This result was no doubt due to the defective circulation, and to 
the vertical position of the plates, which allowed the steam 
generated to remain in contact with the plates, thus preventing 
the access of the water and causing the plates to become over- 
heated. To remedy this defect, Mr. Millholland partly closed 
the back of the fire-box by water spaces extending to about one- 
fourth its width on each side, and this was found to be an im- 
provement, the side-plates lasting about 29,400 miles. Even- 
tually, the back of the fire-box was entirely closed by a water 
space, as in ordinary engines, and the water-grate, of which we 
have already spoken, was applied: under these circumstances, 
the copper side plates were found to last upwards of 39,200 miles, 
In other engines the fire-boxes were made of iron, with he sides 
considerably inclined inwards; this arrangement was found to 
give the best results, the plates lasting nearly 60,000 miles, and 
then being little worn, renewal being rendered necessary only 
from the blistering of the iron and the cracking around the stay- 
bolts. ‘These last engines had combustion chambers extending 
from 1 ft. 6in. to 3 ft. into the cylindrical part of the boiler. 
The mileages which we have just mentioned as having been 
obtained from the fire-boxes of engines using anthracite coal 
appear very small when compared with those obtained from the 
copper fire-boxes of English engines. In this country we have 
known a — box, made of } in. plate, to run 270,000 miles, 
the fuel used having been partly coke and partly coal. This, 
however, is rather an exce Sonal ene; but 160,000 miles may 
be taken us an ordinary mileage. 

To return, however, to the engine which forms the especial 
object of the present notice, it will be seen by the engravings 
that it isan eight-wheeled engine; three pairs of wheels being 
coupled, whilst the other pair is connected with a Bissell’s truck 
placed at the leading end of the engine. The coupled wheels are 
4 ft. 7} in. in diameter, and are cast-iron hollow-spoked wheels 
fitted with Krupp’s steel tyres. The truck wheels are cast-iron 
disc wheels 2 ft. 6 in. diameter, and are also fitted with Krupp’s 
steel tyres. The distance between the centre of the truck 
wheels and the leading pair of coupled wheels is 8 ft., that 
between the leading and centre pairs of coupled wheels is 6 ft. 
6in., and that between the centre and trailing pair of coupled 
wheels also 6 ft. 6in., making the total wheel base 21 ft. 
The axles of the coupled wheels are 6 in. in diameter for the 
main part of their length, this diameter being slightly increased 
at the journals; the journals of the truck axle are 5 in. in dia- 
meter. All the springs, both those belonging to the coupled 
axles and those of the truck, are arranged above the axle-boxes, 
and the links coupling them to the frames are arranged to pull 
against auxiliary springs formed of india-rubber rmgs. The 
springs of the coupled wheels are connected by compensating 
beams, the beams between the springs of the leading and cen- 
tral coupled wheels being inclined, in order to clear the weighbar. 
The springs are made, as will be seen by the illustrations, with 
@ reverse curve at each end, a form which is now but seldom 
used in this country. Al] the axle-box guides belonging to the 
coupled wheels are furnished with wedges and adjusting screws. 

The cylinders, which are horizontal, are 18 in. in diameter, 
with 22 in. stroke, and are placed at a distance apart trans- 
versely from centre to centre of 7 ft. 9in., the engine being, as 
we stated at the commencement of this notice, made for a6 ft. 
gauge. The cylinders are securely fastened to the frames, to 
the bottom of the smokebox, and to a strong casting or saddle 
extending from one cylinder to the other, and also connected with 
the bottom of the smokebox. The whole arrangement is shown 
in the half tranverse section through the smokebox. The 
steam chests are placed above the cylinders, the valve faces 








| being 1} in., the exhaust ports 231n., and the bars 1in. 


wide. 
The steam pipes leading from the boiler are of cast iron for part 
of their length, and are 4} in. in diameter; they are connected 
with flanges formed on the inner sides of the cylinders, the 
steam being led into the steam chests through ports opening 
in front of the valve-faces, as shown in the plan. The ex- 
iaust pipes are of cast iron, and are arranged as shown in 
the transverse section through the smokebox, there being a 
separate blast nozzle for each cylinder. The cylinders are 
made with loose covers at each end, those at the trailing end 
supporting one end of the guide bars, of which there is but one 
to each cylinder. These guide bars are placed above the piston 
rods, and are embraced on all sides by the crossheads, the latter 
being provided with fitting pieces above and below the bars, in 
order that looseness caused by wear may be readily adjusted. 
These single guide bars have generally been found to be objec- 
tionable, but as fitted to these engines they are said to wear well. 
The connecting rods, which are about 7 ft. 4 in. long from centre 
to centre, are coupled to the crank pins of the central pair of 
coupled wheels outside the coupling rods, the crank-pin bearing 
being 4 in. long and 4in. in diameter. The coupling-rod bear- 
ings on the ind of the middle pair of coupled wheels are 
44 in. diameter and 3 in. long, the corresponding bearings on the 
crank pins of the other coupled wheels being 3 in. long by 24 in. 
in diameter. Both the connecting and coupling rods are made 
with strap ends, as is very commonly the case in American 
engines. The valve motion is of the shifting-link kind, and its 
general arrangement is shown in the longitudinal and plan. 
From these views it will be seen that each valve spinale is 
connected by a long link with the upper arm of a rocking shaft, 
another arm on this shaft carrying the block of the correspond- 
ing expansion link. No counterweight is applied to the weigh- 
bar, the weight of the links, eccentric rods, &c., being counter- 
acted by the thrust of a pair of springs, one end of each of 
which is attached to a fixed point in the engine frame, and the 
other to a short arm on the weighbar. These springs, which are 
shown in our engravings, are buckled as the links are lowered. 
The eccentric straps are of cast iron. 

The frames of the engine differs greatly from the plate frames 
generally used in this country. They each consist of a bar 4in. 
wide, and 4in. to 24in. deep, running the whole length of the 
engine, and having the axle-box guides forged in one piece 
with it, as shown in the longitudinal section. The lower ends 
of these are also welded to similar but lighter bars, which connect 
them with each other and with the cylinders. The frames are 
connected with each other by the buffer beams, by the cross 
stays to which the Bissell’s truck is secured, by the saddle 
between the cylinders, and by two transverse stays placed 
between the leading and central pairs of driving wheels. 
One of the two stays last mentioned, that nearest the 
leading end of the engine, is carried out beyond the frames, 
and supports the hind end of the guide bars. The 
frames are also stiffened to some extent by the boiler 
brackets which will be mentioned presently. The lead- 
ing buffer beam is of wood, and in front of it is fixed 
the “cow-catcher” and coupling-bar, generally used in 
American engines. As we have already stated, the leading end 
of the engine is carried upon a two-wheeled Bissell’s truck. The 
radius bar of this truck is 7 ft. 03 in. long between centres, and 
its hind end is held by a pin pa through it and a (ross 
stay secured to the lower bars of the frames just in front of the 
axle-box guides of the leading pair of coupled wheels. The 
arrangement of the frame of the truck will be clearly seen from 
the longitudinal and part transverse sections through it; and 
it will be noticed that, instead of the weight of the leading end 








of the engine being carried upon inclines fixed to the truck frame, 
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as is usually the case, it is supported by links coupled to a cast- 
iron swing beam, similar to that patented in May, 1841, by 
Messrs. Davenport and Bridges, and long used upon American 
railway-carriages. Messrs. Danforth, Cooke, and Co. were the 
first makers who applied the swing beam to locomotives, it 
having been done by hom for Messrs. Smith and Bridges; it is 
said to answer well. The swing beam of the engine we are de. 
scribing has an annular recess formed on its upper side, this 
receiving a tubular boss projecting from the under side of the cast- 


iron cross stay extending from one frame to the other in front of 


the smoke-box, which cross-stay transmits the weight of the 
leading end of the engine to the truck. The substitution of a 
swing beam for the inclines of the Bissell’s truck was, within 
our own knowledge, proposed in this country soon after that 
form of truck had been introduced here, but we are not aware of 
any cases in which the plan has been carried out. In America the 
four-wheeled Bissell’s truck has been applied to a considerable 
extent, but the two-wheeled truck has been little used. In this 
country the engines on the Metropolitan Railway are fitted with 
3issell’s four-wheeled truck, and twenty-one engines with the 
two-wheeled truck are running on the Great Eastern line. Both 
the classes of engines to which we have just referred have been 
recently described in this journal. 

As we have already stated, the boiler is one of the principal 

peculiarities of the engine; its general shape and the arrange- 
ment of the firebox will be seen from the longitudinal section. 
The barrel is about 3 ft. 10 in. in diameter at the smokebox end, 
and enlarges, as it approaches the fire-box, into an oval form, its 
vertical diameter, at its junction with the fire-box casing, being 
4ft. 8in. The firebox casing is very peculiarly shaped, its total 
height decreasing from 6 ft. 2 in. at the leading, to 3 ft. 10 in. at 
the trailing end. This decrease in height is produced partly by 
the inclination of the roof and partly by that of the bottom of 
-the casing, as shown in the section. ‘The front plate of the 
casing is flanged forward to meet the barrel plates, and back- 
ward to join the side plates, and the back plate, which is inclined, 
is flanged forward to join the side and crown plates. The 
width of the firebox casing is 4ft. 6in. outside. The tube 
plate at the smokebox end is flanged forward, and placed within 
the barrel, as is very frequently done in English engines. The 
general shape of the fire-box, which is of iron, corresponds to 
that of the fire-box casing, except that the crown is less in- 
clined, and that, in cross-section, the roof varies from a semi- 
cylindrical form at the trailing toa flat form at the leading end. 
The front plate of the fire-box is set forward, so that the tube 
plate (which is a separate piece) is brought slightly within the 
barrel of the boiler, and the ends of the tubes are thus somewhat 
protected from the intense heat of the burning anthracite. The 
fire-box is stayed to the fire-box casing on all sides, including 
the crown, by screwed iron stays placed at about 5 in. centres: 
it will be seen that the roof stays ordinarily used are thus ren- 
dered unnecessary. The fire-hole is somewhat large, being 
about 12in. by Lit. 9in.: it is provided with a cast-iron double 
door, the outer plates of this door being furnished with two 
openings, closed by slides, for the admission of air, and the inner 
plate being perforated with a large number of small holes for its 
distribution. The fire-grate is formed of sixteen water-tubes, 
and five other tubes which do not contain water. The arrange- 
ment of the tubes is shown in the longitudinal section and in the 
back elevation, from which it will be seen that they form a sort of 
zigzag across the firebox, the lower points of the zigzag being 
formed by the tubes which do not contain water. These last-men- 
tioned tubes are inserted through other short tubes, which pass 
through the back water space of the firebox, and their projecting 
ends are furnished with eyes, by means of which they can be 
readily withdrawn when it is necessary toclear the fire. The 
water tubes communicate with the front and back water spaces 
of the firebox, and a plug is inserted in the back plate of the 
firebox casing opposite each of them, so that a rod can be intro- 
duced to clean them. The boiler contains 175 tubes, 2 in. in 
diameter and 11 ft. long, giving a heating surface of 1157.6 
square feet. The tubes are of iron, and the ends which enter 
the firebox tubeplate are surrounded by ferrules of copper. 
The firebox surface is about 97 square feet, making the total 
heating surface about 1255 square feet. The tubeplate at 
the smokebox end is stayed by means of inclined rods extend- 
ing from it to the second ring of the barrel. The form 
of the ash-pan is shown in the longitudinal section ; it is fur- 
nished with cast-iron doors at the bottom for dropping the 
ashes, and with a damper at the front end. 

On the top of the barrel of the boiler are placed two steam 
domes, each 22in. in diameter, 3 ft. 6 in. high, and furnished 
with covers of cast iron. ‘The foremost of these domes contains 
the regulator, which is an equilibrium valve raised by the ar- 
rangement of links and levers shown in the longitudinal and trans- 
verse sections, which also show the joints used for uniting the 
various parts of the regulator and steam pipes. A pipe extends 
from the lower opening of the regulator valve to the other dome. 
There are three safety-valves, the one placed on the front dome 
being kept down by elliptical springs directly applied to it, and 
the other two, which are placed on the top of the hind dome, 
being fitted with a peculiar arrangement of levers and springs. 
The end of the ordinary lever over each valve is connected by a 
link with the end of a second lever, the other end of which bears 
against a fulcrum, supported by a bracket on the top of the tire- 
box casing. A knife edge attached to the underside of one end 
of a plate-spring bears upon an intermediate point in this lever, 
and the other end of the spring is fitted with an arrangement, by 
means of which the pressure on the valve can be relieved: this 
is shown in the longitudinal section, A large whistle is also 
fixed upon the top of the hind dome, as shown in the engrav- 
ings. ‘The shape of the smokebox is shown by the longitudinal 
section, and haif-front elevation; the front is of cast iron, and 
is furnished with a cast-iron door, and the back is formed by a 
plate extending from the barrel of the boiler to the bottom plate. 
The bottom plate is secured to the cast-iron saddle between the 
cylinders, as already mentioned. As shown in the longitudinal 
section, the smokebox coutains a “ petticoat pipe” to equalise 
the draft from the tubes, the blast nozzles being placed just 
within the lower end of this pipe. The chimney is of the conical 
form, introduced into this country by Mr. Sinclair some years 
ago; its application to American locomotives is, we believe, new. 
The chimney is surrounded by a “spark-catcher,” the arrange- 








ment of which is shown in the longitudinal section. The boiler is 
supported by the back plate of the smokebox, by two brackets on 
each side extending from the barrel to the top bar of the frame, 
and by angle-irons fixed to the sides of the firebox casing, and 
sliding on the top of the frame bars, to which they are attached 
by bolts passing through oval holes, A bent plate is also 
attached to the underside of the barrel, and to one of the 
tranverse frame stays between the leading and central pairs of 
coupled wheels. 

The boiler is fed by one injector and one pump; the latter is 
of the long-stroke class, and is worked from the right-hand 
crosshead, as shown in the plan. It is fitted with an air-vessel 
on the delivery side. The injector is placed in an inclined posi- 
tion on the left-hand side of the firebox casing, and both it and 
the ~~ deliver the water into the boiler through clack boxes 
fixed on the centre line of the barrel, at about one-third of its 
length from the smokebox end. On the top of the barrel of the 
boiler is placed a large sand-box, furnished with pipes leading 
to each rail. The ends of these pipes, within the sand-box, are 
furnished with valves, which can be raised by levers connected 
by a rod with a handle on the footplate: the arrangement is similar 
to that used here, on the North London Railway. The sand-box 
is surmounted by a bracket supporting a large bell, one of the 
regular fittings of American locomotives. The footplate of the 
engine is protected from the weather by a large “cab,” furnished 
with windows at the front and sides; platforms extend from it 
along each side of the engine. The dons of engines of which 
the one we have been describing is an example are found to 
steam freely, and do their work well. They require, however, 
careful management, as if the water is allowed to get low, the 
intense heat given out by a large anthracite fire will soon cause 
great mischief. We are indebted to Mr. John Cooke, of the 
firm of Danforth, Cooke and Co., for the drawings from which 
our illustrations were prepared, 








TWEDDELL’S TUBE-FIXER. 

Mucu trouble and annoyance is frequently caused by the 
leakage of the tubes of tubular boilers, nd generally aris- 
ing from the tubes having been improperly secured in the tube- 
plates in the first instance, although in some cases it may occur 
from other causes. Tubes are generally tightened in the tube- 
plates either by tapered drifts or mandrils temporarily driven 
into them, or by the insertion of ferrules, which are allowed to 
remain permanently in the tubes. Amongst the mandrils some- 
times employed for tightening the ends of the tubes, are those 
known as expanding mandrils, these consisting of a number of 
segments which are capable of being forced apart radially by the 
insertion of a tapered or wedge-shaped centre piece. Some of 
these expanding mandrils are made with a sort of raised collar 
around that part of them which comes just within the tubeplate, 
this collar when the mandril is expanded forming a corresponding 
collar or bulged portion in the tube in which it is inserted. 
With the exception of those cases in which a screw is employed 
to draw up the wedge of an expanding mandril, the tightening 
of the tubes in the tubeplate, chew means of a drift or by 
ferrules, has generally to .be effected by hammering, and ham- 
mering has also to be employed to rivet over the ends of the 
tubes. This hammering tends greatly to harden and erystallise 
the ends of the tubes to which it is applied, and, unless skilled 
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labour is employed, the ends of the tube are thus not un- 
frequently split; in many cases, also, the tubes are so placed 
that it is difficult for a man to get at them to hammer them 
over properly. ‘To avoid the crystallising action which we have 
mentioned, the tool of which we give an illustration has been 
designed. It is the invention of Mr. Ralph H. Tweddell, of New- 
castle, and consists of an arrangement whereby a segmental 
mandril placed within the tube to be tightened is expanded by 
the application of hydraulic pressure. 

In Fig. 1 we give a longitudinal section of the apparatus as 
applied toatube. Fig. 2 is a transverse section of it, whilst 
Fig. 8 shows a modification in which the ordinary segmental 
mandril is replaced by an expanding tool for cutting off the ends 
of the tubes. As will be seen, the apparatus consists of a man- 
dril of such a shape externally that, when it is expanded, it 
slightly bulges the tube just within the tubeplate, and also 
turns over the end against the outside of the tubeplate in the 
same manner as is generally done by hammering. The man- 
dril is formed in six segments, which are held together by means 
of a couple of india rubber or steel spring rings placed around 
them in recesses made to receive them, as shown in Fig. 1. The 
segments of the mandril are forced apart radially by a central 
hexagonal wedge shown in section in Fig. 2; this wedge being 
screwed into the end of a piston rod connected with a piston 
working in a small hydraulic cylinder. In our engraving the 
piston is shown packed by cupped leathers on both sides, so that 
by admitting water,under pressure to either the one or the 
other end of the cylinder, the piston can be forced towards the 
tubeplate or withdrawn from it. In some cases, however, it is 
more convenient to use the water pressure only for withdrawing 








the piston and expanding the mandril, the cylinder being in such 
cases either left open at the outer end, so that the piston can be 
driven inwards and the mandril released by a blow from a ham- 
mer, or the cover being furnished with a screw passing through 
it by means of which the piston can be forced back. ‘The piston 
rod is packed by a cngped, leather placed around it at the bot- 
tom of the cylinder, as shown in Fig. 1, and the cylinder is fur- 
nished at each end with passages for the admission and re- 
lease of water. When the water is admitted to the inner end of 
the cylinder, it of course forces the piston outwards in the direc- 
tion of the arrow in Fig. 1, drawing with it the hexagonal wedge, 
expanding the mandril, and tightening the tube in the tube- 
plate; the enlarged part of the cylinder at the same time bear- 
ing upon the tubeplate around the tube. When the water is 
admitted to the outer end of the cylinder, on the contrary, it 
forces the piston inwards and releases the mandril, the cylinder 
being prevented from being one from the tubeplate by the collar 
formed on the outer end of the mandril, which fits into a recess 
in the enlarged parts of the cylinder, as shown in Fig.1. For 
cutting off the ends of the tubes, the mandril shown in Fig. 1 is 
replaced by one having cutting edges formed around it, as shown 
in Fig. 3. In that figure the cutting tool is represented as in 
use for cutting off the projecting end of the tube, but it may 
also be employed for removing old tubes by cutting them through 
just within the tubeplate. Altogether the tool which we have 
described is very neatly arranged, and we have little doubt but 
that it will prove useful. 








THE ANNUAL DINNER OF THE INSTITU- 
TION OF CIVIL ENGINEERS. 

Tue President and Council of the Institution of Civil Engi- 
neers had the honour of entertaining the Prince of Wales, 
Prince Alfred, and a very distinguished compary of noblemen 
and gentlemen at dinner in Willis’s Rooms, ing cteett, St. 
James’s, on Wednesday evening. Mr. Fowler, President of the 
Institution, presided. On his right was the Prince of Wales, 
and on his left Prince Alfred. Prince Teck was also present, as 
were also the Duke of Buccleugh, Earl Spencer, Sir John Bur- 
goyne, the Earl of Caithness, Lord Colville, the Hon. W. 
Cowper, First Commissioner of Works, Earl Grey, Lord 
Richard Grosvenor, Sir Henry Holland, General Knollys, 
Major Teesdale, Lord Llanover, Sir Edwin Landseer, the Right 
Hon. R. Lowe, M.P., Baron Marochetti, Professor Owen, the 
Presidents of the Royal Society and of the Royal Institute of 
British Architects, Lord Oxmantown, Lord Alfred Paget, Sir 
John Pakington, Lord Redesdale, the Marquis of Salisbury, 
Lord Stanley, M.P., Lord Stanley of Alderley, the Duke of 
Sutherland, Earl Vane, &c. ‘The members and associates of the 
Institution present numbered nearly 200, and included most of 
the leading members of the profession, and we give herewith a 
complete list of all who were present. 

Visitors :—H.R.H. Prince Alfred, K.G.; H.H. Prince Teck, 
the Marquess of Salisbury, K.G.; the Earl of Caithness, Earl 
Spencer, Earl Grey, Earl Vane, Lord Stanley, M.P., Lord 
Oxmantown, Lord Colville, Lord Redesdale, Lord Stanley of 
Alderley, Lord Llanover, the Hon. E. Yorke, the Rt. Hon. W. F. 
Cowper, M.P., the Rt. Hon. Robert Lowe, M.P., Sir Henry Hol- 
land, Bart., General Sabine, General Knollys, Baron Marochetti, 
Mr. Beresford-Hope, M.P., Colonel Erskine, Major Teesdale, 
Professor Owen, Dr. Watson. 

Honorary Members :—H.R.H. the Prince of Wales, K.G. ; the 
Duke of Buccleuch, K.G.; the Duke of Sutherland, K.G. ; 
General Sir John Burgoyne, Bart.; the Rev. Professor Willis, 
Dr. Roget. 

Members :—Mr. J. Abernethy, Sir W. G. Armstrong, C.B., 
Messrs. W. Atkinson, J. D. Baldry, W. H. Barlow, F. Barry, A. 
Bassett, N. Beardmore, A. Beattie, G. Berkley, G. P. Bidder, J. 
F. Blair, J. Braithwaite, F. J. Bramwell, R. P. Brereton, G. B. 
Bruce, J. Brunlees, C. E. Cawley, G. Clarke, Z. Colburn, H. 
Conybeare, J. Coode, E. A. Cowper, T. R. Crampton, J. Cubitt, 
J. N. Douglass, J. Easton, jun., W. Eckersley, W. Fairbairn, T. 
H. Falkiner, J. Field, F. Fowler, J. Fowler, A. Giles, J. Grant, 
R. W. Graham, C. H. Gregory, T. E. Harrison, R. Hassard, J. 
Hawkshaw, T. Hawkesley, G.W. Hemans, J. M. Heppel, R. 
Hodgson, E. Humphrys, E. A. Jeffreys, T. Marr Johnson, 
Hodgson Jones, W. J. Kingsbury, W. R. Kinipple, T. N. Kirk- 
ham, W. B. Lewis, A. G. Linn, A. Mackintosh, C. Manby, H. 
Maudslay, J. Matthew, R. C. May, J. Mitchell, R. Morrison, J. 
Murray, F. Murton, R. S. Norris, A. S. Ormsby, R. Peacock, J. 
Penn, W. Purdon, J. Ramsbottom, J. R. Ravenhill, R. Rawlin- 
son, C.B., J. B. Redman, Sir John Rennie, Messrs, H. Robert- 
son, N. Robson, J. Scott Russell, J. D’A. Samuda, M.P., J. 
Samuel, F. W. Sheilds, T. Stevenson, J. Strapp, G. Turnbull, 
F. T. Turner, A. Upward, C. Vignoles, H. Voss, R. J. Ward, J. 
Whitworth, R. Price Williams, E. Wilson, and W. Wilson. 

Associates :—Messrs. P. Adie, C. C. — J. A. Agnew, J. 
Aird, jun., C. J. Appleby, R. R. Arntz, J. Ashbury, C. De 
Bergue, H. Bessemer, E. L. Betts, G. Bidder, jute H. H. Bigg, 
S. P. Boulton, J. Boyd, T. Brassey, R. Broad, R. H. Burnett, 
H. P. Burt, J. Clutton, Colonel Collyer, R.E., Messrs. G. H. 
Cottam, H. C. Coulthard, W. G. Cox, J. Davis, C. W. Eborall, 
R. Elliot, L. S. Fletcher, J. S. Forbes, J. Forrest, J. Grierson, 
Lord Richard Grosvenor, M.P., Messrs. W. V. Harcourt, Q.C., 
J. §. Hargrove, C. E. Hollingsworth, G. W. Horn, H. A. Hunt, 
Rk. W. Jackson, J. James, J. Jay, Colonel Jervois, R.E., C.B., 
Messrs. J. Kelk, M.P., G. Knight, T. Lambert, J. H. Lloyd, C. 
Loéwinger, C. 'T. Lucas, T. Lucas, W. H. Lucas, F. T. Mappin, 
J. M'Clean, W. W. Moore, J. Pickering, I’. Ransome, T. D. 
Ridley, T. A. Rochussen, A. Saunders, Colonel Simmonds, R.E., 
C.B., Messrs. F. P. Smith, E. R. Turner, J. Vaughan, F. W. 
Webb, G. F. White, R. O. White, J. Wilson, T. H. Wyatt, and 
J. O. York. 

The dinner was served in very elegant style, and the tables 
were ornamented with the best pieces of the celebrated Demidoff 
gold service. These were lent for the occasion by Messrs. C. F. 
Hancock. 

The cloth having been removed, and grace said, 

The Chairman proposed ‘*The Health of her Most Gracious 
Majesty,”’ which was received with all the honours. 

The chairman then rose and said: My Lords and gentleman, 
the next toast upon our list is “The Health of their Royal 
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Highnesses the Prince and Princess ot Wales.” (Cheers.) 
You are all doubtless aware that his Royal Highness the Prince 
of Wales is now an honorary member of our I[astitution, and, 
therefore, he is present with us to-night in the welcome position 
of one of ourselves. (Renewed cheers.) Notwithstanding the 
numerous duties of his exalted station his Royal Highness has 
always taken the greatest interest in those works which occupy 
the thoughts and lives of engineers, and therefore it is a source 
of peculiar gratification to the profession that his Royal Highness 
has been anew to join the Institution of Civil Engineers, which 
had the honour to rank as its most distinguished honorary 
member his Royal Highness the Prince Consort. (Hear.) 
With regard to the Princess of Wales, 1 know I shall speak the 
sentiments of every Englishman when [ say that her first ap- 
pearance in this great metropolis inspired the nation with a 
sentiment of enthusiastic loyalty and of personal sympathy, 
which a riper experience of her domestic virtues and graceful 
charms has year by year deepened and extended. I have great 
gleasure in proposing “The Prince and Princess of Wales.” 
FLoud cheers.) 

The Prince of Wales, in returning thanks, said: Mr. President, 
your Royal Highness, my Lords and Gentlemen, I have indeed 
every reason to feel deeply flattered and gratified at the very 
kind manner in which you, Mr. President, have roposed this 
toast, and for the way in which it has been masheel by the com- 
pany present. (Cheers.) Under any circumstances, it would 
have afforded me sincere pleasure to have been present this 
evening—present at a meeting of so distinguished a body as the 
Civil Engineers of Great Britain (Hear, hear); but it is still 
more agreeable to me to find myself here in the position of one 
of your honorary members. (Cheers.) I thank you for the 
manner in which you have mentioned my name regarding me 
as one of yourselves. I feel proud to think that my lamented 
father was also an honorary member of this distinguished Insti- 
tution. (Cheers.) Mr. President and gentlemen, perhaps it is 
a difficult task for me to address so eminently scientific a body, 
more especially to eulogise them; but I cannot forbear ad- 
verting to the names of two most distinguished members 
of it—I allude to Mr. Brunel and Mr. Stephenson (Hear 
hear), whose names will never be obliterated from our me- 
mory. The important services they have rendered to this 
country can never be forgotten. (Cheers.) Let us look around 
at the vast works which have been completed, or which 
are in the course of completion in this country. Though it may, 
perhaps, seem unnecessary, I think it is right I should on this 
occasion ask you to look for a moment at the vast extension of 
our docks all over this country—at the great improvements in 
the electric telegraph, and also in our steamships, and, in fact, 
in the general steam navigation on our waters. (Hear, hear.) 
Let us look at what has been done at home—and when I say at 
home, I mean in this metropolis. No one can walk over West- 
minster-bridge without being struck by those magnificent quays 
which are being built on either side of the river, and are com- 
monly called the Thames Embankment. These constitute the 
most important works of the day. (Hear, hear.) I must also 
refer to the Metropolitan Underground Railway, which is owing 
to the continued exertions of your distinguished President, and 
which, although not entirely completed, has been in use for 
nearly three years, and has, [ believe, to a considerable extent 
diminished the traffic in our streets. (Cheers.) Let us look 
also at our colonies, and see the many important works which 
our engineers have contrived there. I would allude more 
especially to one—the celebrated bridge built over the St. Law- 
rence, called the Victoria-bridge, which is close to Montreal, and 
which was constructed by one of your most renowned engineers, 
Mr. Stephenson. (Cheers.) I had the honour of inaugurating 
that bridge in the name of her Majesty the Queen. (Cheers. ) 
I have to be thankful to you allin many ways; but I have to be 
nt gre thankful to Mr. Stephenson for having built such a 
bridge, because, perhaps, I should never have had an opportunity 
of visiting our North American colonies and a portion of the 
United States if I had not received an invitation to inaugurate 
that great work. (Cheers.) Let me thank you once more, 
Mr. President, for the honour done me, and for the kind way in 
which the name of the Princess of Wales has been received. 
(Cheers.) And let me assure you that it affords me the deepest 
gratification to have the honour of being present this evening as 
one of your members. (Loud cheers.) 

The Chairman:—May it please your Royal Highnesses, my 
Lords, and Gentlemen,—I have now the honour to propose the 
toast of “The Navy, the Army, and the Volunteers.” The 
profession of a civil engineer may not appear, at first sight, to 
have any intimate connexion with the subject of my toast, but 
recent discoveries in science and mechanics have brought the 
civil engineer and the soldier and the sailor into close alliance. 
The introduction into the navy of steam as a propelling power 
has added to the crew of a ship, as a necessity, a body of engi- 
neers whose education and functions are now essential to an 
efficient navy. In like manner the soldier must now make his 
dispositions of attack and defence with reference to lines of rail- 
way, and must study how they can be made subservient to his 
purpose, or sometimes how best he can destroy them. He must 
have his telegraph and telegraphic engineer as a part of his 
material and bis staff, and for his great guns and other munitions 
of war he must avail himself of the inventive genius and expe- 
perience of our eminent members, Armstrong and Whitworth. 
But, perhaps, no institution of modern \imes has brought the 
civilian and the military man into closer friendship than that 
noble and, I may now say, that national institution, the Vo- 
lunteer army. (Hear, hear.) From the date of its organisa- 
tion, Englishmen have begun to take great interest in military 
affairs, and I may say that the profession of a soldier has been 
raised in public estimation by a Seouindes of the difficulty and 
importance of a soldier’s duties. Some of my friends now pre- 
sent and myself are officers of the Engineer Corps of the Volun- 
teer force. Our duty is to devise (in conjunction with the Royal 
Engineers) the method, and provide the means, of moving the 
largest masses in the shortest time to any point on the shores of 
Great Britain where such services may be suddenly required, 
and to organise labour for the creation of earthwork detences, 
and for making or destroying lines of communication. I may be 
permitted to refer to the Review at Brighton, where one of the 
the corps, Colonel Hawkins, displayed remarkable powers of ar- 








rangement. I am happy to say we have here to-night a dis- 
tinguished sailor, whose love of the sea and assiduous attention 
to a sailor’s duties have endeared him to all Englishmen—his 
Royal Highness Prince Alfred. (Cheers.) We have here that 
most distinguished general, officer Sir John Burgoyne, of whom 
I will mention that both civil engineers and military engineers 
recognise in him one of the most eminent men in their profes- 
sion; and we have also Colonel Erskine, the inspecting 
officer of Volunteers. I have therefore great pleasure in pro- 
posing “‘ The Navy, the Army, and the Volunteers,” coupling 
the name of Prince Alfred for the navy, General Sir John Bur- 
goyne for the army, and Colonel Erskine for the Volunteers, 

Prince Alfred:—Mr. President, your Royal Highness, my 
lords and gentlemen,—I need scngealy tell you with what plea- 
sure I rise to respond to this toast, nor how proud I feel to hear 
my name associated with the Royal Navy. (Cheers.) Within 
the last few years the navy has become more connected with the 
civil engineers than ever it was before. Many improvements we 
owe—in fact I may say all the later improvements we owe—to 
the civil engineers. (Cheers.) There is only one thing they 
have not succeeded in doing, and that is, making us look more 
beautiful than we did before. (A laugh and cheers.) Indeed, I 
am afraid they have rather caused us to deteriorate in appear- 
ance. (Renewed laughter and cheers.) I need not add that I 
tuke, and shall continue to take, the greatest interest in this 
body ; the more so from the fact of my father having been an 
honorary member of the institution, and from my brother 
having now for the first time taken his place in the same 
character. (Cheers.) 

Sir J. Burgoyne briefly returned thanks for the Army, and 
Colonel Erskine for the Volunteers. 

The President then proposed ‘*The Houses of Lords and 
Commons,” coupling with the toast the names of Lord Redes- 
dale, and Mr. Cowper, the First Commissioner of Works. 

Lord Redesdale returned thanks for the House of Lords, and 
Mr. Cowper for the House of Commons. 

The Chairman then said: May it please your Royal Highness, 
my lords and gentlemen,—I have now the honour to propose the 
toast of “‘ Our Visitors.” It may, I think, be considered to be 
one of the privileges and advautages of the profession of the civil 
engineer that his vocation brings him into personal communica- 
tion with distinguished men of every rank and class of society, 
and I can say for many of us that some of our most valud friend- 
ships in after years have commenced with our professional duties. 
I see around me this evening men of the highest distinction, 
who by their presence with us show that they deem our profes- 
sion, and the Institution of which we are proud, not unworthy 
of their countenance and support. May | say to one of those 
distinguished persons—Prince Teck—that we give him welcome 
to England ? I may venture to say that we give him a double 
welcome, for he comes to add to the happiness of one of the 
most widely beloved and esteemed members of the Royal 
fumily of England. (Cheers.) We have also present here to- 
night a distinguished statesman and orator—the Right Hon. 
Robert Lowe. (Cheers.) I have, therefore, great pleasure in 
proposing “ Our Visitors,” coupled with the names of Prince 
Teck, and the Right Hon. Robert Lowe, M.P. (Loud cheers.) 

Prince Teck: Mr. President, your Royal Highnesses, my 
lords and gentlemen, I cannot find words in which to ade- 
quately convey my thanks; but I assure you I am deeply grate- 
tul for the compliment which you have been pleased to pay me. 
(Cheers. ) 

Mr. Lowe, on behalf of the visitors at the hospitable board of 
the Institution of Civil Engineers that evening, begged to return 
that society their best thanks for the kindness tiey had re- 
celved. He begged to assure the society, on behalf of the 
visitors generally, as well as on his own, that they had the 
greatest pleasure in coming there, not only to partake of the 
hospitality of the civil engineers, but to evince their sincere 
esteem and admiration for the body which entertained them 
that evening. (Cheers.) They had great reason to be 
~ of the civil engineers of England. It was the last of our 
earned professions—the youngest of them; but, like most of 
the youngest sons in fairy tales, it had contrived to secure for 
itself a better inheritance than that enjoyed by its elder brethren. 
(A laugh and ** Hear, hear.”) , The engineers were not employed 
in the study of the ancient languages, nor in minute analyses of 
the} forms of expression and the modes of thought which were 
used by people many thousand years ago, and concerning 
which there was much controversy, and no certainty could be 
arrived at. (llear, hear.) ‘They had a wider field ; and, just as 
the laws of nature were better than written laws, so the 
range of study open to civil engineers was superior to that 
of the learned professions which had preceded thein. (Cheers. ) 
The civil engineers did not inherit a study which was stationary, 
like most of the studies which had occupied the attention of man- 
kind hitherto, and about which it might be said we knew very 
little more than was known 2000 years ago. He questioned 
whether writers and speakers of the a day used better 
Greek than the Greeks themselves (a laugh); and he doubted 
whether we knew more of moral philosophy or of logic than the 
a and logicians of Athens and Rome. On the other 
nand, the studies of civil engineers were not only as wide as the 
domain of nature, but their area was continually increasing with 
a rapidity which no one could gauge. ‘The civil engineers were 
the heirs of all ages, and the field of their investigation was 
boundless. They had the inscrutable laws of nature as the sub- 
ject of their inquiry, and the application of those laws to the 

nefit of mankind as their theme. (Cheers.) It might well 
have been felt by the profession that, while dealing with subjects 
so vast and magnificent, they had not received that recognition 
in the country to which they were justly entitled; but he hoped, 
if the day ever arrived when the Universities, rising to the true 
level which they should occupy, became really national establish- 
ments, the science of engineering would be admitted to at least 
a perfect equality with every other branch of knowledge. 
(Cheers). He trusted that the day would arrive when 
the efforts which were now devoted to the cultivation 
of the dead languages would be divided between the dead and 
the living. (Hear, hear). At all events, Jet not the engineers 
be discouraged because they had not at present any endowment. 
An endowment was not an unmixed good. In many cases it was 
only a means by which one age contrived to impress its ideas on 


the age which succeeded it. (Hear, hear.) All were orthodox 
who stuck to the endowment, and all were the contrary who 
went beyond it. (Hear, hear.) If, therefore, the engineers had 
no great stores of wealth, they were at least unfettered. They 
must remember, also, that as they were investigating the laws 
of nature, if they went wrong, nature would ultimately set them 
right. The Cattle Plague Commissioners, of whom he himself 
was one, gave a certain opinion, and the whole press wrote them 
down. If the matter had been one of mere theory, there would 
have been an end of them; but the cattle plague took the thing 
into its own hands (a laugh), and proved that the commissioners 
were right. (Hear, hear.) The profession of civil engineers had 
reason to be proud of their achievements—of their railways and 
of their electric telegraph lines, which enabled us to interchange 
thoughts, despite those petty districts into which the selfishness 
of man had divided the universe. (Cheers.) The civil engineers 
had been the missionaries of peace; and though it seemed as if 
a cloud was now about to come over Europe, and without sub- 
stantial cause and with little provocation peoples were about to 
be plunged into blood and mourning, yet, as the darkest hour 
was generally the one nearest to dawn, he hoped that the diffi- 
culties of the present time might speedily pass away, and that 
the members of the profession of civil engineers might continue 
to benefit society, and be the harbingers and precursors of peace. 
(Loud cheers.) 

Earl Grey, in complimentary 
Institution of Civil Engineers,” 
John Rennie. 

The health of the President of the Institution of Civil Engi- 
neers was proposed by the Duke of Sutherland, and Mr. Fowler 
responded as follows: ' 

I beg to thank his Grace the Duke of Sutherland for the terms 
in which he has been pleased to propose my health, and you, 
my lords and gentlemen, for the kind and cordial reception you 
have given to the toast. 

Permit me to say, however, that I should have greatly pre- 
ferred to have returned thanks for the profession which I repre- 
sent rather than for myself personally, but that duty has fallen 
upon stronger shoulders in the person of my friend Sir John 
Rennie. 

As President of the Institution of Civil Engineers, I may be 
allowed to say to the members now around me that, since taking 
the chair to which they elected me, it has been my earnest de- 
sire to give my best energies to the advancement of the profes- 
sion, and to the prosperity of the Institution; and Iam happy 
to be able to report that our Society this year enjoys a state of 
higher prosperity than ever heretofore. More members have 
joined our ranks; more members have attended our meetings; 
and our papers and discussions have certainly not diminished in 
interest and importance. 

I have so lately in my address to you dwelt upon the nature 
of the means which I should wish and hope to see adopted for 
the advancement and usefulness of our profession, that I will 
not now do more than repeat my conviction, that it will always 
continue to be one of the most important duties of this Institu- 
tion to watch over and stimulate a better professional education 
and preparation for the next generation of engineers than was 
provided for our own. 

I shall always be glad to take any personal trouble to accom- 
plish this great object, and otherwise promote the interests of the 
profession; and I know I have the sympathy, and shall always 
have the ready co-operation, of the members generally in the 
efforts I may make. 

To your Royal Highness, my lords, and gentlemen (our dis- 
tinguished guests on this occasion) 1 may say that we, who are 
actively engaged in the practice of our profession at the present 
time, remember and deeply deplore the loss of those civil en- 
gineers of world-wide reputation who have passed away. When I 
mention the names of Telford, Rennie, Walker, Rendel, Cubitt, 
Locke, Brunel, and Stephenson, I feel that I recal household 
“words to all around me. 

The present generation of civil engineers feel the responsi- 
bility ot following such men, and especially so as the profession 
is rapidly increasing in importance, both at home and abroad. 

I accept your visit to-night, my lords and gentlemen, not 
merely as a compliment to our profession, but also as an acknow- 
ledgment of the importance of that profession in the affairs of 
this great nation and the world at large. 

Some reference has been kindly made by H.R.H. the Prince of 
Wales and his Grace the Duke of Sutherland to my own works, 
and especially to the Metropolitan Railway. I very much 
fear that during the last few years I have been rather a disturber 
of the peace and comfort of many of those whom I see around 
me, but I must beg them to view my sins with some leniency 
when they consider the great difficulty of the task, and the great 
good it promises to effect. 

I may mention that the number of persons carried upon the 
small portion of the Metropolitan Railway now open is nearly 
100,000 weekly, and when the whole of the “ inner circle” is 
completed it may be calculated that considerably more than 
1,000,000 persons weekly will be carried upon it. 

My lords and gentlemen, I claim this great public con- 
venience (in which all classes participate) as my excuse for the 
temporary inconvenience which is inseparable from such works 
whilst in course of construction. 

With respect to the other important works with which many 
of us are now occupied, we feel that, although much has been 
done, much still remains to do. ! 

I must, however, refrain from wearying you on this occasion 
with professional details, but aliow me again to thank you very 
much for the honour you have done me in drinking my health 
as President of the Institution of Civil Engineers. 

The company then separated. 


terms, gave the toast of “ The 
coupling with it the name of Sir 








Works tx Paris.—The most curious work at present going 
forward in Paris is the levelling the hill of the Trocadero, ou the 
right bank of the Seine, opposite the Bridge of Jena. One- 
fourth of the work is already completed. The ground is mined, 
and four mines are fired simultaneously by means of an electric 
battery. A surface of more than two acres is raised by each ex 
plosion, and waggons are ready on a temporary railway tu carry 





away the earth thus loosened. 
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PUBLIC WORKS IN INDIA; 1866-67. 


By the arrival of the Indian mail this week, we have 
received advices from Calcutta to the 7th April last, 
vid Bombay, which put us in possession of a copy of 
the Indian Finance Minister’s statement within a few 
days after the delivery, by our own Chancellor of the 
Exchequer, of his Budget estimate for the ensuing 
year. 

From this statement we learn that the actual expen- 
diture on public works in India for the year 1864-65 
was 4,329,726/.; the Budget estimate for 1865-66 
amounted to 5,376,509/., whilst the regular estimate 
for that year fell short of the above amount by 601,969Z. ; 
and the Budget estimate for 1866-67 is set down at 
5,770,000/. ‘These sums include all expenditure for 
establishments and repairs, as well as for new works ; 
but in addition to the above 5,770,000/., we may add 
for expenditure in the telegraph department, 406,840/., 
for supervision and cost of land for railways, 391,6007., 
for loss by exchange of railway transactions, 233,130/., 
for expenditure in England on stores for use in the 
Public Works Department in India, 748,350/., and 
for guaranteed interest on railway capital, less net 
traffic receipts, 533,330/., making a total estimated 
expenditure by Government on account of public 
works in India, for the year 1865-67, of 8,083,250/. 

In the course of his statement, Mr. Massey alluded 
at some length to the subject of irrigation works in 
India. He hoped it was probable that, in the course 
of the ensuing year, the remodelled plan of the Ganges 
Canal would be undertaken, that certain works on the 
Godavery would be prosecuted, and that the Burra 
Doab Canal would be proceeded with. These works 
have been roughly estimated to cost about one and a 
half million, of which something like 300,000/. would 
come into charge during the ensuing year; but no pro- 
vision has been made for this expenditure in the esti- 
mates, as these works are of a class, the expenditure 
upon which is likely to prove a profitable investment 
for capital, and it is the desire of the Secretary of State 
that works of this sort should be provided for out of 
surplus revenue, or from the available cash balances, 
a failing these, by loan. There is no surplus 
revenue this year; but there will be available balances 
adequate to the demands which may be expected in 
respect to these works, so that it is not likely any loan 
vill be proposed during the course of the year. 

Mr. Massey further remarked that the vigorous 
prosecution of irrigation works had been delayed by 
various causes. There have been, in the first place, very 
considerable discussions and doubts as to the agency 
by which such works should be carried out, whether 
by Government or by private agency. The field is 
ample for both, and although for many reasons it would 
be more desirable that Government should undertake 
these works as far as practicable, yet it would not be 
creditable for it to refuse the co-operation of companies 
when the means of Government proved inadequate to 
— for such undertakings. Secondly, there has 
been a conflict of opinion between the two schools of 
engineers as to the mode in which these works should 
be carried out, and while that conflict was raging, it 
was difficult for an unskilled Government to take upon 
itself to pronounce an opinion; but steps have now 
been taken to reconcile these conflicting opinions, by 
which it is hoped some practical conclusion may be 
arrived at, advantageous to the country, and satisfac- 
tory to Government. The third difficulty which has 
obstructed the progress in irrigation works is a finan- 
cial one; and a fourth difficulty has also hitherto stood 
in the way of these operations, and that is the condi- 
tion of the labour market, alarm having been felt in 
high quarters lest works of this magnitude should 
overtask the swarming multitudes of India, just as 
similar apprehensions were entertained in England 
when the railway system was introduced. As those 
fears in England proved to be groundless, so also may 
it justly be believed that the fear of overtaxing the 
labour market in India has been greatly exaggerated. 

Lonpon Water SuppLy.—After a lengthened debate in the 
House of Commons, on Tuesday evening, as to the water supply 
of the metropolis, Mr. Hankey withdrew his motion for a select 
committee of inquiry. 

Gas.—The Imperial Gas Company’s Bill to enable them to 
acquire land and set up vast works near Victoria Park, works 
capable of making 17,000,000 cubic feet of gas daily, was with- 
drawn after a debate in the House of Commons on Monda’ 
evening. Much opposition in committee is anticipated with 
Tespect to the bill of the Chartered Company for works at 
Hackney. 

Stream Omnipuses.—Steam omnibuses are, it is said, to be 
established in Paris, The company proposes to run from the 
Champs de Mars to the Bastile, making six halts. The 
omnibuses drawn by horses take an hour and twenty minutes to 
Perform the distance; the steam company undertake to ac- 


MADRAS IRRIGATION AND CANAL CO. 


Ir will be remembered by most of our readers that 
the Madras Irrigation and Canal Company was started 
in the year 1858, for the purpose, as its name implies, 
of carrying out the construction of irrigation works 
in the ales Presidency. In their act of incorpora- 
tion the capital of the company was fixed at 2,000,000/. 
one half of which sum only has as yet been offered to 
the public, in 50,000 shares of 20/. each. On their 
— capital of 1,000,000/. the Indian Government 
1as given a guaranteed rate of interest of 5 per cent., 
and by their contract with the Secretary of State for 
India the Company were permitted from time to time 
to raise additional capital beyond the sum of one 
million sterling for the purpose of carrying out their 
works, on the distinct understanding that no guaran- 
teed interest would be given by Government on such 
additional capital. 

Of the one million guaranteed capital, 955,000/. has 
been paid up; and although their works in Madras are 
yet far from complete, the company has been obliged 
to suspend further operations for want of funds. In 
the report presented to the shareholders at the thirteenth 
ordinary general meeting held on the 29th of Novem- 
ber last, the following account was given of the pro- 
gress then made, and the probable results of the com- 
pany’s enterprise, so far as it had gone. 

Water was first admitted to a limited extent into 
the canal in April, 1865, in order that the whole of 
the embankments and masonry works might be effec- 
tively tested previously to the admission of water on a 
large scale. Water was subsequently readmitted on 
the Ist of July following, to a depth of 4 ft. for a dis- 
tance of 173 miles. On the 13th of July water was 
permitted to enter the second section, to the 33rd mile ; 
and by the 20th of that month it had filled all the 
large tanks as far as the 23rd mile, where it was re- 
tained by a temporary dam. The embankments of the 
canal having been thoroughly secured, the water had 
been allowed to pass on beyond the 24th mile, and 
was cautiously proceeding to the end of the third sec- 
tion, or 44th mile. From the 44th to the 61st mile 
great energy had been put forth by the executive engi- 
neer, and it was believed that water might within a 
few weeks be allowed with safety to pass on to the 
56th mile ; but its passage through the entire length of 
the fourth division to the 61st mile could not, it was 
feared, be looked for before June next. The engineer in 
October reported that the irrigation in the first section 
and in the first range of the second section was making 
good progress, and it was hoped that, if they were only 
able to go on for another year at the same rate of pro- 
gress, they would in 1866 have the means of irrigating 
300,000 acres of land, which, at a charge of twelve 
shillings an acre for water supplied, would give a re- 
turn on the first crop of 180,0002, 

Unfortunately these bright hopes are not likely to 
be realised during the present year. The exhaustion 
of their funds, and the inability of the company to 
raise additional capital, have led to an almost complete 
stoppage of the works in progress, and a considerable 
reduction of their engineerimg establishment. An 
application has been made to the Secretary of State 
for India for assistance in their present dilemma, so 
as to enable them to complete their project ; but in 
what shape such assistance is likely to be given, whether 
in the shape of an extended guarantee or of a loan, 
we cannot, of course, say, but we should think the 
latter plan would most probably be preferred both by 
the company and the Government. 

The company have, doubtless, had many difliculties 
to contend with, owing to the novelty of the under- 
taking ; but, if rumour be correct, a great waste of time 
and money has arisen from mistaken projects, fallacious 
estimates, and defective engineering in past years, and 
if these had been avoided, the undertaking might, even 
now, be paying, and the present difficulty in obtaining 
funds would never have arisen. 








PALMER’s REF USE-DISCHARGING APPARATUS.—Mr. Palmer, 
the inventor of the refuse-discharging apparatus, which we de- 
scribed last week, is the engineer of the Spanish iron-clad 
frigate Tetuan, which has just been completed at Ferrol, and 
not the engineer of the Caridad, as was inadvertently stated. 

Iron.—The iron warrant speculation has collapsed, and war- 
rants which a short time ago sold at 82s. are now quoted at 55s, 

Nortu Metropouiran Ratway.—tThe bill for this line has 

assed without opposition. It will connect the Great Western 
ine, at Southall, with the Thames near the Victoria Docks, 

Mr. EvpeEr’s Parer.—lIn our notice of Mr. Elder’s lecture, 
in our last number, the os of air to be pumped into his 
turret ship should have been given as 3tons per minute. It 
should have been stated that the inclination given to the tubes 
in Mr. Elder’s tubular boilers is downward at the rate of 1 in 5, 
from the back end to the uptake. In the comparison with the 
Constance and Liverpool, the Octavia burot 103 units instead 





complish it in forty-five minutes, including stoppages. 
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BARROW-IN-FURNESS. 


Snortty after Mushet’s discovery of the blackband 
ore, and especially after the application of Neilson’s 
hot blast, the Scotch iron trade grew at a marvellous 
rate. In Sir John Guest’s time, too, not only Dowlais, 
but the whole district about Merthyr Tydvil flamed 
with new blast furnaces, and the make of Welsh iron 
increased beyond all previous calculation. In the 
valley of the Clyde, however, as well as in Glamorgan- 
shire, the smelting of iron was a long settled industry, 
and even its rapid expansion was not so remarkable as 
the sudden rising of a _ manufacture, where, but a 
few years ago, were only moors and wastes and lonely 
stretches of inhospitable coast. It is hardly a dozen 
years since what is now known as the Cleveland iron 
district was a waste, and when Middlesboro’ was a 
ort of insignificant importance. Now, however, the 
 sntord if not the most productive, furnaces in the 
world are in blast in the Cleveland district, and those 
built and building number more than one hundred. 
Another iron district, of which but comparatively 
few have heard, is now being developed with a rapidity 
beyond anything on record in the Scotch, Welsh, 
or Cleveland iron trades. North Lancashire, or that 
yart of it in the neighbourhood of Ulverstone and 
east Abbey, was, not many years ago, as wild as 
any Highland glen, yet there are now at work in and 
about Barrow-in-Furness probably 8000 men engaged 
in the mining and smelting of iron ore, and the conver- 
sion of iron into steel. The works of the Barrow 
Hematite Steel Company are not yet finished, and, 
indeed, the complete or is not yet half carried out ; 
but they are already at work upon a great scale, and 
they will ultimately, we believe, take the very first 
rank in the kingdom, in respect of the extent of their 
operations. With deposits close at hand of rich hema- 
tite ore, of which the extent, if not inexhaustible, is 
practically unlimited, there are ten blast furnaces near 
the sea, upon which, indeed, the vast production of 
slag is steadily encroaching, leaving the furnaces daily 
more and more inland. ‘The ore is very rich, and the 
“tap” of these furnaces is very great. Indeed, they 
are tapped every six, instead of every twelve hours, 
and the cast is 20 tons at a tap, corresponding to 560 
tons of pigs from each furnace per week. Nowhere 
else in Great Britain (and when we say this, we may 
as well say nowhere else in the world) is such an 
aggregate cast taken weekly from one furnace, At 
the time of the International Exhibition, Messrs. 
Schneider, Hannay and Co.’s furnaces were 56 ft. high, 
and nearly cylindrical in section for a height of 20 ft. 
or more. The section was barrel-shaped, taking in to 
a 7 ft. hearth below and a 11 ft. throat above, the 






whole angect being 9300 cubic feet. The firm just 
named have assigned their entire interest to the 


Barrow Hematite Steel Company, and, as announced 
some time since in the London Gazette, have been dis- 
solved. 

Landward of the blast furnaces are the stecl works. 
At present there are two houses, with only an inter- 
vening brick wall between them, forming a pile 750 ft. 
long and 200 ft. wide. It is intended, however, to 
double these buildings, so as to cover 750 ft. by 4.00 ft., 
under four long roofs. At one end of one of these 
houses is a series of Siemens’s regenerative furnaces 
eight, we believe—for melting the pigs, to supply four 
6 ton Bessemer converters. These are so arranged 
that all may pour together, if required, so as to form a 
single 24 ton ingot. Near these is a large “ duplex 
hammer,” upon Mr. Ramsbottom’s plan, as employed 
by him at the London and North Western Railway 
Company’s steel works at Crewe. Beyond is the mill 
for bar steel, and, still further, the tyre rolls, the rail 
rolls, and the circular saw for crop ends. ‘The adjoin- 
ing house will have six converters of 74 tons each, and 
it is intended to supply these direct from the blast fur- 
naces, so as to save re-melting. The six converters 
will be arranged to pour together into a 45 ton ingot, 
if required. The same house will contain a great 
armour plate mill, for it appears to be now settled, 
since the application of ferro-manganese in the Besse- 
mer process, that, contrary to Messrs. John Brown 
and Co.’s earlier experience, good, strong, and espe- 
cially tough Bessemer steel armour plates can be made. 
We believe that, in doubling the present extent of the 
buildings, it is intended to add to the Bessemer con- 
verters, so as to have twenty in all, of from 6 tons to 
74 tons capacity each, and capable, together, of blow- 
ing 140 tons of steel in fifteen minutes. 

The Barrow Hematite Steel Company have the 
advantage of a practically unlimited supply of a quality 
of iron suited especially to the Bessemer process, and 
which is comparatively scarce elsewhere. The Barrow 
hematite is nearly free both from sulphur and phos- 
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phorus, and it is only extreme purity in these respects 
which fits any iron for the pneumatic treatment. We 
have said, in our earlier numbers, that the cost of the 
metal in the converters at Barrow does not exceed 
50s. per ton; but it is, of course, to be borne in mind 
that an immense outlay of capital has been incurred in 
securing this and other advantages. 

These great works are keeping many of our leading 
firms of mechanical engineers busy with orders. The 
blowing engines, already up, are by Messrs. Hick and 
Son, of Bolton. There are four of them, that is, two 
pairs, and we believe their dimensions are nearly as 
follows: 3 ft. steam cylinders, 5 ft. stroke, and 5 ft. 
blowing cylinders. The air pressure is often 24 lb. per 
square inch, a “pillar of blast” which would have 
frightened the older blast-furnace engineers. The 
blowing engines of the same class at Crewe work 
almost without noise, the air valves being the “ breath- 
ing” india-rubber ring patented by Mr. Bessemer some 
years since. Messrs. Thwaites and Carbutt, of Brad- 
ford, are, we believe, the makers of the duplex 
hammers. Messrs. Tangye Brothers and Price, of 
Birmingham, are making large hydraulic shears for 
these works. 


THE PALLAS AND SOLFERINO. 
To tue Eprror or ENGINEERING. 

Srr,—I am very sorry to see so much special plead- 
ing resorted to in your paper and elsewhere to conceal 
the failure of the Pallas. That she is in point of fact 
a failure too palpable to be concealed is known to every 
one who has witnessed her performance, and the state- 
ment which no one ean deny, that she raises great 
waves at the bow and abreast the fore chains, enables 
us to discern without difficulty the cause of her failure, 
which is simply her bluntness. The adoption of such 
bluntness lies at the root of the controversy between 
Captain Coles and Mr. Reed. 

Captain Coles wanted to make his ships sharp, 
and to point his guns by turning his turrets. Mr. 
Reed wanted to carry his guns in broadside, and to 
point his guns by turning the vessel, to do which it 
was necessary to make his ships short, and therefore 
blunt. The length of the Pallas is only 44 times the 
breadth. It is not the introduction of the ram bow 
that produces the great wave in front of that 
vessel, It is the too great bluntness of the vessel for 
the power that is put into her; and if the ram bow 
were to be removed, the wave would not be removed, 
but would rather be increased. I agree with you in 
thinking that the speed of the Solferino may be some- 
what overstated. The comparative elegibility of 
different forms of vessels for passing through the water, 
you are quite aware, is determinable by a reference to 
their several coefficients, which coefficients are obtained 
by multiplying the cube of the speed in knots by the im- 
mersed midship section in square feet, and dividing by 
the indicated power. The coefficient of the Solferino 
as determined by this process is 849, which is also the 
coeflicient of the Bremen at a speed of 13.15 knots. 
The coefficient of the Warrior at a speed of 11.04 
knots is $25, at a speed of 12.174 knots is 767, and 
at a speed of 14.356 knots 659. Now as the largest 
coeflicient indicates the best form, the Warrior is not 
so good a form as the Bremen at any speed. And as 
the coeflicient of the Warrior is greater at the low 
speeds than at the high ones, it follows that the form 
of the Warrior is better adapted for the low speeds 
than for the high ones, or, in other words, it appears 
that the Warrior is too blunt for such speeds as 14 
knots an hour, 

While, however, this fact is so incontrovertible, and 
notwithstanding the importance and even the necessity 
of high speeds in Sickalien men of war, we see a course 
of retrograde improvement begun in the navy, whereby 
vessels are made Senter than before, instead of sharper ; 
and this change it is now sought to justify, although 
its immediate effect is to make twice the power neces- 
sary to do the same work. The co-efficient of the 
Pallas, instead of being 825, as at the lowest speed of 
the Warrior, or 659, as at the highest speed, or instead 
of being 632, which is the co-efficient of the Agincourt 
at a speed of 15.433 knots, cr instead of being $49, as 
in the Bremen at a speed of 13.15 knots, or at the 14 
knots of alleged speed of the Solferino, is only 464— 
not one of the best results in the navy for a ship of that 
size, but one of the very worst. 

The Pallas, as you state, with 3700 tons of displace- 
ment, attained a speed of 13.057 knots, with 3768 
indicated horse-power. But the Bremen, which is a 
vessel of about the same size as the Pallas, with 3440 
tons displacement, attained a speed of 13.15 knots, 
with 1624 indicated horse-power. 

We see, therefore, that owing to the bad shape of 





the Pallas, it requires more than twice the power to 
drive her at a speed of 13 knots that is necessary to 
propel, at the same speed, a vessel of about the same 
displacement but of good form. 

The particulars of the performance of the Bremen 
will be found at page 69 of the article on shipbuilding, 
contributed to the “ Encyclopedia Britannica” by Mr. 
Murray, the engineer of Portsmouth Dockyard, and 
the accuracy of his figures is vouched for by a com- 
mittee of the British Association, who could not have 
any bias in favour of particular vessels. 

Mr. Reed’s success, then, in the Pallas is reduced to 
this, that he has succeeded in producing a form of 
vessel which requires twice the power to propel the 
same weight at the same speed that had been found 
necessary under the old dispensation. 

I am, Sir, your obedient Servant, 
A Memser oF THE INSTITUTION OF 
Civ, ENGINEERS. 
May 8, 1866. 








LOCOMOTIVE BOILERS. 


At the meeting of the Mechanical Engineers held at 
Birmingham on the 3rd inst., a a was read by Mr. 
William Kirtley, of Derby, “On the Corrosion of Lo- 
comotive Boilers, and the Means of Prevention.” Mr. 
Kirtley alluded to the corrosion which occurs in boilers 
made with lapped joints, and attributed the grooving 
action which takes place, to the fact that neither the 
plates themselves nor their attachments to the firebox 
and smokebox are in the direct line of the strain that 
is put upon them by the pressure of the steam. The 
furrowing action is most marked at the interior of the 
smokebox end of the barrel, where it occurs most fre- 
quently opposite the edge of the outside angle-iron 
ring, when such a ring is used, and along tie edge of 
the inside laps at the longitudinal and transverse joints. 
We have also known it to occur to a great extent 
around the lower part of the circumference of circular 
tube-plates which were flanged forward and placed 
within the barrel. We noticed this fact m an 
article on the joints of locomotive boilers in the 
last number but one of this journal. In the cases 
to which we have referred, the furrowing took 
place most deeply at the bottom of the tube-plates, 
and from that point it gradually diminished up to the 
water-line, where it almost entirely ceased. As stated 
by Mr. Kirtley, and in the article to which we have 
already referred, the result of the strain produced by 
the pressure of the steam within a lap-jointed boiler 
is, that a slight springing or bending of the plates 
takes place at the edges of the joints each time that 
the pressure is applied, the continual variations in the 
pressure causing this bending action to be continually 
going on when the boiler is at work. By this action 
the coating of scale, which is deposited upon the plates 
by the water, and which, to a certain extent, would 
protect the plates from corrosion, is detached at the 
points we have mentioned, and a fresh surface is thus 
continually exposed to the action of the water. 

To avoid the defects above mentioned, the boilers of 
the locomotives on the Midland Railway are now made 
with welded longitudinal joints, and the three rings of 
which each barrel is composed have their abutting edge 
turned in a lathe, and are united by double-rivetted 
butt-joints, the covering strips being hoops shrunk on, 
and all the rivet-holes being drilled after the plates and 
hoops are put together. The plates forming the rings 
are rolled with thickened edges, a long gradual taper 
uniting the thick edges with the main body of the 
plates. At the smokebox and firebox end of the 
barrel the rings are flanged outwards, so that no angle- 
iron rings are required to join the barrel to the firebox 
casing and smnbelon tube-plate. Special machines are 
employed to bend and flange the thickened edged 
plates. The flanging is effected by laying the plate 
upon a flat bed, with the portion that is to be flanged 
over projecting ; this part of the plate is then bent 
down by the descent of a roller. The rolls used for 
bending these plates have a deep groove formed in 
them at one end to receive the flange, the width of the 
groove being adjustable by a large screw and nut. 
Each ring is formed of two plates, and after these have 
been welded up, the ring is blocked to the proper 
diameter and the soundness of the weld tested, by 
means of an ordinary hydraulic wheel-tyre blocking- 
press. 

A series of experiments which have been made upon 
these welded joints show that their average strength 
is within one-eighth of that of the solid plates ; and 
in more than half the number of strips of plate which 
have been cut out across the weld and tested by a ten- 
sile strain the fracture took place in the solid plate, 
and not in the weld. A number of boilers with welded 





seams have now been in use on the Midland Railway 
for some years; they are found to be in good con- 
dition, and they have as yet shown no sign of furrow- 
ing even at the flanged ends, at the points where the 
grooving action was most marked in the boilers con- 
nected to the smokebox tube-plate, and firebox 
casing by angle-iron rings. Mr. Kirtley exhibited on 
the occasion of the reading of his paper a number of 
specimens of corroded plates cut from boilers of the 
ordinary construction ; samples of the thickened edged 
plates, flanged and bent, and pieces of welded plate 
that had been broken in testing the strength of the 
welded joints were also shown. 








THE INSTITUTION OF CIVIL ENGINEERS. 
May 8, 1866. 
John Fowler, Esq., President, in the Chair. 


THe paper read was “On the Water Supply of the City of 
Paris,” by Mr. G. R. Burnell, M. Inst. C.E. 

This communication was principally confined to the methods 
adopted for securing the quantity of water required, and for its 
distribution and delivery; and was founded upon information 
obtained from M. Belgrand, the engineer-in-chief, as well as 
from numerous official documents. 

It appeared that when this subject was first seriously enter. 
tained i the ne of the enlarged city, in the year 
1860, the population of Paris amounted to upwards of 1,600,000, 
and the quantity of water available from various sources was 
only 32,563,028 gallons per day, or rather more than 20 gallons 
per head per diem; but a large portion of this was used for 
municipal purposes, and nearly the whole of it was objection- 
able in quality. A careful study of the Paris basin, with a 
view to ascertain its capacity for furnishing a water supply, as 
dependent upon the geological conditions of the district and 
upon its meteorology, that had been carried on since the year 
1844, showed that the basin of the Seine was formed of a part 
of the granite eruption of the Morvan, succeeded by the Jurassic 
deposits, without the intervention of the old and new red sand- 
stones, or any trace of the carboniferous formation; the Jurassic 
deposits being in their turn followed by the cretaceous forma- 
tions, and the whole being covered with the tertiary strata 
around Paris itself. It was remarked that French engineers 
and chemists attached great importance to the presence of the 
bicarbonate of lime in water for drinking purposes; and that 
they held that a proportion of that salt, about sufficient to pro- 
duce 16° of Dr. Clark’s scale of hardness, was positively bene- 
ficial. Accordingly, in selecting the source, M. Belgrand gave 
the preference to the waters that filtered through the calcareous 
formations that outcropped around the granite. The waters of 
the Dhuis and of the Surmellin were brought to Paris, from the 

lains of Champagne, by an aqueduct, along which they flowed 
i; gravitation, reaching the city at a somewhat higher level 
than had been calculated upon. The authorities had also pur- 
chased the right to take a considerable quantity of water from 
the River Marne at St. Maur, above its junction with the Seine, 
while the waters of the Somme Soude had been at present 
passed over, and were left for the future extension of the works. 

The springs of the Dhuis had yielded, in the driest season of 
the last twenty-one years, 6,698,400 gallons per day, and those 
of the Surmellin from 450,000 to 670,000 gallons per day. It 
was, however, believed that, by a series of operations connected 
with the drainage of the head lands surrounding these springs, 
the quantity from both these sources might be increased to 
9,000,000 gallons per day, even during periods of prolonged 
drought. These streams, after being united, were led to Paris 
in an aqueduct of masonry that was never less than 4 ft. 6 in. 
high, and was at times increased to 5ft. It was carried on 
arches in those positions where the depression of the valleys did 
not exceed 33 ft., and where greater, a cast-iron syphon, 3 ft. 
4 in. or 3 ft. 8 in. internal diameter, was substituted. The sec- 
tion of the aqueduct was in general ovoidal, but in places the 
sides had a curvilinear batter, according to the nature of the 
strata traversed. Its inclination was, as a rule, yo}5a, but that 
of the syphons was y53ss, in order to accelerate the discharge 
through them. It was calculated to deliver 9,810,476 gallons 
per day, when running to within 1 ft. of the crown of the arch, 
into the reservoirs lately built at Menilmontant, at a height of 
301 ft. above the level of the Seine. The materials employed in 
the execution of the masonry were “ pierre meulidre,” set in the 
cement of Vassy ; the whole of the interior and of the outside of 
the arches being “‘ rendered,” to avoid interference with the flow 
from the roughness of the surface, and to prevent the infiltration 
of the land waters. f 

The quantity of water obtained from the river Marne, at St. 
Maur, was about 9,000,000 gallons per day, when all the water- 
wheels were at work. This was pumped into a second story of 
the reservoir of Menilmontant, at a height of 287 ft. 7 in. above 
the Seine. This water was tolerably pure and limpid, but it was 
rather hard, containing a considerable proportion of bicarbonate 
of lime, in conjunction with a sensible quantity of the carbonate 
of magnesia. 

From the several sources which had been described, it was 
believed that a supply of 15,000,000 gallons per day would be 
obtained in the course of this year, or, together with the existing 
supply, a total of upwards of 47,000,000 gallons per day for a 
population of 1,667,841. 

On the left bank of the Seine there had recently been pur- 
chased a series of springs rising from the chalk formation, at 
Armentiéres, in the valley of the Vanne, and their volume 
would be increased by the springs of Chigy, St. Philbert, Mal- 
hortie, Theil, Noe, &c. These waters would be led to Paris by 
an aqueduct 104 miles in length, and it was calculated that the 
quantity that would be so delivered would be equal to 22,328,000 
gallons per day. When all the works for improving the water 
supply were completed, including the supply derived from the 
Marne, the Canal de l’Oure and its increase, the artesian wells 
about to be sunk in various parts of the city, &c., It was esti- 
mated that there would be a gross total of 105,388,160 gallons 
per day—a quantity more than ample for a much larger popula- 
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lation than that of Paris is likely to become. But it must be 
borne in mind that the waters of the Canal de ’}Oure would 
still constitute more than one-half of the whole quantity, and as 
this canal was navigable it was exposed to various sources of 
impurity. In future two sets of pipes were to be established; 
one to supply spring-water from the Dhuis, the Marne, and the 
Vanne, the other to supply the waters of the Oure and the 
Seine for the service of the street-washing, for the monumental 
fountains, and for other purposes of the municipality, The 
water now taken from the Seine-was distributed with all the 
impurities it might contract during either seasons of flood or of 
drought. An inconsiderable quantity was filtered, in the inte- 
rior of the town, at the “fontaines marchandes,” but the 
revenue derived from this was equal to about one-seventh of the 
total sum received for the sale of water in the course of last 
year. 

Fourteen reservoirs were at present in use, of which four were 
reserved for the waters of the Ourc, nine for those of the Seine, 
and one for those of the aqueduct of Arceuil. Of these the last 
and two which now distributed the waters of the Seine were to 
be abandoned on the completion of the new works. The reser- 
voirs at Menilmontant and at the telegraph of Belleville, lately 
constructed, were intended to receive the waters of the Dhuis 
aud of the Marne; and they were calculated to contain together, 
in the two stories of arches of which they were composed, about 
29,500,000 gallons. The cubical contents of the existing reser- 
voirs, without including that of the Basin de la Vilette, at the 
extremity of the Canal de I’Ourc, amounted to nearly 23,000,000 
gallons. A description was then given of the reservoirs of Passy 
and of Menilmontant ; and with regard to the former it was re- 
marked that all the skill and attention of the French engineers 
had been employed in vain in the attempt to prevent the action 
of atmospheric causes upon the masonry, which had given 
serious grounds for uneasiness, owing to the contraction and ex- 
pansion of the masonry. It might be that the perfection of the 
setting of the cement upon the masonry had something to do 
with this effect, for it could not yield, like an elastic substance, 
such as mortar of the proper quality of hydraulic lime. In the 
construction of the reservoir of Menilmontant, the surface of the 
excavation in the gypseous marls, which were hard when ori- 
ginally cut, but which yielded under the influence of the atmo- 
sphere, had been “rendered” with a coating of plaster of paris 
14 inch or 2 inches in thickness. This had been found to be an 
efficient temporary protection from disintegration, under the 
effects of rain and of frosts. 

The appliances for securing the effectual distribution of the 
water brought into Paris, and the quantities required for the 
different services, were then detailed; and it was stated that 
the authorities undertook to deliver, when all the works were 
completed, gratuitously to the citizens a total quantity of 54 
million gallons per day. The execution of the works required 
for the distribution of the water to private houses and factories 
has been undertaken by a company, under an agreement with 
the town, for fifty years, during which time it was to collect the 
water rates, and at the expiration of that period, the whole of 
the estate was to become the property of the city. The profit 
arising from the execution of these works, at a fixed schedule 
of prices, anda sum agreed upon as a remuneration for the risk 
ont trouble undertaken by the poy were the first charges 
upon the revenue, and the excess beyond these amounts was 
shared in the proportion of 75 per cent. to the town and 25 per 
cent. to the —e In this way it had been estimated, by 
M. Belgrand that, during the year 1863, 17 million gallons of 
water had been delivered. ‘Ihe receipts for the private supply 
in 1864 amounted to 3,822,760 francs from 23,074 subscribers, a 
number which, it was calculated, would be increased by 2000 in 
twelve months. Considering that there were upwards of 50,000 
houses in Paris, this might be cited as a proof, if such were 
wanting, of the bad effects that must always attend the gratui- 
tous supply of water upon the habits of daily life of the citizens. 
It might be added, that the price charged to the water-carriers 
at the filtering fountains was ninepence for 230 gallons, and this 
quantity was retailed for four shillings. This increase in the 
price was one of the principal reasons brought forward to justify 
the great outlay incurred in leading to Paris the spring water 
from the Dhuis and the Vanne. 

In conclusion, the author thought, upon a review of all the 
conditions of the Paris water supply, that it must be regarded 
as a commercial failure; for while the town paid 2,060,000 
francs for salaries and repairs, it derived only 4,750,000 francs 
from every source of revenue, including interest and sinking 
fund. It might, however, fairly admit of doubt, whether the 
system had been a failure, if considered as a means of meeting 
the ants of the inhabitants, who were themselves too poor to 
pay the rates that would be required to defray the expense of 
conducting the water to their houses. But the system was be- 
lieved to be wrong, inasmuch as it entailed upon the city a heavy 
burthen for the water supply, which no one had a direct in- 
terest in checking, because it was paid for out of the town dues, 
instead of being made a separate charge upon the funds of the 
city. 








THE 7-INCH PALLISER GUN. 
To tHe Eprror oF ENGINEERING. 

Sir,—I beg to inform you that my statement as to the work 
upon the 7-inch gun not having been performed in accordance 
with the drawings supplied by me, has led to a discussion in 
which I have been convinced by those who performed that work 
that my drawings were incomplete, and that it was owing to 
this incompleteness that the work was not performed in the 
manner | had intended. 

There can, I imagine, be no doubt but that the proper course 
to adopt, in a case of this kind, is at once fully and freely to 
acknowledge oneself in error, and to express regret at having 
made the statement, and I therefore trust you will kindly afford 
me the opportunity of so doing. 

The incompleteness to which I refer is that, in order to have 
obtained a female zhrough-thread in the cast-iron breech of the 
gun, the thread should have been shown in the drawing con- 
tinued into the wrought-iron tube sufficiently far to have allowed 
room for the tool to pass through the cast iron. 

I am, Sir, yours obediently, 


members of the society:—Mr. Stephen Ford, Saffron 


Strange, 


LOCKS AND KEYS. 


THE following is an abstract of a paper entitled a “ Descri 
tion of an Improved Construction of Lock and Key,” read by 
Mr. J. B. Fenby, of Birmingham, before the Institution of 
Mechanical Engineers, at their meeting at Birmingham, on the 
3rd instant.—The writer pointed out that in all the previous 
locks there have been two important defects in principle, which 
are fatal to their security: the first being that, although access 
to the works of the lock is greatly impeded by many ingenious 
contrivances, they still admit of the works being got at through 
the iy and thus allow of a series of attempts being made 
to pick the lock; while the second defect is the possibility 
afforded for repeating the trial of a false key, and thus perfect- 
ing it by successive alterations ‘after trial. It has accord- 
ingly been shown, by cases which have actually occurred, that 
locks of the best makes, however numerous and complicated 
may be the secondary impediments introduced into them, can 
ultimately be opened: by sufficiently numerous and persevering 
attempts; and complete security can only be obtained by a 
principle of construction that is free from these two defects, 
— all access to the works of the lock through the key- 
1ole, and preventing the possibility of making more than a 
single trial of a false key. In the improved lock described in 
the paper, which is the invention of the writer, the principle is 
adopted of dividing the key into two parts, the “ bit” or portion 
by which the levers of the lock are raised being separate from 
the “‘ stem” or handle of the key. For unlocking the lock, the 
bit is inserted through a second keyhole into a radial slot con- 
tained in a solid rotating cylinder; and the cylinder being then 
turned round by the stem of the key acting in the centre key- 
hole, the bit, while being carried round, is also pushed outwards 
along the radial slot. by means of a cam, and is thus made to 
protrude from the circumference of the cylinder sufficiently to 
act upon the levers of the lock, and thereby set the bolt at 
liberty to be withdrawn. The bit is then pushed out of the 
radial slot, and drops into a receptacle inside the door; and the 
further revolution of the cylinder withdraws the bolt, and un- 
locks the door. The consequence of this mode of construction 
is that, as soon as the bit has been inserted in the lock and the 
cylinder turned round for unlocking, the radial slot in the 
cylinder is carried away from the keyhole, which is completely 
closed by the solid cylinder, whereby all access to the interior of 
the lock through this opening is effectually prevented, nor can 
anything be passed into the lock in this way, except a detached 
bit of metal not larger than the “bit” by which the lock is 
opened. The centre keyhole, into which the stem of the key is 
inserted for turning the cylinder, is simply a blind socket with 
parallel sides, and without any communication with the interior 
of the lock. The only possibility of opening the lock by fraudu- 
lent means lies, therefore, in the use of a counterfeit bit, intro- 
duced into the lock in place of the true bit; but this counter- 
feit is absolutely lost to the operator, and retained inside the 
safe at the very first trial, so that he is not only limited toa 
single attempt, but from the attempt itself no clue whatever is 
obtained as to the nature of the detect in the counterfeit. In 
consequence of the levers not being accessible for feeling through 
the keyhole, and therefore not requiring to be all shaped to the 
same average curve at the portion acted upon by the key, each 
lever can be shaped to its own proper curve, and the play in the 
action of the levers is thus reduced to a minimum; hence a 
much slighter amount of error in the counterfeit than is admis- 
sible in the case of previous locks will prevent its opening this 
lock. The importance of these advantages in the principle of 
the new lock is illustrated by the celebrated bullion robbery on 
the South-Eastern Railway some years ago, which attracted 
special attention from the remarkable skill with which it was 
accomplished, and the large value of the property stolen; but 
even in this case success was not attained until as many as 
seven trials had been made with the same false key, the latter 
being altered after each trial according to the indications ob- 
tained from the trial, until it was at Jast sufficiently perfected 
to be capable of opening the lock of the bullion safe. In that 
instance also the successive trials were made without leaving 
any indication behind that the lock had been fraudulently at- 
tempted, although it was fitted wjth detector contrivances for 
this special purpose; but in the — lock the false bit, being 
retained inside the safe, is found when next the safe is opened, 
and furnishes proof of the fraudulent attempt having been made, 
as well as showing how near the counterfeit key has approached 
to the original. The locks are made with six levers, and the 
corresponding steps in the bit are cut with the greatest accu- 
racy by a machine specially contrived by the writer for the pur- 
pose, with a permutating arrangement having an extent of per- 
mutation admitting of each lock differing from every other lock 
made. For locking the lock, the stem only of the key is re- 
quired, as the bolt is shot simply by turning the cylinder; and 
as the keyhole for the stem is made with a notch cut out on one 
side only, while the cylinder is not permitted to make a com- 
plete revolution, the key stem cannot be taken out of the lock 
whilst it remains unlocked. This lock bas an important advan- 
tage in simplicity as well as solidity of construction, as there are 
no more than sixteen separate pieces altogether in the complete 
lock; moreover, as both the keyholes are simply blind holes with 
arallel sides, having no communication with the interior of the 
ock, they do not admit of injury to the lock by explosion of 
gunpowder. Specimens were exhibited of the new lock, the 
action of which was shown both with the true key and with 
counterfeit keys ; and it was shown by trial that the counterfeit 
failed to open the lock, notwithstanding that by means of the 
permutating cutting-machine it had been made a much nearer 
approach to a perfect copy than was practicable in the best 
handwork from a wax impression. The key-cutting machine, 
for cutting the bits, was also exhibted, having been lent for 
the purpose by Messrs. Whitfield, of Birmingham, the makers 
of the lock. 








Soctery or EnGrineErs.—At a meeting of the Society of 
Engineers, held on Monday evening last, Zerah Colburn, Esq., 
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SOCIETY OF ENGINEERS. 
7th May, 1866. 
Zerah Colburn, Esq., President, in the Chair. 

‘ On Incrustation in Marine Boilers,” by Mr. P. Jensen. 
_ Tue question of keeping marine boilers free from deposit or 
incrustations has for many years been one of the most pro- 
minent before the profession, in fact ever since the first steamer 
entered seawater, and it is still well worthy of our closest atten- 
tion. It presents itself to us principally in three distinct forms, 
viz., safety against 5 mg ay economy of fuel, and durability 
of the boiler itself. Now we all know that sea-water causes in- 
crustation and corrosion, when boiled in a close vessel like a steam 
boiler. It is not, however, intended to enter into the question of 
internal corrosion of marine boilers, though closely connected with 
the subject before us, for fear of extending the length of this 
= ; but we may, in passing, note the fact that internal corrosion 

low the level of the water in a marine boiler does take place to 
some extent where the scale has been removed, but that other- 
wise this scale, so injurious when allowed to accumulate to any 
thickness, acts the part of a shield or protector to the plates 
of the boiler against the action of certain salts contained in sea- 
water, of which the muriate of magnesia is by far the most 
destructive, though, happily, small in quantity. Aud here the 
author may be allowed to call the attention of the meeting to 
an excellent paper “On the Wear and Tear of Boilers,” read 
before the Society of Arts, April 26th, 1865, by Mr. F. A. 
Paget, who treats the subject of corrosion of boilers very fully. 
In the ordinary practice of sea-going steamers with common 
condensers, the feed-water is drawn from the hotwell of the con- 
denser, and thence forced into the boiler at some point or points 
near the bottom, and at a temperature of about 110° Fahrenheit. 
The evaporation of steam leaves all, or sensibly all, saline or 
other extraneous matters contained in the water behind in the 
boiler, and, unless some means were adopted against it,we should, 
of course, soon get the boiler choked with incrustation or 
deposit. The means proposed or adopted for this purpose are 
many and varied, as will be seen in the sequel; but this much 
is certain, that any considerable thickness of scale allowed to ac- 
cumulate renders the plates impervious to heat to a great extent, 
as this scale is a bad conductor. The heat generated in the 
furnace, and heating the plate next to it, cannot readily enough 
penetrate as far as the water, which, if in constant circulation, 
continually exposes fresh particles to the action of heat. The 
consequence is the overheating of the plates, and this to such an 
extent that holes may be burnt nearly through, leaving a sheet 
of iron the thickness of writing-paper. That explosions do and 
must occur by thus weakening the plates or by rents thus 
formed is an established fact, and has for years formed the 
subject of many investigations and different theories, among 
which that ca!!cd the percussive, first started and since com- 
pleted by Mr. Zerah Colburn, seems the most natural, and has 
now probably become more generally adopted than any other. 
But even only partial explosions caused by rents or collapse of 
internal parts of the boiler have proved dangerous by scalding 
those that happened to be near at the time. The conducting 
power of wrought iron decreases with the temperature, so that 
at 400° Fahrenheit it has little more than half that at 32° Fahren- 
heit ; how it stands with still higher temperatures we do not 
know as yet. If from some reason or other, such as the coat- 
ing of the plate with incrustation, which has sixteen times less 
conducting power than iron, the plate with its covering of crust 
should become heated to above 340° Fahrenheit, then the water 
would exist on its surface in a spheroidal state, and thus only 
slowly and by the forcible ejection of it by colder water enable the 
heat contained in the plate to diffuse itself into the water; thus 
the plate would get hotter and hotter, and at last burn or 
oxydise where next to the fire. It is thus that plates are 
burned nearly through on account of incrustation. Im- 
portant as is the question of the safety of the marine boiler 
against explosions, it cannot be denied that the economy of 
fuel, as regards marine boilers, has at all times, being a mere 
question of pounds, shillings, and pence, commanded, it 
is believed, as much attention as the consideration of human 
lives: witness the numerous patents, amounting to about one 
hundred and fifty, that have been taken out in this country for 
the prevention of incrustations and consequent loss in evapora- 
tive duty in marine boilers. Now this it not an occasion for 
speaking about the patent laws, or entering into the desirability 
of maintaining, altering, or abolishing the same; but as one 
argument in favour of maintaining them struck the author 
while preparing this paper, which has a direct bearing on this 
and most other engineering question, it would be worth while 
to hear what the opponents of the patent laws have to say 
against it. The question is simply this, how and where should 
we find such a complete record of the progress of engineering 
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inventive and progressive talent but for the record of the Patent 
Office? In spite of all the nonsense that is patented, no doubt 
in sober earnest, still we find a vast amount of information in 
the specifications of patents. Would those that speak against 

tent laws like to do without the _—_ specifications ? 
To return to the subject, it has been said above that the scale 
has sixteen times less conducting power than iron. Inan inquiry 
ou incrustation of marine boilers ns be nme ee M. Cousté (An- 





nales des Mines, 1854), a paper hardly noticed in this country 
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till Mr. Robert Trefusis Mallet, in Practical Mechanics’ Journal, 
September, 1862, gave an extract of it. The following is stated: 
That with marine boilers, starting = clean inside, a loss of 
8 or 10 per cent. of the evaporative duty of the fuel takes place 
after the first few days’ work (a fact every marine engineer is 
aware of). At Bordeaux he found 15 per cent., and at Havre, 
after some days’ constant work, he observed 40 per cent. In 
general practice, he says, it has been estimated that 40 per 
cent, of the heat of the fuel is lost by internal incrustation or 
deposit.* His analysis of the incrustations is given in the pre- 
ceding table. 

The water contained is believed to be mechanically present in 
the pores of the scale, and not chemically dissolved. Of course 
marine boilers are scaled as often as it can be done; but, for long 
voyages, it is often out of question. Starting with 20 lb. pres- 
sure in the boiler, and clean fires, it is generally found that on 
the second or third day, in spite of greater exertions of the 
stokers and harder firing, only 19 lb. or less ean be kept con- 
stantly, and this loss in efficiency goes on at an increasing rate. 
In eight days’ constant steaming it has been found (in one in- 
stance) that, starting with 22 lb. pressure, the same was reduced 
to 15 1b. at the end of the voyage; this, it is supposed, without 
at all forcing the firing. Take another instance, at random ; the 
Persia log, from year 1858, September 30th to October 9th, in- 
clusive: Total number of nautical miles travelled, 2886; total 
quantity of coals consumed, 1402 tons. But whereas the con- 
sumption of coals per hour per indicated horse power was 3.95 
on 30th September (it left New York on the 29th), it had in- 
creased to 4.314 on the 8th of October (Artizan, May, 1860). 
These few items illustrate sufficiently the well-known fact that 
incrustation, even only as thick as paper, has a very great and 
perceptible influence tending to counteract the economy of fuel. 

As to durability, marine boilers, with all care, on an average, 
onlf last five years; but this is chiefly owing to internal and 
external corrosion, rendered more intense by the salts contained 
in seawater, which, besides, promotes galvanic action in various 
ways. This must be understood to apply to boilers properly 
managed, that is to say, in such a way that ef a very thin 
scale is allowed to be formed; for, as mentioned above, if thick 
scale is formed anywhere in places exposed to the heat of the 
furnace or the escaping gases, this circumstance contributes 
directly to the burning away or a of the plates. This 
fact, that marine boilers wear out so quickly, must, as fur as can 
be seen at present, remain unaltered so long as salt water is em- 
ployed, and, in spite of repeated trials, and more or less success 
of surface-condensing, in some instances, still we are fur from 
the general introduction of surface-condensing, and, considering 
the vast number of marine engines in existence worked with 
common injection condensers and salt water in the boilers, leaves 
the importance of the subject under consideration intact. It is 
now proposed to give a general explanation of the action of sea- 
water as it obtains in the marine boiler. The specific gravity of 
seawater varies according to different localities; and calling that 
of pure distilled water 1000, the average specific gravity of sea- 
water, according to Farraday, is 1027, For seawater of the 
specific gravity of 1027.2, such as he used in his experiments, 
one cubic foot weighs 64.1416 lb., or 1026.265 oz. avoirdupois, 
and contains of 02. 

Chloride of sodium, or common salt ... 25.762 
Muriate of magnesia __... e 3,282 
Sulphate of magnesia... eee 2.212 
Sulphate of lime ... ove 1.013 


Total ... eee w- 82.269 
besides small quantities of other salts, but too minute to be of 
any consequence. 

Dr. Ure found the largest proportion of salt held in solution, 
in the open sea, to be 38 parts of 1000, and the smallest 82; the 
Red Sea, however, contains 43 parts in 1000; the Baltic con- 
tains 6.6; the Black Sea, 21; the Arctic Ocean, 28.5; the 
British Channel, 35.5; and the Mediterranean, 38. 

The following table shows the boiling point and specific gravity 
of water of different densities at a barometric height of 30 in, of 
mercury : 


Boiling Ss ific 
Saltness. point. gue. 
Pure water eee coe O 212.0° 1.000 
Common salt water ... ws 213.2 1.029 
vs 214.4 1.058 
as 215.5 1.087 
nm 216.7 1.116 
ss 217.9 1.145 
ry 219.1 1.174 
ty 1,203 
as 1.232 
ay 1.261 
19 1.290 
YF 1.819 
$3 1.348 





The deposit of salt begins at a density of y\, and at }2 we have 
arrived at the point of saturation or the point at which water is 
incapable of dissolving any more. According to M. Cousté, an 
imperial gallon of water is capable of holding in solution at 
60° Fahrenheit and at boiling point, viz., in the open air, the 
following weights, nearly : 


At 60° Fahrenheit. At boiling point. 


Carbonate of lime ee Merely traces. ... Merely traces. 
Silica - oop 70 graing ,.. Fela 
Sulphate of lime ' ta eee eee 99 
Carbonate of magnesia... 3.25 ources ... ee ” 
Sulphate of potassium... 10» - 40 ounces, 
Chloride of sodium ia ene Se 
Chloride of magnesium... 266 =, = 2 
Nitrate of lime ... 600, — 


Chloride of lime on | Eee +++ unlimited. 

The order of deposition in the boiler as the water becomes 
concentrated is; 

Ist, carbonate of lime; 2nd, sulphate of lime; 3rd, the salts 
of iron, or oxides, and some of those of magnesia; 4th, the 
silica and alumina usually with more or less of organic matter ; 
and Sth, chloride of sodfum or common salt, Now it is well 


known that sulphate of lime is the worst of all the salts in a 





* This is, however, overrating the case considerably. 


marine boiler. We have seen that 34, or 37 in 100, is the point 
of saturation for common salt, but in the case of seawater. which 
contains other salts besides, 36 parts in 100 saturate at 226°, and 
80 in a hundred at 228°. Now taking 20 lb. pressure, which is 
the most prevailing now, this with a saturation of , toa rise 
of 1.2° per J,, according to Professor Rankine, corresponds to a 
temperature of say 262.9° Fahrenheit. How much salt can be held 
in solution at that temperature is not known to the author; but 
it is well known that the quantity decreases with increased tem- 
perature, and this is the reason of our not having yet urrived 
much beyond 20 Ib. pressure in marine boilers working with salt 
water. In marine boilers we have chiefly to do with sulphate of 
lime, the proportion of the same so largely preponderating in the 
inerustation on analysis. As to carbonate of lime, this enemy 
to boilers is fortunately not a constituent of salt water except in 
the Mediterranean, which contains a trace of it (.001 in 100 
arts). 

Sulphate of lime forms deposits at all temperatures and all 
densities. Salt, on the contrary, forms deposits, as we have seen 
in the foregoing, not to any extent except when in the quantity 
of A; or ,4,, the quantity of the same required for saturation de- 
creasing With increased temperature, and the amount of deposit 
that will take place long before the point of saturation having 
been arrived at increasing with iucreased temperature or pres- 
sure. Sulphate of lime will deposit at any temperature; but it 
so happens that increase of temperature also increases the 
amount of deposit of this salt, for, according to M. Cousté, the 
solubility of sulphate of lime at different temperatures is as 
follows. The table indicates the solubility for different tempera- 
tures, as well as degrees of concentration at which the satura- 
tion of sulphate of lime takes place: 

















| Solubility, or 
Degrees of areo-| Total | proportion of sul- 
meter corre- | Temperature. | pressure in |phate of lime in 
sponding to the | —- 100 parts of 
saturation. : | spheres, water at 
| Fahr, | Cels. | ' saturation, 
128 =| 217.4 | 103.00, 1 500 
12 | 218.84) 103.80, 1 Ai7 
11 221.27| 105.15) 1 432 
10 227.48) 108.60) 14 395 
9 | 231.8 111.00 14 855 
8 | 235.76} 113.20) 14 310 
7 | 240.44] 115.80) 1 207 
6 | 245.3 | 118.50) 1 226 
5 | 250 121.20, 1 183 
4 | 255.2 | 124.00; 2 140 
3 | 261,68) 127.60) 2 097 
2 | 266 130.00} 3 -060 
1 | 271.94] 133.30 2 .028 


Now this table, and that of the amount of salt which can be held 
in solution at high pressures, say 20 lb. a table, the author 
believes not to be found anywhere, would give us as near as 

sible, the quantity of water that ought to blown out of a 
oiler to prevent, 1st, accumulation of chloride of sodium, and, 
2nd, the deposition of sulphate of lime in any quantity injurious 
to the boiler in any high degree. True, there is one way of get- 
ting over the difficulty, viz. working with a lower pressure; but 
this is out of question for several reasons, and we must hence 
use experience and experiments as our guide. From the fore- 
going, it will be clear that every pressure requires a different 
treatment and a different amount of water to be blown off. If 
you blow off more than is necessary to prevent accumulation of 
salt in the boiler, you have to pump a greater quantity of feed- 
water in, and consequently a greater amount of sulphate of lime 
in solution, which will be deposited as a hard tenacious scale, 
On the other hand, if you blow off too little, you will certainly 
get less sulphate of lime, but the accumulation of common salt 
will ultimately choke the passages in the boiler.* To strike 
the just balance it is, as before said, necessary to be guided 
by experience. It seems that ignorance has prevailed even 
in high quarters till of very late years, because of want of 
data. Thus we find that Mr. James Napier read a paper in 
1859 before the Institution of Engineers of Scotland, in which 
he recommended the use of a much larger regenerator (a sort of 
tubular feed-water heater, the heat of the brine blown off being 
made use of for that purpose), and blowing off to a greater extent 
than generally used. He tried the experiment himself, and gave 
the results in a paper, read February 17, 1864, before the same 
institution. For the screw steamer Lancefield, trading regularly 
between Glasgow and the Hebrides, he made a regenerator of ten 
times the usual surface, and blew off to such an extent as to keep 
the density of the water in the boiler at very nearly the same 
wm as the water in the sea. After four weeks’ running, the 
voller was examined, and instead of its being clean and free from 
scale, he found, to his surprise, it was coated with a much 
thicker scale than under usual circumstances, but soft, like 
newly made mortar; but it dried and hardened before he could 
get it all out, and it was then nearly as difficult to scrape as the 
ordinary hard scale. On one voyage, when he was present him- 
self, he gave the boiler as much feed as the pump would do, and 
he observed then that the water in the gauge-glass was muddy. 
He cofitinued the experiment for six months, but with lesser 
quantities of feed, and blew off till the tubes of regenerator gave 
way, and then he discontinued. He saw then M. Couste’s paper 
and the table contained in the same, which shows that at two- 
atmospheres pressure seawater becomes saturated with sulphate 
of lime even at the ordinary density, and as he loaded to 40 lb., 
and generally worked about 30 Ib., he saw at once the explanation 
of the phenomena. Although he blew off constantly trom the 
surface by a conical tube, only some of the deposit of precipitate 
matter could be got rid of. This tallies exactly with the ex- 
perience of some others, Some steamers in the American navy 
work with about, or nearly, 30 Ib. pressure, and salt water, but it 
is believed not with our ordinary tubular boiler, but with long 
cylindrical boilers having large round tubes and very ample 
water-way. In the discussion following, Mr. Elder said he had 





* This maxim, though true in theory, is modified in practice, 
because of disturbing elements, viz, the more or less rapid circa- 





lation of the water. 





worked marine boilers with 30 to 35 1b. and salt water. One 
naturally expected to find most deposit in that section of the 
boiler which contained most salt and lime, he said; but ina boiler 
divided into eighteen pte (supposed to refer to his spiral flue 
high-pressure boiler), he found that though in the last section 
there was 24 times more salt in the water than in that of the 
first section, yet the deposit of lime was about equal in all parts. 
He concluded that the amount of deposit of lime depended on 
temperature, and not quantity of lime in it. The Americans, 
he said, ran with 40 Ib. pressure, and did not appear to sufier 
from deposit, but they cleaned the boiler whenever they came 
into port. He found the deposit to be greatest where there was 
no current. He had observed boilers running with 45 1b. for 
three or four months, and there was not much more deposit 
than when working with 251b, He believed that there was a 
greater tendency for the lime to separate and deposit, but it did 
not necessarily settle down on the heating surface of the boiler. 

The Mechanics’ Magazine, in an article on “ Incrustation in 
Marine Boilers,” February 24th, 1860, mentions Mr. James R. 
Napier’s paper, and assumes, for want of better data, 28 parts 
of sulphate of lime to 1000 of solution as the limit of saturation 
in boilers working at a pressure not exceeding 20 lb., and finds 
that with this assumption half the water must be discharged to 
keep the boiler clean, and this is affirmed by the practice of the 
British and North American Mail Company and others, Mr. 
Thomas Rowan found that when he had evaporated 

Ys of the water a trace of sulphate of lime deposited 

s 


io ” a J . ” a 
i », Sulphate of lime deposited in larger quantities; 
10 om decided ‘en 


8 


” ” 

16 ‘i » Very large quantities, also magnesia; 
and salt began to form. It is probable, therefore, that half or 
more of the water would have to be blown off in order to prevent 
formation of crust. ‘This means that the density of the water 
should be kept at .3,; for as sea water contains y, in its pure 
state, it is evident that half the water must be blown off to keep 
it at double its natural density. It may here be remarked that 
a density of , is very generally kept in marine boilers using 
about 20 Ib. pressure of steam, and if this be constantly and 
carefully attended to, no considerable or deleterious thickness of 
scale accumulates, at least in places where the circulation is 


We come now to a brief survey of the various means proposed, 
or adopted, for preventing incrustation. They consist in 

1. Surface-condensers. 

2. By heating the feed-water to such a temperature before 
entering the boiler, so as to oblige the sulphate of lime and other 
salts to accumulate in the heater only. 

8. By introducing various substances into the feed-water be- 
fore entering the boiler, the feed-water at the same time being 
subjected to heat so has to throw down the salts without allow- 
ing the same to enter the boiler. . 

4. By intioducing various substances into the boiler so as to 
neutralize the effect of the salts, and 

5. By blowing off in the usual or various other ways, 

1. Surface-condensers. This seems at once to do away with 
the nuisance; the economy anticipated has not, however, been 

uite realised in practice. 1t has been found necessary to inject a 
little salt water along with the distilled water from the con- 
denser ; and the duration of the boiler has been found, ia many 
cases, to be even shorter than with salt water only, the reasons 
for which it is not thought necessary to enter into here. 

2. Heating the feed-water, before entering the boiler, to such 
a degree that the salts are supposed to be thrown down in the 
heater instead of in the boiler. This looks very feas‘ble, but after 
all it amounts to shifting an evil from one place to another; let 
the heater be choked with salt and incrustation, and the engineer 
in charge has his hands as full as ever. To be. admissable on 
board ship it must be compact, and at the same time accessible 
for thorough scaling, two conditions not very easily reconciled. 
The most practical shape is that of a casing with a number of 
dishes or shelves piled on the top of each other in the same, 
which can be taken out and replaced by clean ones in a short 
space of time, This plan has been pes by Mr. Spencer, 
1863, No, 896, and in 1864, No. 86, by M. L. E. C, Martius, a 
French civil engineer. It is possible that this idea, by no means 
novel, possesses practical value, and at some future time may 
prove successful, ‘ 

(To be continued.) 








Sream RoLiers ror PaveMENTS.—A series of experi- 
ments has been conducted for some time past by the munici- 
ality of Paris, in order to test the comparative merits of the 
emoine and Ballaison steam locomotives employed in crushing 
and consolidating the broken granite laid on the streets of that 
city. It has at last been decided that the Ballaison locomotive 
is the better of the two. It has two rollers, the engine being 
between them and the boiler on one of them. The motion 1s 
communicated by a chain. With fuel and water the weight 
of the Ballaison steam roller is 13} tons with springs; and an 
iron framework, 15} tons. Its force is 10 horse power, and 
its consumption of coal about 16 1b. per horse. It does its 
works in half the time and at half the cost that would be re- 
quired were the work done by rollers drawn by horses; and the 
work is done more rapidly and completely. It may now be 
seen at all hours of the day crushing smooth the granite of the 
new boulevards of Paris; in the more crowded thoroughfares it 
works only at night. cy 

NITRO-GLYCERINE.—On the occasion of an inquiry in New 
York, Professor Nobel, who adapted the oil to blasting purposes, 
was placed upon the witness stand and testified that “ nitro- 
glycerine” is explosive only under certain conditions, and is not 
an inflammable substance. It does not explode by the mere 
application of fire, A shower of sparks will not explode it; 
and it requires 360° Fahrenheit of heat in a confined space 
before it explodes. Concussion would not explode it, but he 
thought it might be ignited by friction, Experiments with the 
view of testing it by concussion had been tried by throwing 
it from a height of 50ft., and it had been known to fall 1000 ft. 
from a rocket without exploding. This oil has been used by 
homeopathic physicians for headache. Professor Nobel, how- 
ever, said he did not know all the conditions under which the 
explosion of the oil was possible. 
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CIVIL ENGINEERS IN INDIA. 


Durine the last seven years, from 1859 to 1865 
inclusive, seventy young men have obtained appoint- 
ments as Civil Engineers in the Department of Public 
Works in India, at the competitive examinations which 
have, since 1859, been annually held at the India 
Office. It is purposed to hold another similar exami- 
nation in July next (the particulars of which will be 
found on another page of this paper), at which, in all 
probability, ten.more will be added to the list of young 
engineers who have chosen the service of the Indian 
Government wherein to commence their professional 
career. 

Much has been, from time to time, said or written 
by those who have already gained some experience of 
the service in India, regarding its merits and disadvan- 
tages; the latter, in most cases, appearing to pre- 
dominate, in the minds, at least, of the writers, al- 
though we have ourselves received oral testimony 
much in favour of the establishment from others. The 
most — and temperate list of grievances sup- 
osed to be inflicted npon the civil members of the 
alien Public Works Department is contained in a 
letter which appeared in the Builder of the 21st 
October and 4th November last, dated from Bengal, 
and signed with the initials, “C.E.” Without desiring 
in any way to hold up the Indian engineer establish- 
ment as a most desirable opening for young men wish- 
ing for advancement in their profession, and entirely 
repudiating any attempt to act as apologists for Govern- 
ment in the matter, for which we could boast no autho- 
rity, it is our desire now to lay calmly and dispassion- 
ately before our readers the following statement of 
facts relating to the service, and, if possible, without 
bias one way or the other, merely recording such au- 
thentic information on the subject as we have been 
able to collect, leaving it for those who may be con- 
templating employment under the Government in India 
to draw their own conclusions as to how far their ex- 
pectations hitherto regarding the advantages of such 
employment may have been founded on fact. 

At first, the young men elected at the competitive 
examinations were ——— for service in one of the 
three principal presidencies of India, viz., Bengal, in- 
cluding the North-West Provinces, Madras, or Bom- 
bay ; but, latterly, the appointments have been for 
“general service in the East Indies.” The administra- 
tion of the department may differ somewhat in the 
three presidencies ; but as Bengal, including the North- 
Western and Central Provinces, employs a consider- 
ably larger staff than both the other Presidencies com- 
bined, we shall confine our remarks ior the present to 
the branch of the Indian Public Works Department 
employed within that presidency. 

The whole number of engineers, civil and military, 
now on the establishment throughout India is 581. 
Of these 64 belong to the Presidency of Madras, 108 
to Bombay, and the remaining 409 are attached to the 
Public Works Department under the Government of 
India. The present proportion of military to civil 
engineers in the department is as 11 to 8; but as the 

roportion of civil engineers in the department has of 

te rapidly increased, while the supply of military 
officers has been reduced, the state of the establish- 
ment is characterised by a preponderance of military 
officers in the higher grades, and of civil engineers in 
the lower grades. The casualties in the department 
amount to about 7 per cent., so that there is a demand 
for about 41 engineers, viz., 24 military and 17 civil, 
to be — annually. Of this number a certain 
portion will be obtained from officers of the staff corps, 
and from the civil engineering colleges in India, and 
the remaining vacancies will be filled up by officers of 
the royal engineers and civil engineers from England, 
so that there is a probability that for some years to 
come, appointments will continue to be made of young 
civil engineers from this country. 

The te a list of the several grades in the 
Public Works Department, with the salaries drawn by 
Civilians in each grade: viz., chief engineers of the 
first class, 3000/. per annum ; chief engineers, second 
class, 2400/.; chief engineers, third class, 2100/.: 
Superintending engineers, first grade, 19201; second 
grade, 1680/.; third grade, 1440/.; fourth grade, 1200/.: 
executive engineers, first grade, 1080/.; second grade, 
9002.; third grade, 780/.; fourth grade, 600/.: assistant 
engineers, first class, 480/.; second class, 360/.; and 
third class, 240/. per annum. Mili members to 
the establishment are better paid than the civilians, 
and can draw a maximum of staff salary, and pay and 
allowances, in excess of the above rates, in addition to 


po net military pay, excepting in the case of officers 
of the staff corps whose entire receipts are cousolida- 





ted in the above mentioned maximum of staff salary, 
pay and allowances. Not only do military officers en- 
joy higher salaries than civilians holding similar ap- 
ag ane in the Public Works Department in India, 
ut they also begin their career in the department 
under far more favourable circumstances ; for whilst 
mili officers who have passed the code test and 
Hoya Egincer officers will be permanently appointed, 
all civil officers will be considered to be on probation 
for one year, whatever grade they hold. Again, mili- 
tary officers, on entering the department, wants quae 
to the grade that seems suitable in each case, but it is 
only left discretional with Government to make first 
appointments of civil engineers in the grade of appren- 
tice, or of assistant engineers of the third grade, civil 
engineers appointed from England and candidates of 
rare merit from the Indian colleges alone having any 
claim to appointment to the higher of those grades. 

Such distinction between the two branches in the 
department is much to be regretted, since it can 
scarcely fail to lead to heartburnings and jealousies. 
In promotion, however, we have every reason to be- 
lieve that the same prospects are open to civil as to 
military officers, and, taking the establishment as it 
now exists, it appears that after about four years of 
service, a young engineer, entering as assistant engi- 
neer of the third grade, may hope to hecome an assis- 
tant of the first grade; after that it will probably be 
found that a young man of average merit and attain- 
ments will pass about two years in each of the higher 
grades before obtaining promotion to the grade next 
above it, so that it will require an average service of 
not less than twelve years before he can hope to arrive 
at the position of executive engineer of the first grade, 
when he will obtain a salary of 1080/. ayear. After 
this, the number of appointments in each class of 
superintending and chief engineers being comparatively 
small, promotion must necessarily become slower, and 
it is not possible to estimate with any degree of accu- 
racy, the chances of further advancement in the ser- 
vice. The foregoing remarks must, however, be in 
all cases qualified by the consideration that promotion 
does not take place in accordance with any clearly de- 
fined rules, but it rests with the Governments in India, 
and is regulated by the exigencies of the service and 
by reference to the services and merits of individuals. 

Having thus shown the prospects which appear at 
present to lie before a young engineer on entering this 
service, so far as relates to pay and promotion, turn 
we now to point out the apparent advantages 
offered as to the extent of leave that may be granted, 
in which respect all civil engineers under the Govern- 
ment in India are subjected to the rules and regula- 
tions of the uncovenanted service. 

Under those rules four kinds of leave are allowed, 
viz., 1, leave on medical certificate ; 2, leave on private 
affairs and furlough; 3, privilege leave; 2, prepara- 
tory or additional leave. 

ve on medical certificate, with allowances, must 
in no case exceed three years in all, and not more than 
two years may be taken at one time. Subject to these 
restrictions, leave within Indian limits may be granted, 
with allowances, on medical certificate, as often as 
sufficient cause is shown; but beyond Indian limits 
such leave cannot be granted more than twice during 
the whole period of service. Should any further 
leave be applied for on medical certificate, it may be 
granted, but without any allowance. Preparatory 
leave, counting as service towards pension, can only be 
admitted in regard to two periods of leave. 

Leave on private affairs and furlough, with retention 
of office, may be granted as follows : 

Ist, leave on private affairs, for six months in one 
period, which leave may be repeated after intervals of 
six years ; 2nd, furlough, for one year after ten years’ 
service, and a second furlough, also for one year, after 
eighteen years’ service in India, such absence being 
limited to two years during the whole period of ser- 
vice. On taking leave under this rule for the first 
time, an officer must decide whether he will apply for 
leave on private affairs or for furlough, and havin 
once exercised his option and obtained leave fasion 4 
ingly, he will not, during the remainder of his service, 
be eligible to the other description of leave. Furlough 
and leave on private affairs, taken in India, will reckon 
from the date of leaving office to the date of return 
thereto; but when taken beyond India, it will reckon 
from the sailing of the nt on which the officer em- 
barks to the date of his return to India. Furlough or 
leave on private affairs caunot be taken in continuation 
of privilege leave. It will be granted on sufficient 
cause being shown, and when the concession of the 
indulgence may in no way interfere with the interests 
of the public service. 





Privilege leave, when it can be granted without 
injury to the public service and without additional 
expense to the State, may be allowed for not more 
than one month in each calendar year, to be taken 
either in one period or in not more than two instal- 
ments. This leave is allowed to accumulate to the 
extent of three months after a period of two years 
and nine months in which no such leave has been 
taken. Privilege leave for one month in each year 
may be allowed to officers who have not been absent 
on leave for eleven months immediately poston 
unless they took their last privilege leave in two instal- 
ment, in which case the indulgence will not be avail- 
able until eleven months after the expiration of the 
first instalment and six months after the expiration of 
_ second instalment of the previous year’s privilege 
eave. 

Preparatory or additional leave is allowed to officers 
proceeding to or from a sanatarium on medical certifi- 
cate, or to or from the port of embarkation from India 
to Europe on private affairs, furlough, or medical certi- 
ficate, and is limited to such period as the authorit 
granting leave may think sufficient. Officers proceed- 
ing from presidency towns on sick leave beyond sea 
will be allowed fourteen days for preparation. Officers 
retiring from the service on pension will be allowed 
fourteen days’ leave on half pay, provided the indul- 
gence can be given without detriment or extra expense - 
to the public service. 

Absentee pay will be granted to officers (in alluding 
to officers here, and in the immediately preceding para- 
graphs, it must be understood that we refer only to the 
civil officers of the department) to the following extent, 
provided always that half salary shall in no case exceed 
6007. per annum, and one-fourth salary shall not ex- 
ceed 300/. per annum : 

To an zl absent on sick leave in or out of India, 
half salary for the first fifteen months of each period of 
absence y Ae if the leave be taken in short periods in 
India, for the first thirty months taken from time to 
time, provided that half salary be not drawn for more 
than fifteen months at any one time), and one-fourth 
salary during the remainder of his absence on allow- 
ances. 

To an officer on leave on private affairs, one-half of 
his salary for a period not exceeding six months of con- 
tinuous absence, and for any further period of prepara- 
tory leave which may be granted him. But if an 
officer absent on private affairs obtain an extension of 
leave on medical certificate, he will be subject, for the 
whole period of his absence, to the rules for sick leave. 

To an officer proceeding on furlough, whose salary 
does not enetell 240/. a year, one-half of his salary, 

rovided, however, that it shall not exceed 80/. a yo. 
Tf the absentee’s salary shall be above 240/., and not 
exceeding 480/. a year, he ‘may be granted an annual 
allowance of 156/.; if above 480/., and not exceeding 
840/. a year, an annual allowance of 240/.; if above 
840/., and not exceeding 1440/., an allowance of 3607. ; 
and if above 1440/., he may be granted an allowance 
of 4807. a year. 

To an officer on preparatory leave, one-half salary 
before commencement of other leave, and on return 
from leave one-half salary, one-fourth salary, or fur- 
lough pay, according to the rate of allowance he may 
be then drawing. 

To an officer on privilege leave, full pay. 

An officer who overstays privilege leave by more 
than one month will forfeit pay for the period in ex- 
cess; but if he exceed his se by more than one 
month, his office will become vacant. An officer on 
privilege leave who may resign the service, or who 
may obtain sick leave without first rejoining, will, in 
the former case, forfeit his salary for the period of 
privilege leave, and in the latter case be subject to the 
rules for sick leave for the whole period of his absence. 

Next, as regards superannuation allowances and 
pensions granted by Government to civil engineers after 
stated periods of service, and which are obtainable on 
the following conditions : 

On the production by an applicant of such medical 
certificates as shall satisfy the Government under 
which he may be serving of his incapacity to serve 
longer in India, he may be allowed, if under 15 years’ 
service, a gratuity not exceeding 12 months’ salary. 
After 15 years’ service, one-third of his average salary 
(and of his personal allowance, if any) ye. pre- 
vious five years, provided that in no case shall a pen- 
sion be granted exceeding the sum of 300/. per annum 
whatever the amount of salary, nor of 200/. per annum 
if the salary shall not exceed 1200/. per annum. After 
25 years’ service, one-half of his average salary (and of 
his personal allowance, if any) during the previous five 





years, provided, however, that in no case shall a pension 
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be granted .exceeding 500/. per annum, whatever the 
amount of salary, nor exceeding 400/. if the salary 
shall not exceed 12007. per annum. 

After 30 years’ service or upwards, a pension may be 
granted without production of a mew ih, certificate, of 
the same amount, and subject to the same limitation, as 
that sanctioned for 25 years’ service on medical certifi- 
cate. This pension, as the reward of faithful efficient 
discharge of duty for 30 years, is termed a good-service 
pension, Pensions to the full amount will be granted 
only as the reward of approved service. In any case in 
which, without having incurred the penalty of dismissal, 
the applicant shall not be pontine’ entitled to the full 
amount of pension, the local Government may make 
such a reduction in the amount of pension as it shall 
consider just. The foregoing rates of pension and 
gratuity are applicable also, without the production of 
a medical certificate of unfitness for service, to officers 
discharged on reduction of establishment. 

With reference to the above remarks regarding pen- 
sions, &c., it must be observed that dismissal for mis- 
conduct entails forfeiture of the benefit of past service, 
and consequent loss of all claim to gratuity or pension ; 
service as a substitute, and periods of service before the 
age of twenty-two, or of absence on other than privilege 
and preparatory leave is not allowed to count towards 
pension, nor is preparatory leave permitted to count as 
service if it is granted in addition to leave on medical 
certificate to an officer who has enjoyed leave of the 
latter description on two previous occasions. The whole 
of the service in virtue of which pension is claimed 
must have been continuous and passed on a permanent 
establishment; but in case of the abolition of the office 
held by an officer, and his being subsequently employed 
by Government, his first period of service will be taken 
into account. 

In addition to the above there is also an uncoyenanted 
service family pension fund, unconnected with Govern- 
ment control, and supported by the subscriptions of its 
members. ‘The object of this fund is to provide for the 
maintenance of the widows and children of those who 
subscribe to it; but as such subscription is voluntary, 
and the fund cannot therefore be strictly considered as 
part of the advantages of the Government service, we 
shall give further particulars, together with extracts 
from the rules of the fund, in another place. 


A FEW years ago, while .locomotives were being 
made heavier and heavier, a few engineers took a stand 
in favour of light engines. Eight or ten tons was, 
they maintained, sufficient weight for an engine for a 
paying passenger traffic, and as for goods, we believe 
they objected to any engine of more than 20 tons 
weight, Since those times, the weight and strength 
of the permanent way has not been sensibly increased, 
but the increase in the size of the engines has steadily 
gone on. The American lines have a permanent way 
inferior in strength to our own, the rails being gene- 
rally of from 56 b. to 75 1b. weight per yard, and of a 
depth of 34 in. to 4in. only. Yet the Americans have 
gone on constructing heavy engines, until they have 
reached what would be considered great weights by 
English engineers. The Erie Railway, a line of 6 ft. 
gauge, is now worked with nearly 400 locomotives, of 
which upwards of 140 have 18in. cylinders, and the 
greater number of these have six coupled wheels and 
a bogie. Of these, ten engines, made last year by the 
Rogers Locomotive Works at Paterson, weigh each 
38 tons 17$ ewt., of which 29 tons 3 ewt. are on six 
coupled wheels 4 ft. 6in. in diameter. These engines 
have 18 in, cylinders and 24in. stroke. Their tenders 
contain 2200 Americar. or 1833 imperial gallons of 
water, and weigh, full, about 18$ tons. ‘These en- 
gines burn coal. We gave, last week, drawings and 
an extended description of one of the coal-burning 
engines of the Erie Railway as made by Messrs. Dan- 
forth, Cooke, and Co., and we believe that, with differ- 
ences in weight and minor detail, the engine illustrated 
represents the present standard goods locomotive of that 
line, The earlier engines had inside cylinders; but 
only outside cylinders are ncw employed. 

Mippie-Crass Epucation.—-A meeting was held at Bed- 
ford, on Saturday last, to promote the erection of a large colle- 
giate establishment near that town, for the education of the sons 
of farmers and others of the middle class. It was stated at the 
meeting on Saturday that the subscriptions already guaranteed 
amount to a larger sum than is actually required. Among those 
who have promised this material support are the Duke of 
Bedford, 10,0002.; Mr. Whitbread, 20002; Earl Cowper, 


1000, ; Colonel Higgins, 1000/.; Mr, James Toward, 5002., &c. 

Insrirution oF Ciy1L ENarsgers.—The President's Annual 
Conversazione will be held on Tuesday, May 29th. Those who, 
by models, works of art, &c., are prepared to contribute to the 
iMterest of the occasion, are requested to communicate at once 
with the Secretary. 








CUTTING OFF PILES UNDER WATER. 


Tue mode of cutting off piles under water, as prac- 
tised in the construction of the Thames Embankment, 
and ‘for which Mr. Furness and Mr. Slater obtained 
provisional protection a year ago, and Mr. Murray a 
subséquent patent, is substantially the same as that 
employed in September, 1860, for cutting off the heads 
of the piles which support the foundations of the bridge 
of the Pennsylvania tailroad across the river Schuyl- 
kill, at Philadelphia:~~ This operation-was performed at 
a depth of 17 ft. under water, and was described inthe 
Philadelphia Engineer, of September 20th, 1860, and 
which was on file a few days afterwards, as it has ever 
since been, at the Patent Office, in Chancery-lane. The 
description was as follows : 

* 'To obviate the necessity of constructing a coffer- 
“dam in the Schuylkill, so as to build a pier for the 
** Pennsylvania railroad bridge, an ingenious con- 
*trivance has been put in operation to prepare the 
“ foundation of the pier. The water, at the spot where 
“ the pier is being constructed on the west side of the 
“ river, is about 17 ft. deep, and, after driving the piles, 
“they have to be cut off level with the mud at the 
“bottom. To do this, a long iron shaft is firmly 
“secured to the uprights of the machine that 
“drives the piles, and is driven by the steam- 
“engine ordinarily used for the pile-driver. This 

shaft, which is hollow, has secured to its extreme 
* lower end a circular saw, four feet in diameter, the 
“ entire shaft being suspended by a rope passing over a 
** pulley at the top of the uprights. Another rope, which 
* passes around a drum, regulates the precise height 
*‘ at which the shaft must be secured to saw the pile 
“accurately at the length desired. The driving 
** pulley on the shaft is made moveable, so that at each 
“ change or elevation, as required by the rise and fall 
“ of tide, its position is changed to suit the line of 
“belting from the driving eugine. The precise 
elevation of the shaft, and consequently of the saw, 
“ is fixed for every pile by instrumental observation, 
* taken from the shore with a spirit-level; and, with 
all the difficulties, it is surprising to witness the 
“ rapidity with which the work is done, some sixty 

les being cut off on Saturday last. In one instance, 
“ - accident, the elevation of a pile head, after being 
“ cut, was found to be one and a half inches too high. 
* The saw was again applied, and the one and a half 
** inches neatly taken off in one slice, as was proven 
“by the piece floating to the surface. Yesterday the 
“ whole number of piles, about one hundred, were cut 

off, and made sony to receive the stones of the pier. 
* The management of the scow on which the apparatus 
“ rests is under the management of Mr. Vanhorn, and 
“great care and skill are necessary to prevent 
accidents. By guy ropes, anchored from different 
“ parts of the scow, each with a man to attend it, the 
“ position of the scow is regulated nicely, and at the 
“same time works the feed for the revolving saw. 
“This work of sawing piles is sometimes attended 
“ with'great difficulty, and is only well adapted for rivers 
“ where the surface is not much disturbed, as a heavy 
“ wind or even the passage of our river tug-boats in- 
terferes with the operation, as the scow upon which 
“the machine is erected should be held quietly in 
“ position during the process of sawing, otherwise a 
* fracture of the saw would result. Mr. Vanhorn has 
“ endeavoured to counteract, to some extent, the effects 
“ of a light wind or slight undulation of the water sur- 
“ face, by attaching to the side of the pile-scow two 
“flat boats heavily laden with stone, but still, when 
steamboats pass, the operation of sawing ceases. 
The whole work is well worth witnessing.” 
It will be seen that the Philadelphia apparatus suc- 
cessfully overcame a difficulty with which that on the 
Embankment does not have to contend. It was 
mounted on a floating barge or “ scow,” which rose 
and fell with the tide, about 6 ft. The pile-saw on the 
Embankment is carried by a carriage mounted upon 
rails, having a firm foundation. The drawings of Mr. 
Murray’s apparatus were made public last November, 
and are to be seen in his published patent specification, 
No, 1474, for the year 1565. 








SmaLu Enerines ror Twin Screws,—Messrs. John and 
William Dudgeon are now making for a small Swedish twin- 
screw steamer, a set of high-pressure engines of very simple con- 
struction. The cylinders, of which there is a pair to each screw 
shaft, are inclined, and are situated at the top of an A frame. 
Each side of this a frame, together with the corresponding 
pair of cylinders, steam-chest, crosshead guides, and crank- 
shaft plummer-blocks, is formed in one casting, a method of 
construction which has been used by Messrs. Dudgeon for small 
engines for some time, and which, although it involves a little 
extra expense for moulding, saves a number of bolts, &c., and 
makes a thoroughly good job. The engines above mentioned 
have cylinders 9 in. in diameter, with a stroke of 11 in., and all 





the working parts are arranged so as to be very accessible. 





SAFETY-VALVES. 


Wuen a safety-valve is loaded by a weight applied 
to it, either directly or by means of a lever, the resist. 
ance opposed to the opening of the valve remains prac- 
tically constant for any moderate amount of lift. If a 
spring be substituted for the weight, however, the cir. 
cumstances are altered, the resistance offered to the 
lifting of the valve increasing as the valve is raised. If we 
suppose.a safety-valve to be.held down to jts-seat until 
the pressure of the steam within the boiler exceeds 
that to which the valve is loaded, then, if the valve 
is released, it will be raised until the effective pressure 
which the steam is capable of exerting on the under 
side of the valve is reduced to an equality with the load 
applied to the upper side. When this load remains 
constant, the distance which the valve has to be lifted 
in order to produce this equality is, of course, greater 
than when the load is an increasing one; and we there- 
fore see that the opening for the release of the steam 
caused by a certain excess of pressure within the 
boiler would, with a given valve, be greater if the 
valve was loaded by means of a weight than if the 
pressure of a spring was applied to it. The amount of 
difference between the two cases would depend upon 
the elasticity of the spring. When, as is very generally 
the case, a lever is interposed between the valve and 
the spring, it materially influences the action of the 
latter by reducing what we may term its effective 
elasticity. Thus let the long and short arms of a safety- 
valve lever have the proportions of 10 to 1, then if the 
spring balance applied to the end of it deflects 1 in. for 
every 10 Ib. of load, the effect on the valve will be the 
same as if it was loaded by a spring directly applied to 
it and deflecting only ~; in. under 10 1b. Ifthe leverage 
be increased to 20 to 1, the effective elasticity of the 
spring will be correspondingly decreased, and it will 
then be only equal to that of a directly applied spring 
deflecting 1 in. under a load of 2001b. Now, in the 
case of a valve loaded through the intervention of a 
lever and spring, an increase in the size of the valve 
necessitates, in order that a certain pressure per unit 
of surface of the valve shall be maintained, either an 
increase in the strain put upon the spring or an increase 
in the amount of leverage applied. Generally speaking, 
the strain put upon the spring of a lever safety-valve 
is equal to the load upon each square inch of the valve, 
and therefore the larger the valve, the greater is the 
leverage employed, and consequently the less is the 
effective elasticity of a given spring. 

An example will perhaps explain more clearly the 
action which we have been describing. We will take, 
for instance, the case of two valves, the one having an 
area of 5 and the other an area of 20 square inches, 
cach loaded by means of a spring balance deflecting 
lin. under a weight of 10lb., the levers to which the 
spring balances are applied having the proportions of 
5 to 1 and 20 to 1 respectively. For the sake of sim- 
plicity, we shall assume, for the present, that the 
weight of the levers and their connexions, together 
with that of the valves, is balanced, so that the only re- 
sistance opposed to the opening of the valves is that 
arising from the pressure of the spring balances ; and 
we shall further assume that the full pressure of the 
steam in the boiler will be maintained upon the under 
side of the valves even after the latter have been raised 
a short distance from their seats. Under these cir- 
cumstances, if the pressure of the steam in each of the 
boilers to which the valves are applied rises 10 lb. 
above that to which the spring balances are set, each 
valve will be raised until the spring of the my ge 
applied to the end of its lever is extended } in., this 
distance corresponding to an additional tension of 
101b. In the case of the larger valve, this amount 01 
lift at the end of the lever will be caused by the valve 
being raised »;in., whilst in the case of the smaller 
valve the corresponding lift will be four times as 
great, or }in. Now, as the areas of the two valves 
are as 4 to 1, their diameters and circumferences will 
be as the square roots of these numbers, or 2 to 1, and 
the area of opening caused by any given amount of 
lift will also be as 2 to 1. The proportions of the two 
openings which we have just mentioned as correspond- 
ing to an increase of 10 Ib. im the pressure m 
the boilers would therefore be as 3, x 2 to} XJ, 
or as 1 to 2, or, in other words, the openmg 
given by the smaller valve would be twice as great as 
that given by the larger. 

If, as we have assumed in the above example, the 
sressure of the steam on. the under side of the valve 

id not diminish as the latter was raised from its seat, 
an increase in the size of a valve loaded by a spring 
balanee and lever would, unless accompanied by a 
corresponding increase in the elasticity of the spring 
balance, result in a diminution of the opening for the re- 
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lease of steam caused by any given rise of pressure in the 
boiler. In reality, however, the pressure exercised by 
the steam on the under side of the valve does diminish 
as the valve rises from its seat, and this fact gives a 
large valve a slight advantage, as the area of opening 
of a large valve due to a given lift is of course greater 
than that given by a smaller valve with the same lift, 
and, consequently, the same reduction of pressure on 
the underside. ‘The diminution of pressure on the un- 
der side of a safety-valve which takes place as the 
valve is lifted from its seat is, however, by no 
means so great -as is frequently supposed. About 
three years ago We po at a number of experi- 
ments made upon one of the safety-valves of a oop 
motive boiler in order to ascertain what this diminu- 
tion of pressure really amounted to, and we ob- 
tained the following reults: The valve upon which 
the experiments were made was 33 in. in diameter 
at the bottom of the seat, and its area was conse- 
quently 8.94, or very nearly 9, square inches. The 
seat itself was 4 in. wide, and was inclined at an angle 
of 45°. The arms of the lever were in the proportion 
of 9 to 1, and the spring balance was extended 1 in. for 
every 27 lb. of Toad applied to it, this corresponding 
to an elasticity of +3, in. per pound at the valve. The 
ressure exerted upon the als: by the weight of the 
_ and its attachments, together with the weight of 
the valve itself, amounted to about 54]b., and the 
valve had thus a load of about 6 Ib. per square inch of 
area applied to it in addition to that due to the screwing 
down of the spring balance. The experiments were 
made by holding down the safety-valve lever and 
slacking off the nut of the spring balance until the 
index of the balance showed a pressure less than that 
of the steam in the boiler. The lever was then gra- 
dually released, and the extent to which the spring 
balance was pulled out by the pressure of the steam on 
the under side of the valve noted. The distance which 
the index of the spring balance was moved when the 
lever was released of course gave the distance which 
the end of the lever had been lifted, and from this it 
was easy to calculate the lift of the valve. There 
was a good fire in the firebox, and, by the aid of a 
powerful blower in the chimney, the pressure of the 
steam in the boiler was kept as nearly constant as 
ese during each experiment. The pressure in the 
oiler was taken by a Bourdon’s gauge, and during 
the greater part of the time the steam was blowing 
off slightly from another safety-valve, screwed down 
to 1201b. per square inch. The results of six of the 
experiments are given in the following table, in which 
the numbers given in the fifth column are obtained by 
adding to those in the fourth column the constant 
pressure, 6 1b. per square inch, due to the weight of 
the valve and lever : 
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Although the manner in which the experiments were 
made did not admit of any minute accuracy, yet the 
esults, as above given, are somewhat interesting. In 
the first place, we see that the lifting of the valve from 
its seat did not diminish the pressure on the under side 
Very rapidly, the diminution only amounting to 9 Jb., 
or about 7} per cent. of the pressure in the boiler when 
the valve was raised 0.22in. This shows that the rate 
at which the decrease in the effective pressure of the 
steam on the under side of the valve takes place by no 


b 
means counterbalances the objections which we lose 
™ ed against the use of large valves loaded by a lever 
nd spring balance, and proves that, in many cases, a 
release of the steam might be obtained by 
the size of the valves used, and conse- 


more free 


quently the leverage employed. In the case of the 
valve upon which the experiments were made, the 
pressure on the under side seems to have diminished at 
the almost constant ratio of 1lb. for every 0.03 in. 
that the valve was lifted from its seat, and, assuming 
that the same decrease of pressure would have taken 
place if the valve had been of smaller size, we may 
from this fact calculate the opening which would have 
been given under similar circumstances by such a 
smaller valve. If we take the second experiment for an 
example, we find that the nut of the spring balance was 
slacked until the index stood at 90 lb; this pressure, 
added to 6 lb., the pressure due to the weight ‘of the 
valve and lever, gives 96 lb. as the total pressure per 
square inch upon the valve when the lever was released, 
the pressure of the steam in the boiler being 24 1b. 
greater, or 120lb. per square inch. As we haye 
already stated, the pressure exerted by the spring on 
the upper side of the valve increased at the rate of 
1 lb. for every zi in. that the valve was lifted, whilst 
the effective pressure of the steam on the under side 
diminished at the rate of 1lb. for every .03in., or 
about =, in., that the valve was’ so raised. It'will be 
convenient to substitute for the diminution of presstre 
on the under side of the valve a corresponding addition 
to the rate of the increase of pressure on the upper 
side, so that instead of having to consider a decrease of 
the lifting pressure of 33 Ib., and increase in the down- 
ward pressure of 243 lb., for every inch that the valve 
is raised, we shall merely have to deal with an increase 
of the downward pressure at the rate of 276 lb. for 
each inch of lift of the valve. The lift due to a difference 
of 24 lb. per square inch between the load on the valve 
and the pressure in the boiler would, according to this 
method of calculation, be .34,=0.0869 in., theactual lift 
given in the table being 0.0864 in. We have given 
in the last column of the table the lifts, calculated in 
the manner just explained, due to the difference 
between the boiler pressure and the load on the valve 
in each experiment, and it will be seen that in all cases 
the calculated lifts are practically identical with those 
which really occurred. We may now apply the same 
method of calculation to a valve of half the diameter of 
that upon which the experiments were made; such a 
valve would have one-fourth the area of the experi- 
mental valve, and the leverage required being thus 
one-fourth as great, the effective elasticity of the spring 
balance would be increased four times. The increase 
in the downward pressure upon the valve would thus, 
instead of 243 lb., be about 61 Ib. for every inch that 
the valve was raised ; and if to this we add, as before, 
33 lb. for the decrease of pressure on the under side 
of the valve, we have a total increase of downward 
pressure of 94 Ib. for each inch of lift. Under the 
circumstances of the second experiment, therefore, 
where the boiler pressure exceeded the load on the 
valve by 24 1b. per square inch, the lift of a valve half 
the diameter of the experimental one would have 
been $$ = .255 in. This lift would be 9.8 times as 
great as that of the experimental valve; but, on the 
other hand, the area of the opening given by a certain 
amount of lift would only be half as great in the 
case of the small as of the large valve used, the relative 
openings given by the respective lifts just mentioned 
would therefore be as 2: 2.8, or the opening for the 
release of steam given by the smaller valve would 
be nearly half as large again as that given by the 
larger. 

In a great number of instances the valves now ap- 
plied to locomotives are too large, or, what is the same 
thing, the spring balances are not sufficiently elastic 
for the leverage with which they are used. The 
objection has been raised to small valves that they are 
more apt to stick on their seats than large valves ; if, 
however, the seats are properly formed, there is no 
weight in this objection. The seats should never be 
inclined at a greater angle than 45°, whilst an angle of 
30°, or even a flat seat, is better. The width of bear- 
ing upon the seat is frequently too great; it should 
never exceed }in., and, with a valve and seat well 
ground together, »; in. of bearing is quite sufficient to 
make a tight joint. Valves guided by light feathers 
are less apt to stick than those with a small central 
spindle, as the latter is liable to get bent. One of the 
best forms for a safety-valve is that of an inverted cone 
or funnel, the point by which the lever presses 
upon the valve taking its bearing at the bottom of the 
cone, and therefore ‘below the level of the valve seat. 
The valve is thus pulled down to its seat, and any ten- 
dency to cant on one side is avoided. Now that coal is 
being extensively burnt in locomotive engines, especial 
care should be taken that the safety-valves work freely, 
as with that fuel the generation of steam is sometimes 





extremely rapid. On a great many coal-burning engines, 





valves loaded by a spring directly applied to them are 
now being employed, and there is no doubt but that such 
valves are the best. Ramsbottom’s arrangement is 
particularly effective. It consists, as no doubt many of 
our readers are aware, of a pair of valves situated at a 
short distance apart, and held down by a spiral spring 

laced between them, and connected with a lever 
Sansinn upon both of them. This lever is extended 
past the valves in one direction, and by raising the end 
of it the valve furthest from that end becomes a 
fulcrum, and the pressure is removed from the other 
valve; by depressing the free end of the lever this ac- 
tion is reversed, the valve which was previously the 
fulerum being released, and the other becoming in its 
turn the fulerum. The pressure can thus be removed 
from either valve at pleasure by merely raising or de- 
pressing the free end of the lever, whilst at the same 
time the arrangement prevents overloading. In Mr. 
William Naylor’s arrangement, which has been applied 
to a number of engines for India, as well as to many at 
work in this country, a small valve is employed, and 
the end of the lever to which the balance is attached is 
bent downwards at right angles to the horizontal line, 
the fuleram being placed. between the valve and the 
spring balance. ‘The spring balance pulls upwards, 
and the effect of the whole arrangement is, that as the 
valve rises from its seat the bent end of the lever, to 
whieh the balance is attached, is moved nearer the 
fulcrum, and the arm of the lever upon which the 
spring exerts its pull thus becomes practically shorter. 
The Seonsend pressure upon the valve, caused by the 
pull of the spring, is thus lessened as the valve rises ; 
and this compensates for the decrease which takes 
place in the upward pressure exerted by the steam on 
the under side, and allows the valve to open much more 
fully than it otherwise would do. These valves are 
found to act well in practice, and they will no doubt 
come into extensive use. 








NEW GRANARY AT SUNDERLAND. 


WE give, on page $22, illustrations showing the general arrange- 
ment.and details of a granary erected on the Commercial Quay at 
Sunderland. Figs. 1 and 2 show respectively the front and 
end elevations, whilst in Figs. 3 and 4 are given a transverse 
and part longitudinal section. The granary is 137 ft. long by 
65 ft. wide, and contains six floors, the height from the ground 
level to the springing of the roof being 64ft.10in. The foot- 
ings of the walls bear upon a bed of concrete 4 ft. thick, and ex- 
tending 4 ft. beyond the line of the walls on three sides of the 
building; on the fourth side, that next the water, the concrete 
extends to the quay wall. ‘The top of the bed of concrete is 
8 ft. below ground level, and the walls are built in cement for a 
height of 4 ft. above it. The front wall of the building, or that 
next the quay, is five bricks in thickness up to the level of the 
third floor, it is then reduced to three bricks in thickness, and 
at the level of the fifth floor it is again reduced to two and a 
half bricks thick, a thickness which is maintained for the re- 
mainder of its height. The back wall is four bricks thick up to the 
second floor, between the second and third floors it is three and 
a half bricks thick, and above that level its thickness is the 
same as that of the front wall. The end walls have a thickness 
of three bricks from the footings to the level of the fourth floor, 
and:are then reduced to two and a half bricks thick for the re- 
mainder of their height. 

The first floor is 3 ft. 9in. above ground level, and the dis- 
tance between it and the level of the second floor is 14 ft. 3 in., 
the height between the levels of the remaining floors is 
9 ft. 2}in. The general arrangement of the doors and windows 
in the quay front of the granary is shown by Fig. 1. It will be 
seen that there are six doorways or openings to the first floor, 
these openings being 13 ft. wide by about 12 ft. high in the 
clear. They are operand by piers 8 ft. wide and five bricks 
thick, the bases of the piers being connected by invert arches 
two.and a half bricks thick turned between them. The end 
piers are 9 ft. Gin, wide. As will be seen from the figure, there 
is no opening in the quay front to the second floor, and only 
one tier of openings to the floors above. At the back of the 

ranary there are three tiers of openings to each floor, those 
feading to the first floor having semicircular tops, and being 10 ft. 
wide by 11 ft. high at the centre, whilst the remainder are 7 ft. 
wide by 7 ft. high, except in the case of those belonging to the 
top floor, in which gase the height 1s 6 ft, 8in. At each end of 
the building is a doorway 10 ft. wide by 16 ft. 3 in. high in the 
centre, leading to a roadway which extends through the granary 
from end to end. 

The first floor is supported by joists of red wood, 12 in. by 
4in., and averaging 1 ft. 8in. from centre to centre, these joists 
resting upon intermediate walls, asshowa in the transverse 
section, Fig. 4. Upon these walls also rest the cast-iron 
columns by which the upper floors are carried. There are four 
rows of these columns, eight in each row, the distance apart of 
the columns being 12 ft. transversely and 14 ft. 9in. longitu- 
dinally, from centre to centre. The columns between the first 
and second floor are 12 in. in diameter outside, the thickness of 
the metal being 14 in. Between the second and third floor they 
are 12 in. in diameter and Lin. thick; between the third and 
fourth and fourth and fifth floors they are 10in. in diameter 
and 1 in. thick, and between the fifth and sixth floors 9 in. in 
diameter and Zin. thick. In Figs.'5 and 6 we give an eleva- 
tion and section of one of the second-floor columns, showing the 
manner in which itis connected tothe corresponding columns of the 
ground and third floors, this connexion being effected by flanges 
18 in. in diameter and 14 in. thick at tke top and bottom of tie 
columns. For a height of 4 ft. above the floors, all the columns 
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of a web- oe jin. thick, with top plate 7 in. by } in., 
#in.; both the top and bottom 
plate by double angle irons 3in. by 
3in. These girders run longitudinally, as shown by the sections 
y are continuous throughout the whole 
— h of the building, and the joints of both the web and top 

bottom plates are arranged so that ew occur at the points 


are made of the section shown in Fig. 8, the feathers on the out- 
side forming grooves for the reception of boards, by means of which 
the spaces between the columns can = divided off. At the 
head of each length of the col i 
through them, to allow of the 
the floors; a section of the columns at this point is given in rie 
®, and the manner in which they are s 
ing occurs, by thickenin, 
@ outside, is shown by 





the metal and adding feathers on 
igs. 5and 6. The wrought-iron 
girders supporting the flooring joists are 14in. deep, and are 








in the transverse sostion Fig, 4 





supported by truss frames resting upon the tops of the two 
her le oatul pillars. These frames are placed one nor cast 
tie-beam, their distance apart from centre to centre being 7 12 
The tie-beams, as well as the principal rafters of the roof, are i! Nr 
x 8in., and the king-posts, struts, and purlins are eac' Ha 
3in.; the truss frames are composed of timbers 9 in. ng 
A section of the cast-iron gutters, on each side of the bal buil 
is given in Fig. 7. Our ustrations have been pre Tait 
drawings kindly supplied to us by Mr. Thomas Meik, 
to the Sunderland and Dock Works. 
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ROLLERS FOR 


SLIDE VALVES. 
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FIG.2. 


Wirntn the last six years rollers have been employed under 
the faces of the slide valves of a large number of American loco- 
motives and steam-vessels, so as to diminish the friction as far 
as possible. The valve is first planed so as to bear fully upon 
the cylinder face, and as it wears slightly, it takes the rollers, 
and, according to the statements of those who are engaged in its 
application, it is afterwards self-fitting. In other words, it 
maintains its freedom of rolling movement, and also its steam 
tightness upon its face. The first point is, of course, easily 
ascertained by the c omparative ease in working the valves under 
steam, with and without the rollers, but the second might re- 
quire some nice observations in order to detect the ible 
leakage of steam. We have, however, been long familiar with 
the favourable reports of the working of the rolling steam valves, 
and we believe that extended experience has shown their advan- 
tages. They were first employed in America, upon some of the 
locomotives of the Galena and Chicago Rail: and they are 
now in use upon the leading lines of railway of that country, and 
they are in use, or in course of application, to nearly fifty steam- 
vessels in the United States navy. ; 

We give, above, illustrations of a marine engine slide valve 
fitted with rollers, to diminish the friction. The illustrations will 
represent, with sufficient nearness, the valves of the London and 
Adriatic Company’s screw steamer Clotilda, as fitted by Messrs. 
Maudslay, Sons and Field. Hardened steel plates are let into 
the cylinder face and also into the valve face, the rollers, also of 
hardened stee! and of small diameter (seldom as much as 1} in.), 
running between them. We believe that Mr. Martley, of the 
Longhedge works of the London, Chatham, and Dover Railway, 
at Battersea, is also fitting the rollers under the slides of one of 
his locomotives. The rollers are kept at a definite distance 
apart by means of links drilled to receive studs on the ends of 
the rollers. 

In the case of the Clotilda, the captain and chief engineer 
have made a most favourable report as to the working of the 
rollers; but we are led to doubt the conclusion to which Cap- 
tain Way’s report leads, viz. that the vessel makes 1} miles 
more per hour with the rolling valves than without them. 
This, however seriously put forward, is a little too much to be 
believed by an engineer; but we do not in the least doubt that 
a sensible improvement has been effected. 3 : 

The application of rollers under the faces of slide valves is 
now being made in this country under the patent of Captain 
Richard C. Bristol, of Chicago, U.S. (the patent being taken in 
the name of J. Henry Johnson). Captain Bristol first applied 
them to locomotives in 1859. His English patent is dated No- 
vember 20th, 1863, and is, we believe, anticipated by Fitton’s 
invention of 1859, if not by Mr. Hick’s, of 1843. In November, 
1859, Thomas Fitton, of Manchester, lodged a provisional spe- 
cification for ‘‘ Improvements in the Slide Valves of Steam En- 
gines,” and in which, after referring to the wear and loss of 
power in working ordinary slide valves under high-pressure 
steam, he said: 

“The object of my invention is to remove or lessen these 
“evils, and it consists in arranging slide valves, so that while 
“bearing or sliding on the face of the ‘ ports’ with sufficient 
“ weight or force to secure a close joint, the main part of the 
“ weight or pressure on the back of the valves will be sustained 
“upon rollers resting on suitable facings formed upon the cy- 
“ jinder, and placed under ledges on or projections from the 
“valves; consequently the valves will be: moved much more 
“ easily and with much less friction than the ordinary slide 
“ valve, as the rollers will roll as the slide reciprocates.” 

Fitton said nothing of the frame or links by which the rollers 
are kept at their proper distance apart, nor are these shown in 











Bristol’s specification. Bristol's own invention, indeed, was 
published in this country early in 1860, and, of course, before 
the date of his patent, in the American Railway Review, 
in which full drawings were given; and in October, 1860, the 
Philadelphia Engineer, on file ever since at the Patent Office, 
Chancery-lane, contained the following paragraph: 

“ Bristol's Valve.—This valve, erroneously called a ‘balance 
“ valve,’ is in use on several railroads about Chicago. It is the 
“common valve, supported on steel rollers, rolling on a steel 
‘“ plate. Three rollers, an inch in diameter, are commonly used 
‘‘on each side of the valve. The bearing of the valve is so ad- 
“ justed as to rest equally on its seat and on the rollers; and 
“when this adjustment is properly made there is, no leakage, 
‘* while the reverse lever may be freely moved under steam.” 

In 1843 Mr. John Hick, of Bolton, patented a rotary engine, 
the slide valve of which was of the construction shown in the 


following illustrations, and he pro to employ this valve for 
ordinary steam engines. The x ary the valve was formed se- 














parately, and was made tight with the rest by a’stuffing box, as 
shown. The whole weight of the steam upon the back of the 
valve was taken off by rollers, running upon rails, as shown. 
The friction of the laps or flanges of the valve remained undi- 
minished, but the relief of the pressure upon the back of the 
valve was no doubt considerable. Mr. Hick naturally doubted 
that he could, with rollers under the valve face, depend both 
upon rolling and upon a steam-tight joint, although it is clear 
that the moment the valve face wore faster than the rollers the 
whole wear would be thrown upon the latter. 

Captain Bristol’s patent is being worked in this country by 
Messrs. Daglish, of St. Helen’s. Should the rollers come into 
extensive use, the prior publication of the invention would of 
course soon become known, and we have considered it right, 
therefore, to call attention to Fitton’s and Hick’s specifications. 








Tur Paris Exursition.—But 70,000 square feet of space 
can be allotted to British exhibitors, while the applications are 
for upwards of 300,000. In the case of the Americans, Messrs. 
William Sellers and Co., of Philadelphia, have applied for 
more space than the whole quantity allotted to the United 

tates. An intimation with respect to the distribution of space 
Will be seen in our first advertising page. 


Biast Furnaces. — Messrs. Bolckow, Vaughan and Co, 
(Limited) are, it is understood, about to erect six new furnaces, 
of large dimensions, at Eston, where they have already eleven 
furnaces in biast, in addition to several others at Witton Park and 
elsewhere. As we have observed in previous numbers, all the 
newer furnaces in the Cleveland district are of very large 





capacity. 


CREUSOT. 

Wirutn the last four or five 
Creusot have been greatly , and they are now 
not only by far the t of their kind in France, but 
ay in the whole world. We presume it is well 

own that they have their London representatives 
(Messrs. William Bird and Co.), and that they are 
e in the construction, among other works, of 
forty locomotives for the Great Eastern Railway. 

Le Creusot, or, as it was formerly called, Creuset, has 
long been famous as a foundry. It was established in 
1782, and, as appears from a brass plate found not long 
since in the course of the demolition of one of the 
older buildings, was “la premitre de ce genre en 
“* France,” and was, moreover, “construite pour y 
“ fondre la mine de fer au coak suivant la méthode 
” = an d’Angleterre et mise en pratique par M. 
“ Williams Wilkinson.” Whether or not the works 
could be thus said to be of English origin, they were 
at any rate founded upon English example. They are 
in the very centre of France, and are in direct railway 
and canal communication with every principal port in 
the empire. More exactly, Creusot is about twenty 
miles south-east of Autun, in the département of the 
Sadne et Loire, and by a branch line of six miles 
it is connected with the Paris, Lyons, and Medi- 
terranean Railway, and thus with the whole railwa 
system of France. Creusot lies in a valley, beneat 
which are thick beds of excellent coal, of which about 
200,000 tons are raised yearly. We do not know the 
depth of the pits ; but M. Walferdin has made borings, 
one of which was 920 metres or 3018 ft. in depth, and 
we may add that he found the increase of temperature 
with depth to be 1° Centigrade for every 27 metres 
down, being 1° Fahrenheit for every 49 ft. Of the 
coal raised, no less than 14,000 tons yearly are burnt 
under the boilers of the works, pon nearly 100,000 
tons are coked. The iron is twenty-seven miles away, 
at Mazenay, and trains are kept constantly running to 
bring it to Creusot. It has been estimated that the 
iron of the Mazenay beds, if smelted and cast, would 
form a plate 44 in. thick over a surface five miles long 
and five-eighths of a mile wide, or, roughly, a weight of 
7,000,000 tons. At Creusot are fourteen blast-furnaces, 
which turn out rather more than 200 tons each weekly, 
when all are in blast. The gas from these furnaces is 
taken off to heat the blast stoves and the twenty-four 
boilers which supply steam for the blowing-engines. 
Of the latter there are four, rated as of 175 horse power 
each, or 700 horse power collectively. 

The new forges or puddling-mills are upon a corre- 
sponding scale, and occupy one side of an open court 
550 yards long and 60 mm They contain a number 
of heavy steam-hammers for shingling the blooms ; and 
we must add that Messrs. Schneider claim the inven- 
tion of the steam-hammer as their own, their French 
— being dated April 19th, 1842, while Mr. 
asmyth’s was dated nearly two months afterwards. 
But we believe the explanation to be that Mr. Nasmyth 
had previously shown his plans to M. Bourdon, 
Messrs. Schneider’s engineer, and on going to Creusot, 
in the spring of 1842, the inhammel gentleman was 
surprised to find his own invention actually in use 
there. The rolling-mill is a building nearly a quarter 
of a mile in length (400 metres), and is 328 ft. wide. 
Here are eleven steam-engines of a power varying from 
200 to 600 horses, and driving twelve trains of bar- 
rolls and eleven trains of plate-rolls. 
In the centre of the whole are the t workshops 
and foundries, where are produced the finished ma- 
chines for which Creusot is distinguished. From the 
locomotive factory alone one hundred and twenty 
engines are turned out yearly, and the marine engine 
factory is equally capacious and well manned. The 
foundry, in three large divisions, has eleven cranes of 
40 tons each, and the locomotive factory and the marine 
engine factory have each a forge containing twenty 
steam hammers of weights ranging from 15 ewt. to 12 
tons. Of the tools in these factories, a large number 
are of English manufacture, many having been made 
by Mr. Whitworth, while others have been made upon 
the spot, or obtained from the various French makers. 
Creusot has a population of 22,000, and all the work- 
men employed, including the mines at Mazenay and 
the works at Chilons, have numbered nearly 11,000. 
These were divided nearly as follows: 1350 in the coal 
pits, 1200 at the iron mines, 650 at the blast-furnaces, 
3000 in the puddling and rolling mills, 2500 in the 
factories, 900 on the railways and other means of com- 
munication, besides some hundreds in brick-making and 
at outlying works. About 100,000 tons of iron is made 
yearly into rails, plates, and merchant bars; and besides 
this, bridges, the largest marine engines, locomotives, 


ears the works at 





and almost every kind of machinery are produced. 
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THE DUBLIN WATERWORKS. 


For several centuries previous to the year 1775, the 
whole of the water supply of Dublin was obtained from 
the River Dodder, the water being led by an open 
conduit, called the “city watercourse,” from. a point 
near ‘Templeogue, about five miles from Dublin, where 
a weir had been constructed across the river above 
mentioned. In 1775, owimg to the badness and in- 
sufficiency of the water supply, arrangements were 
made by the corporation for obtaining what was at 
that time thought to be an ample supply from the 
Grand Canal; and in 1806 this supply was augmented, 
and an additional quantity obtained from the Royal 
Canal. At the present time the north side of the city 
is supplied with water from the Royal Canal, which 
is received into the city basin; whilst the south side of 
the city is furnished with water from the Grand Canal 
and city watercourse, the supply being received into 
the James-street and Portobello basins. The levels of 
the water in the north and south basins are respectively 
78 ft. and 76 ft. above ordnance datum, or the low- 
water level of a 12 ft. tide; the surface levels of the 
city along the quays ranging from 20 ft. to 28 ft. above 
datum, whilst some parts of the city lie too high to be 
supplied with water from the basius above mentioned, 

lhe water of the Dodder is soft, but much 
polluted by the refuse from the paper and other mills 
situated on the course of the river; the water from 
the canals, on the other hand, is very hard, the hard- 
ness being from 15° to 16° of Dr. Clark’s scale, this 
grains of carbonate of lime, or its 
equivalent, in each gallon of the water; the canal 
water is also greatly polluted. This want of an abun- 
dant supply of good water at a high pressure for the 
city of Dublin and its suburbs has caused various plans 
to be proposed for obtaining it. A proposition to draw 
the supply from the canals at a higher level was 
brought forward in 1857, and afterwards it was pro- 
posed to take the water from the Liffey at a point 
about 20 miles above Dublin. A proposal was also 
brought forward for obtaining the supply from wells ; 
but this idea was abandoned, partly on account of the 
number of wells that would have been required, and 
the hardness of the well-water, partly because it was 
doubtful whether a sufficient supply could have been 
obtained, and partly because the 21 9 My if carried out, 
would have required the continual employment of 
pumping power. Ultimately, in 1860, the whole 
matter was referred to a royal commissioner, Mr. 
Hawkshaw, who recommended that the Dublin water 
supply should be obtained from the River Vartry. An 
Act for carrying out this recommendation was obtained 
in 1861, and in November of the following year the 
works were commenced, the contract for the whole 
being taken at 274,000/. In addition to the sum just 
mentioned, about 60,0007. will be spent in the exten- 
sion and improvement of the system of pipes within the 
cily. 

The source of the River Vartry is at the southern 
base of the Great Sugarloaf Mountain, and for about 
ten miles it flows through a very thinly populated coun- 
try to the Devil’s Glen, where it passes over the fall. 
After this its course continues down the glen to the 
Broad Lough, and it finally flows into the sea at Wick- 
low. ‘The point chosen for the formation of the 
storage reservoir is Roundwood, about 7$ miles below 
the source of the river, and about 20 miles from 
Dublin in a straight line, the length of the course fol- 
lowed by the pipes, &c., being about 244 miles. Above 
the storage reservoir, the drainage area of the river 
amounts to 13,992 acres, or about 22 square miles, and 
the area of the reservoir itself will be 409 acres. Rain 
gauges set up in different positions within the collect- 
ing area just mentioued have shown that the average 
annual rainfall within the district was, in 1861, 60.87 in.; 
in 1862, 60.48 in.; in 1863, 44.85 in.; and in 1864, 
t8.39in. ‘This rainfall is far more than sufficient to 
secure an ample supply of water for the purposes re- 
quired, all mill rights, &c., along the course of the river 
having been bought up. The water of the Vartry is 
almost identical in analysis with that by which Glasgow 
is now supplied from Loch Katrine ; it 1s collected from 
a clay-slate district, and is partiqularly soft and pure, 
and during the greater part of the year colourless. 

The storage reservoir at Roundwood will hold about 
2400 millions of gallons of water, this being equal to 
200 days’ supply, at 12 millions of gallons per day. 
The present population to be supplied is 340,000, but 
the quantity just mentioned would give a daily supply 
of 25 gallons per head to 400,000 persons, and leave 
2,000,000 per day for manufacturing purposes, The 


1S 


agreeing to 15 or 16 


supply of 25 gallons per head per diem above calcu- 
lated upon is considerably less than that provided at 
Glasgow ; but the quantity used at the last-mentioned 





town for manufacturing purposes is far greater than it 
would be at Dublin, a circumstance which would raise 
the general average. At Manchester the supply is less 
than 21 gallons per head daily. The defective state of 
the taps and house-fittings in many cases causes a very 
great waste of water, and it has been stated that in Glas- 
gow probably nearly 15 gallons out of every 39 gallons 
per head have been uselessly expended through leakage. 
In other large towns similar results have been noticed, 
and as in Dublin-especial care is being taken to ensure 
that all the house-fittings shall be maintained in the 
best possible condition, there is little doubt but that 
the supply of 25 gallons per head per diem will be 
found ample. The embankment forming the reservoir 
at Roundwood will be 2000 ft. long at the top, and will 
have a greatest height of 66 ft., the maximum depth of 
water within it beg 60 ft. When the reservoir is 
full, the level of the water will be 692 ft. above ordnance 
datum. The entire width of the embankment at the 
top is 28 ft., and a carriage road, 24 ft. wide, is carried 
over it; its thickness at the base is 380 ft. at the 
deepest part, the outer slope being 24 to 1, and the 
inner slope 3 to 1. The puddle wall, which is in all 
parts carried down to the solid rock, is 6 ft. thick at 
the top and 18 ft. thick at the level of the surface of 
the old river bank. The by-wash or waste weir, which 
discharges into the old course of the river, is 300 ft. 
wide, and the total quantity of earthwork in the em- 
bankment amounts to 320,000 cubic yards. 

An outlet tunnel, leading from the reservoir, is formed 
by excavating an open cutting through the rock under 
the eastern end of the embankment, and then turning 
a semicircular arch of ashlar masonry, 4 ft. thick, over 
it. The tunnel is 14 ft. high by 14 ft. wide at its 
broadest part, and at the centre of it a brick plugging, 
20 ft. thick, is built, the brickwork being carefully 
notched into wedge-shaped recesses formed in the solid 
rock. Two pipes, respectively 33in. and 48 in. in 
diameter, are laid through this plugging, the 33 in. 
pipe being led into a water-tower erected at the 
imner end of the tunnel, and provided with openings 
in its sides at different levels. These inlet open- 
ings are furnished with valves on the inside, so 
that the water can be drawn from various depths, 
as may be desired. The 33in. pipe is for conveying 
the water to the distributing basin, whilst the 48 in. 
main, which is to be continued into the tail of the by- 
wash, is intended to be used as a sluice for rapidly low- 
ering the water-level in the reservoir when required ; 
a complete arrangement of stop valves, however, placed 
ina valve chamber at the outer end of the tunnel, 
enables either main to be used for either, purpose at 
pleasure. From the distributing basin the water 
passes by open conduits to the filter-beds and pure- 
water tanks, which, together, cover about six acres. 
Each of the seven filter-beds is 205 ft. long by 110 ft. 
wide, and is composed of sand, gravel, and broken 
stone. Six of these only will be required to be at 
work at one time, and one can thus be always spared 
for cleansing and repairs. ‘The filter-beds are placed 
three onthe one side and four on the other side of the 
two pure-water tanks, which hold 2,730,000 gallons 
each ; a sand-cleansing machine and store for the sand 
are situated close by. 

The water will be led from the tanks by means of a 
cast-iron main 42 in. in diameter, laid with a fall of 
6 ft. per mile. This pipe will be about 700 yards long, 
and will be led 120 yards into a tunnel, which forms 
one of the principal works to be executed. This tun- 
nel, which is now approaching completion, is being 
cut through very hard Cambrian — full of veins of 
quartz. It is 4367 yards, or nearly 2 miles, in length, 
and is 8 ft, high by 5 ft. wide, the fall being 4 ft. per 
mile. It is being excavated by working right and left 
from twenty-one shafts sunk in the line of its course, 
and up to August last 3160 yards, or about 13 miles, 
had been tunnelled, the hardness of the rock and the 
quantity of water met with rendering the work tedious 
and difficult. It is on this tunnel that Mr. Low’s 
boring machines, which we have already described in 
this journal,* are being employed. Six shot holes, 20 in 
deep and 1}in. in diameter, are usually fired at each 
blast, these six holes being completed by one machine 
in about 3$ hours. The machines are worked at 
about 600 blows per minute, and the actual rate of 
boring is about Lin. per minute, the remainder of the 
time being oecupied by changing the tools, shifting the 
machine, &e. ‘Two chisels are used for boring each hole, 
the first 9 or 10 in. being bored by a rose tool having two 
chisel edges at right angles to each other, and the re- 
mainder with a chisel tool having the cutting edges 
formed to three bevels slightly inclined to each other 
in both directions. ‘The tools require regrinding after 
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the completion of one hole. The chisels are not with. 
drawn for the purpose of clearing the hole, the latter 
being kept free from loose material by a water jet 
directed into it. Before firing the charges the ma. 
chines are run back upon their tramways to a place of 
safety, the distance that they are thus removed yary- 
ing with the progress ofthe work. The rate of advance 
of the tunnel where the machines are employed is from 
6in. to Sin. per day, the rate at which the holes 
can be bored by the machines being from five to eight 
times as fast as they can be by hand-labour, whilst the 
saving in tools is very great. 

A relieving tank and measuring weir will be con- 
structed at the lower end of the tunnel, the surface of 
the water in the tank being 606 ft. above ordnance 
datum. From this tank the water will be led by a 
33 in. main to the distributing reservoirs at Stillorgan, 
a self-acting stop-valve being placed where the main 
joins the tank so as to prevent flooding in the event of 
a pipe bursting. The main, which is laid with an 
average falling gradient of 20 ft. per mile, passes the 
village of Newtown Mount Kennedy, where another 
self-acting stop valve is introduced, and thence along 
the coach oad through the glen of the Downs, to the 
relief tank at Kilmurray. This tank, which is about 
7 miles from the lower end of the tunnel, is circular, 
and is excavated out of a gravel bed; it is lined with 
puddle covered with pitching, and the surface level of 
the water in it is 473 ft. above ordnance datum. A 
33 in. double-acting stop-valve is placed at the end of 
the main delivering into the tank, and a self-acting 
stop-valve at the mouth of the outlet main. From this 
ok the main is again led along the road to the Kil- 
crony relief tank, a distance of 3 miles. The Kilcrony 
tank is situated on the top of the southern bank of the 
Dargle; it is excavated out of loose quartz rock and 
lined with puddle, and the surface level of the water 
in it is 414 ft. above datum, the inlet and outlet mains 
being furnished with valves as in the case of the Kil- 
murray tank. The main is next carried for a distance 
of 33 miles to the Rathmichael relief tank, passing on 
its way under the Dargle and Cookstown rivers. The 
Rathmichael tank is square, and is excavated out of 
the rock and puddled. It is situated just on the junc- 
tion of the granite with the clay slate, the tank being 
cut partly out of the one and partly out of the other; 
the vow of the contained water is 341 ft. above datum, 
and the entering and issuing mains are furnished with 
similar valves to those applied in the other tanks. 
From Rathmichael the main is continued to the dis- 
tributing reservoirs at Stillorgan, a distance of nearly 
4 miles, its course being partly along the Wicklow 
Railway. A self-acting valve and a stop-valve are in- 
serted about the middle of length. 

At Stillorgan, which is about 16% miles from the 
lower end of the tunnel, are situated the two reservoirs 
from which the water will be supplied direct to the 
town. ‘Their area is 18 acres, and their average depth 
about 20 ft., so that they will together contain about 
90,000,000 gallons; this will form an available re- 
serve in case of an accident occurring to the line of 
mains from Roundwood. The reservoirs are 43 miles 
from the city boundary, and the level of the water in 
them will be, in the case of the upper reservoir, 274 ft., 
and in that of the lower 271 ft. aes ordnance datum. 
Both reservoirs are connected with the 33-in. main 
leading from Roundwood, stop-valves being provided, 
so that either can be used at pleasure ; a connecting 
pipe is also laid through the embankment dividing the 
two reservoirs. The valve-house and screening-chamber 
are situated near the lower reservoir. The screening- 
chamber is furnished with screens of copper wire, 
which the arrangement of valves will allow to be 
cleaned by means of a hose and jet, without interfering 
with the supply ; and into this chamber are laid mains 
from each reservoir, and also one leading direct from 
the Vartry main; the use of this latter in hot weather 
will enable the water to be supplied direct to the town 
without being exposed in the reservoirs. From the 
screening-chamber a double line of 27-in. mains extends 
to the city boundaries, a distance of 4% miles; these 
mains are furnished with air-valves at all summits, and 
seouring-valves at all depressions, and they are con- 
nected with each other at three intermediate points, 
groups of stop-valves being supplied for turning the 
water from one to the other at pleasure. 

The water supplied to houses will be charged for 
by a compulsory rate of 1s. in the pound on the rental, 
whilst that used for manufacturing purposes will 
sold by meter at rates to be determined upon. In 
Dublin, a public valuation is made of all property, and 
the assessment is, on the average, 25 per cent. below 
the rental actually paid; the charge of 1s. above men- 
tioned is therefore really only equivalent to 9d. in the 
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pound—an exceedingly reasonable charge. The whole 
management of the water supply is in the hands of the 
corporation. The information respecting’ the’ Dublin 
Waterworks, contained in the present notice, has been 
obtained principally from a paper “On the Dublin 
Corporation Waterworks,” read byMr. Parke Neville, 
the engineer to the corporation, before the: Institution 
of Mechanical Engineers, on the occasién of. their 
meeting at Dublin, in August last; partly from a paper, 
“ On a Rock-boring Machine,”’read-by Mr. George Low, 
at the same meeting, and partly from the discussions 
which followed these two papers” 








Rauway BRIDGE OVER THE Tay.—The project of bridging 
the Firth of Tay at Dundee has been entertained for a consider- 
able time by the North British Company, as a necessity in the 
completion of an. east coast trunk line, Hitherto the North 
British has suffered seriously from the breaks in its line, caused 
by the Firths of Forth and Tay, the one runping inland from 
the German Ocean about 60 miles to near, Stirfte , and the 
other about 30 miles to near Perth, The crossing of the Forth 
at Queensferry, and of the Tay at Broughty, by boat, has always 
operated most injuriously upon the interests of the North 
British, and has diverted much of its traffic inwards to a cir- 
cuitous route, vid the Scottish Central. At present, passengers 
between Dundee and Edinburgh, travelling by the ferries, have 
to make.repeated changes of carriage, which the North British 
Company are anxious to avoid by bridging the two Firths ; and 
in doing so, to secure not only an unbroken and direct line to 
the north, but also to accommodate a prosperous district, in- 
ciuding the thriving manufacturing town of Dunfermline, from 
which they may reasonably expect to derive a Jarge amount of 
goods and passenger traffic. The journey between Edinburgh 
and Dundee, it may reasonably be expected, will be accomplished, 
by a continuous direct line, in half the time it now takes by the 
intercepting ferries. In the session of 1863 there were two 
schemes for bridges across the Forth before Parliament, one by 
an independent company and the other by the North British. 
The Board of Trade reported unfavourably upon both schemes, 
but in last session the North British project for a bridge across 
the Forth was resuscitated, and Mr. Bouch’s magnificent viaduct 
—so splendidly ‘‘illustrated,” as we remember, in the Referees’ 
Court and the Committee-rooms — received. | Parliamentary 
sanction. In the same session, it may be remembered, the pro- 
ject of a bridge across the Tay—the proper supplement to the 
Forth bridge—was also before Parliament, but, was withdrawn 
by the promoters on account of the insufficiency of the estimates 
—180,0002 The experience of last session has not been thrown 
away upon the promoters, who reappear in this, and,’so far as 
they have gone, have good reason to hope for a favourable issue. 
The Tay Bridge has passed successfully the ordeal of the 
Referees’ Court, and Mr. Hankey, the chairman, reports that 
there are no engineering objections to the scheme, and that the 
estimates are sufficient. Mr. Hankey reports that the object of 
the railway No. 1 is to connect the North British system of 
railways south of the Tay with Dundee by a bridge instead of 
the present ferry at Broughty. According to the deposited 
plan, the bridge was to have had two spans of 300 ft. each, fifty- 
three spans of 200 ft. each, and thirty-eight spans of 100 ft. 
each. “ The Board of Trade objected to this mode of construc- 
tion, and it is now proposed to build the bridge with side spans 
of 120 ft. each, and eighteen of 200 ft. each, with a height of 
102 ft. to 110 ft. in the clear from high water. No. 1 railway 
terminates at the north side of the estuary of the Tay, near to 
the line of the Caledonian Railway, but 16 ft. higher, and with- 
out forming a junction with it. We may mention, in connexion 
with great bridges recently constructed or authorised, that Mr. 
Fowler’s great Severn viaduct is 12,393 ft. long, including the 
shore ends; Mr. Bouch’s bridge over the Forth will be 10,550 ft., 
his Tay bridge about 8000 ft.; the Victoria bridge, Canada, is 
6085 ft., the Menai (tubular) 980 ft., the Runcorn 900 ft., and 
the Saltash bridge 468 ft.—all, excepting the Severn viaduct, 
being the widths over high-water mark.—Railway News. 

DrivING-wHEEL Tyrrs.—We have for some years been 
personally familiar with the mode of applying engine tyres to the 
driving wheels as practised by Mr. George S. Griggs. locomotive 
superintendent of the Boston and Providence Railway, U.S. 
The tyres are seated on blocks of wood placed in the rim of ,the 
wheel, and the result has been so beneficial in prolonging the 
life of the tyres that it has been adopted on several of the 
American lines. Mr. Griggs originally shrunk on the tyres hot, 
quenching them the moment they took a hearing upon the wood, 
but it appears by the following from the American Railway 
Times, that he now puts them on cold: ** The wheels are of cast 
Iron, cast with dovetailed recesses on the outer rim, and the 
tyre is turned out so as to slip easily over the whole. After the 
wheels are fastened on the axle, the tyre is let down over the 
wheel and a quantity of wooden blocks, abont 3 in. wide, 1} in. 
thick, and a little longer than the width of the tyre, and placed 
in the recesses between the wheel and tyre, and driven 
down carefully by a sledge hammer until the requisite strain is 
attained. These wooden blocks are made of temmahh sea- 
soned walnut or elm. When once driven home they hold the 
tyre so firmly in place that there is no necessity for otherwise 
securing it, though there is no objection to other fastening if it 
is desired. The time occupied in putting on one of these tyres 
Was about twenty minutes, and only three men were required to 
do the entire work. All tyres on the Boston and Providence 
road have thus been fastened for the year past, and in no case 
have they become loose, and in no case has a tyre been broken 
since the introduction of the wooden blocks between the tyre and 
Wheel, now between eight and nine years. This freedom from 
breakage of tyres is due to the slight elasticity given by using 
the Wooden blocks; and this improvement of Mr. Griggs, when 
its merits become fully known, will be adopted on every road ‘ih 
the United States, and his method of putting on tyres without 
shrinking by heat will likewise be adopted. Master mechanics 
Will appreciate these improvements, at once so inducive to 
economy of time, simplicity, and safety from fracture. Either 
steel or iron tyres can be thus treated, and Mr. Griggs has both 

running which were put on in the same way. 


| PAPER FROM WOOD, 

THE American Artisan. describes the:recent manufacture of 
white paper from wood as “ one of the most important steps ever 
‘“‘made in the progress of those arts: which havé the greatest 
“influence in promoting human civilization.” 

The largest establishment in the world for the manufacture of 
wood paper pulp is that of the American Wood Paper Company, 
at Manayunk, Pennsylvania. These works, covering ten acres 
of land, are now capable of producing daily from ten to twelve 
tons of wood pulp. This pulp is now being manufactured into 
excellent white printing paper. These works cost half a million 
dollars, and the investment in them and the paper mills worked 
in connexion with them is over a million. At the Flat Rock 
Mills there are straw pulp works, of a capacity to produce daily 
from seven to eight thousand pounds of straw pulp, a certain 
proportion of which it is found advantageous to mix with the 
wood pulp. The daily production of paper from these wood and 
straw pulp works and the paper mills run in connexion with them 
will be fully thirty thousand pounds. 

The process by which the wood, after being cut into chips, is 
reduced to pulp, consists in boiling the wood chips in a strong 
solution of caustic alkali, under pressure in closed boilers, from 
which the pulp is discharged into expanding-chambers, in which 
it is partly drained, and whence it is afterwards discharged into 
wagons in which it is further drained before being taken to the 
bleachery, the discharge from the boilers and expanding tanks 
being effected by the pressure of the steam above it. The pulp, 
when discharged into the wagons, is of a dark greyish-brown 
colour; but, after having been drained, begins to whiten. 

It might appear that the expense of the enormous consump- 
tion of alkali involved in this process would be fatal to its com- 
mercial success, but, fortunately, no less than eighty-five per 
cent. of the alkali is recovered after every boiling, to be used over 
again with fifteen per cent, of fresh alkali for the repetition of 
the proves upon @ new supply of wood. . To recover the alkali,. 
the liquor drained from the pulp is Collected in drains under the 
floor of the boiling-house, and thence conducted by underground 
pipes to the evaporating-house, where it flows through bis oF 
rating furnaces, subject to heat both below and above. “The 
water having been evaporated in these furnaces, the recovered 
alkali is collected to be redissolved with the fresh alkali in tanks 
in a building called the mixing-house. In these tanks the dis- 

solution and mixing are expedited by revolving stirrers within 
the tanks. The evaporating-house is a large circular building, 
200 ft. in diameter, resembling the locomotive sheds at somé of 
the largest railway depéts. ‘The trains of furnaces radiate from 
> centre of the building, and all communicate with one central 
chimney. : 

The wood best suited for the manufacture of pulp is of the 
kinds which are plentiful and the least valuable for other pur- 
poses—poplar, hemlock, and white wood. It is brought to the 
works in the condition of ordinary cord-wood (i.e. cut into 4 ft. 
lengths), and it is cut into chips by two machines having cuttets 
attached to rotary disks, something like rotary straw-cutters. 
The feeding-troughs are inclined, so that the wood is cut obliquely 
to the grain. These. machines are each capable of cutting u 
between thirty and forty cords (each cord being 128 cubic feet 
of wood in twenty-four hours. The chips are received in wagons, 
in which they are conveyed to the pulp boiling-house, and from 
which the chips are deliyered by mechanical elevators into the 
boilers in which the reduction into pulp is effected. The pulp 
received from the boilers is conveyed to pulp engines like those 
employed for the reduction of rags, and, after having been 
worked in these engines, is run through cleaning-machines, sub- 
stantially like what are known as cylinder paper-making ma- 
chines, but having no dryers. From the cleaning-machine the 
pulp is taken to the bleach-house, and after being bleached is 
fit to be made into paper in the same way as any other pulp. In 
the Flat Rock Paper Mills the wood pulp has mixed with it 
about twenty per cent. of straw pulp; this mixture making a 
better paper than the wood pulp alone. The paper made at 
these mills is of a quality suitable for ordinary newspapers, and 
much better than is often used, and its price is three cents per 
pound less than paper of equal quality made from rags. 








Messrs. NEILSON AND Co.’s Locomorives IN InpDIA.—At 
the recent half-yearly meeting of the Madras: Railway share- 
holders, the chairman remarked, with especial satisfaction, upon 
the advantages which the company tiow d in the work- 
ing of an improved class of goods-engines upon their line. So 
many questions have reached us with reference to these engines, 
that we have obtained permission to make the following extract 
from a report of the engineer as follows: “ The first four of the 
new 17-in. cylinder-engines arrived in Madras in August last, 
and as soon as they were put together and tried, they were 
started to work trains on the heaviest portions of the line, t.¢., 
the Coimbatore and Coopum Ghauts. The four engines are 
made by Neilson and Co., of Glasgow, and have been giving 
great satisfaction. They work sixteen loaded vehiches up the 
ghauts, the maximum load of the 16-in. cylinder-engines being 
eleven vehicles. With the latter engines we had three trains 
a day each way between Coimbatore and Palghaut, and these 
are now reduced to two trains each way daily, being worked by 
the new engines. These engines are also very economical in con- 
sumption of fuel, whether with coal or wood, and whilst they 
possess great and rapid steam-generating capabilities, manifestly 
make use of their steam to the — advantage, as, from ex-~ 
periments made, I find that with loads of sixteen vehicles they 
used very little more water than the other engines with a load 
of eleven vehicles only. Their consumption of fuel gives results 
closely approximating to those of the consumption of water, 
there being but very little more fuel used in hauling sixteen 
vehicles with these engines than in hauling eleven with the 16 in, 
cylinder engines.” 

Tue ‘SPECIFICATIONS OF PArENTS,—In reply to\Mr, D. 
Griffith, the Attorney-General stated the other evening in the 
House of Commons that the printing of the specifications of 
patents had been in arrears in consequence of the number of 
clerks being insufficient,{but the numbers had now been increased, 
and the arrears would be wiped off in the course of three or four 





THE ROLLING-MILL ENGINES AT DOWLAIS. 


THE pair of non-condensing engines of which we give an illus- 
tration on page 326, are those employed for driving the machinery 
at the great mill at Dowlais, a mail erected for the purpose of 
rolling beam and other iron of great lengths and large sections, 
The framing of the mill rests, without being attached to it; upon 
a floor of oak 6 in. thick; this floor being laid upon a founda- 
tion formed by excavating down’ to the solid mine ground and 
filling ‘up the excavation with rough blocks. of limestone, ‘the 
spaces between the blocks being filled up with concrete, ‘The 
framing itself .consists, as will be ‘seen by tire illustration, of top 
and bottom cast-iron girders about 2 ft. 6 in. deep, connected by 
frames or“ crosses” also of cast iron, the vertical distance be- 
tween the girders being 6 ft. The ends of the ‘t crosses” fit 
loosely into jaws of a dovetail shape, cast on the girders, the 
spaces between ‘the jaws andthe ends of the crosses being 
blocked with dry‘English oak, and wedged with iron. Thesame 
method. of fastening is adopted for connecting ‘many other 
— of the framing, the pieces being put together just'as they 
eave the foundry, without: any fitting, The engines and 
machinery are supported by four lines of longitudinal ‘framin 
constructed. in the manner just described, these longitudin 
frames being connected at thé ends by cross frames of similar 
construction. 

The cylinders of the engines are each 8 ft. 9 in. in diameter, with 
10 ft. stroke, and ‘are upon ‘bedplates secured in dovetail 
jaws, and firmly bolted to the framing.’ ‘The’ slide valves 
are of the ordinary kind, and gridiron expansion valves, moved 
by cams on the crank shaft, are placed on the back of the valve 
chests. The upper framings of the engines are pc eg by 
fourteen massive columns secured to the top girders of the lower 
frames by bolts and dovetail jaws. .On the upper framings are 
placed the pedestals for the main bearings of the engine beams ; 
these pedestals are made with solid covers, the top brasses being 
keyed down upon the bearings as shown in the engraving, The 
engine beams are of cast iron, and have unequal arms, the stroke 
of the crank shaft ends being reduced to 9 ft.; the piston rods 
are connected to them by the usual arrangement of P enerel mo- 
tion. The connecting rods are of English oak, bound by wrought 
iron straps and fitted with filling pieces of cast iron at each 
end, these filling pieces being firmly secured by keys and fur- 
nishing a solid Soe for the brasses, The crank pins are of 
wrought iron, and are inserted in cast-iron cranks secured upon 
the crank shaft by blocks and wedges. 

The crank shaft, which is of cast iron, is hollow, and carries a 
] spur wheel 25 ft. in diameter, having 120 teeth, 2 ft. wide 
and 8 in. pitch ; this wheel gearing into a pinion 6 ft. in diameter 
fixed upon the flywheel shaft The rim of the large spur wheel 
is formed in ten segments, these being united to the centre 

jiece, which is blocked and wedged mpon the crank shaft, by 

n arms attached to the segments by Feretail jaws and blocking, 
and to the centrepiece by blocks and bolts. The flywheel shaft, 
like the crank shaft, is of cast iron, and hollow; it carries, in 
addition to the pinion already mentioned, two flywheels, each 20 ft. 
in diameter, The rims of these wheels are 12in. square, and 
are each in one piece; they are connected with the bosses of the 
wheels by arms, of which there are six to each wheel, secured 
in the same manner as those of the large spur wheel. The feed 
pumps are worked by a fod attached to each engine beam at a 
point between the piston rod and the main centre. The engines 
are worked with steam at a pressure of 50 lb. per square inch, 
supplied by six Cornish boilers. These boilers are each 46 ft. 
long by 7 ft. in diameter, and have single flues 4 ft. in diameter. 
They are placed at a higher level than the engines, and at a con- 
siderable Satare from them, and are heated by the waste gases 
from the blast furnaces, which are situated about 700 yards 
from the : 

An extension of the flywheel shaft on one side of the engines 
drives a set of ordinary rolls for rolling slabs, rails, or heavy angle 
irons ; these rolls making 100 revolutions per minute, and turn- 
ing out 80 tons of iron in twelve hours when required. A simi- 
lar extension of the flywheel shaft on the other side of the engines 
works a mill, designed for rolling heavy girders and difticult 
sections, it being capable of turning out H iron from 10 in. to 
12 in. wide, in 50 ft, Jong, and wider sections in propor- 
tionate lengths, When employed in making bars of thin section 
these rolls are run at 100 revolutions per minute. The flywhee 
shaft also-drives by means of bevel gearing other shafts running 
at right angles to it, these shafts being connected with other 
shafts working two bier mills, a flattening mill, two heavy 
hammers for hammering rail piles, the straightening machinery 
for finishing rails, the shears and punches for angle and other 
iron, together with the sawing and other machinery. Our illus~ 
tration and the particulars above given of the Dowlais engines, 
which are good examples of the massive but somewhat rough 
workmanship usually adopted for the machinery of ironworks, 
have been taken, by the kind permission of the author and pub- 
lisher, from Dr. Perey’s valuable work on iron and steel, a book 
from which we have previously made extracts in this journal. 











Tue Institution, or Crvit Encrveers.—At the meeting 
of the members of this society on the 15th instant, Mr. John 
Fowler, president, in the chair, his Royal Highness Prince 
Alfred, iG. was elected, by acclamation, an honorary member. 
At the ordinary ballot, the last of the present -session, seven 
members and six associates were balloted for and declared to be 
duly elected, including in the former class; Mr. James Melville 
Balfour, chief of the Marine a Department, Otago, 
New Zealand; Mr. William Clarke, chief assistant engineer on 
the London and North Western Railway; Mr. James Collet, 
first-class district engineer, East Indian Railway; Mr. Henry 
Wheeler Davis, acting engineer to the Great Eastern Railway ; 
Mr. Jonathan Dickson Ikin, Westminster; Mr. Alfred Moore, 
resident engineer of the Belfast Waterworks; and Mr. William 
Smith, chief engineer of the Calcutta Waterworks; and in the 
latter class, Mr. James Henry Cotterill, Sloane-street; Mr. 
Charles Foote Gower, Westminster; Mr. James Sidney Har- 

e, Westminster; Mr. John Gillett ivenet,, Seereees to the 

al Board of Health, Ventnor, LW.; Mr. John Gordon 
M‘Kenzie, Swansea; and Mr. William Barrow Turner, Dalton- 





months. About 1500 specifications are in arrear. 
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PUBLISHER’S ANNOUNCEMENT. 
Advertisements cannot be received for insertion in the cur- 


rent week later than 7 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under 
and eightpence for each additional line. Blocks are charged 


at the same rate for the space they occupy. Permanent 
advertisements are taken at special rates, which will be given, 
on application. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 
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THE INSTITUTION OF CIVIL ENGINEERS.—Tuesday, May 22nd.— 
No Meeting, being Whit-Tuesday. 
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A STATESMAN’S OPINION. 


THE fame of Mr. Lowe, as a statesman and orator, 
is such as to give value to his opinion of our profession 
—an opinion given in his speech at the recent dinner of 
the Institution of Civil Engineers. Mr. Lowe repre- 
sents the best informed order of modern thought, and 
he represents those upon whom the full recognition of 
engineering among the highest powers of the realm 
may be said to depend ; for the time has been—and it 
is not so long since either—when engineers had to 
complain that they were not publicly recognised in pro- 
portion to their merits. They are, it is to be admitted, 
mostly self-made men, and we must further remember 
that they are not what are popularly regarded as “ men 
of education ;” in other words, they are not men read 
in the classics and belles lettres, nor skilled in the 
higher walks of philosophy, nor trained to the nicer 
modes of expression. Their tasks take them among 
navvies, and miners, and stone-cutters, and bricklayers, 
and joimers, smiths, and carpenters; and thus they 
carry with them, perhaps, just the least odour of 
the coal-pit, the ditch, the forge, and the workman’s 
bench. But it is as mind acting upon and directing 
matter that engineers deal with earth and stone, 
and coal and iron; and Mr. Lowe, addressing the 
Civil Engineers of Great Britain, in the presence of 
our future king, and with princes and noblemen about 
him, could unaffectedly express their, as well as his 
own, “sincere esteem and admiration” for the great 
representative body of our profession. Ours was the 
youngest of the professions, but it had contrived to se- 
cure to itself the best inheritance of them all. We had 
inherited a study of unlimited extent and development, 
the study of nature, and the art of directing it and ap- 
plying it in every form to the uses of mankind. e 
were the heirs of all ages. These, of course, are ex- 
pressions agreeable to the ear, but they are not mere 
empty sentiments. So far as there is honest meaning 
in words, they are true. Nothing is more unprofes- 
sional than to undervalue one’s profession, and we 
should do so did we admit less than Mr. Lowe was 
willing to give us. The engineer who is born to his 
work, and with whom constructive science is intuitive, 
may be ready to say of the best combinations of his art, 
“that is only common sense applied to the purpose ; 
“there is nothing wonderful about that.” But almost 
everything in engineering is wonderful out of it, 
and it is the duty of engineers to remember that we 
are not a numerous body as compared with other 
professions. To the vast majority of mankind the 
construction of a bridge, or a railway, or a steam 
engine is wonderful, because, trained as they have 
been, they do not, and probably could not be 
made to understand all the principles upon which it is 
constructed. Even if they lane a popular knowledge 
of natural philosophy, of statics, and of steam, but few 
can comprehend the great combination of skill requisite 
to practically carry out a complete work of the kind. 
And, besides this, the works of engineers, while they 
are wonderful, possess a positive value of which it is im- 
— to.estimate the extent. Neither doctors nor 

wyers, nor poets nor painters, could ever make a 
nation rich in material wealth. The engineer, on the 
contrary, so that he exercises sound judgment as to 
what works he may have to design will be productive, 
directly adds to the wealth of the country, and this 
more especially where his works involve new princi- 
ples, which not merely cheapen carriage, but cheapen 


engineering—not that shallow invention which 
an 


in describing our profession as dealing 


that branch of civil en 
neering that the waa 


with “the inscrutible laws of nature.” Mec 


which may be 


nufacture, and the later discoveries in steel-making, 
the steam engine, the railway locomotive, steam navi- 
ae the telegraph, the steam plough, and number- 
ess others. Itis in their wonderful results, and their 


engineering possess such a hold upon public admira- 
tion, although we by no means desire to lessen that 
due to those great works of construction, our har- 
bours, piers, river embankments, bridges, lighthouses, 
&e. e desire to say no more than that while Mr. 
Lowe’s tribute to our profession is fully justified, we 
are certain that he paid it in perfect sincerity, and that 
it may be taken as representing the opinion which, of 
late years, has prevailed, with respect to engineers, 
yas the highest as well as the best-informed 
classes. 








EXAMINATION OF CIVIL ENGINEERS 
FOR INDIA. 


Ir has for some months past been regularly adver- 
tised in various daily and weekly papers, that a com- 
petitive examination of candidates for junior appoint- 
ments in the engineer establishment of the Depart- 
ment of Public Works in India will be held at the 
India-office, in London, in July next. The conditions 
for admission to the examination are as follows : 

Candidates must be British subjects, and must not 
have passed their twenty-fourth birthday Aas proof of 
which a satisfactory certificate must be produced) ; and 
they must either have passed not less than three years 
as articled pupils of a civil, mechanical, or mining en- 
gineer, or not less than three years in practice under 
an engineer; or not less than three years altogether, 
of which part may have been passed in practice under 
an engineer, and part in rig civil, mechanical, 
or mining engineering in a school or college recog- 
nised by the Secretary of State for India as possessing 
an efficient class for instruction in one or other of 
those professions, with the proviso that one year at 
least of the three must have been passed in practice 
under a civil, mechanical, or mining engineer. 

Satisfactory certificates on these points, together 
with testimonials of good moral character and conduct, 
from the engineers or professors under whom they have 
been, must be delivered at the Department of Public 
Works in the India Office between the 1st and 30th 
days of June next, during which period only will ap- 
plications be received. 

Those candidates whose certificates are satisfactory 
will be directed to appear for medical examination be- 
fore the Indian Medical Board, on Saturday, the 7th 
July, between the hours of one and three P.m., when, 
if certified to be constitutionally fit for service in India, 
they will be required to attend at nine a.M., on the 
succeeding Monday and five following days at a com- 
petitive examination to be held at the India Office. 

The subjects of examination and the maximum num- 
ber of marks obtainable for proficiency in each class 
of subjects will be as follows : 

Writing English from dictation with accuracy and 
facility. Any candidate failing in this will not be per- 
mitted to remain during the subsequent examination. 
Arithmetic, mensuration and trigonometry, including 
heights and distances ; algebra, elementary principles ; 
simple and quadratic equations, surds, ratios and pro- 
portion, arithmetical and geometrical progression, 
combinations, and the binomial theorem. Fuclid, lst, 
2nd, 3rd, 4th, 6th, and first twenty-one propositions 
of the 11th book.—220 marks. 
Statics: composition and resolution of forces, the 
centre of gravity, the mechanical powers, roofs, arches, 
and bridges, strength of materials and friction. Dyna- 
mics: first principles, collision of bodies, uniformly 
accelerated motion, circular motion and centrifugal 
force, labour and machinery. Hydrostatics and 
bydraulics: pressure of fluids, specific gravity and 


equilibrium of floating bodies, elastic fluids, and atmo- 





production itself. Invention is the highest order of 
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ends in mere scheming, often in opposition to fixed 
principles, but that kind of invention which both ger- 
minates and matures great discoveries. It is this 
order of engineering to which Mr. Lowe would refer 
i with the in- 
scrutible laws of nature. We must own that it is from 
ineering called mechanical engi- 
has reaped the greatest advan- 
tage, and it is that branch which more especiall — 
invention, developed by system and order, has grown 
into great and productive works or processes, each of 

sheesh considered to represent a science 
in itself, as that of textile manufactures, the iron ma- 


beautiful fitness for their purpose, that these works of 


roads, and other engineering works; making working 
drawings of machinery and plans, elevations and sec- 
tions of bail ings ; , ironwork, and proper- 
ties of materials in general; free han ing, map- 
drawing, and framing of estimates and specifications 
from given plans and data.—360 marks. 

Surveying: trigonometrical surveying and travers- 
ing with the theodolite; land —s with compass 
and chain, and plotting from a field book ; levelling, 
and use of the instruments employed; and geometrical 
drawing.—240 marks. 

No candidate will be passed who shall not obtain 
600 marks, of which not less than 200 must be 
awarded for mathematics, not less than 180 for engi- 
neering, and not less than 100 for surveying. The 
candidates who may obtain the prescribed mmimum 
number of marks will be ranked in the order. of the 
numbers they may severally obtain, and of these the 
ten who stands highest on the list will. be appointed 
“assistant engineers of the third grade,” each ona 
salary of 17/7. a month, payable from the date of ap- 
pointment, and will be considered to be on probation 
for the first twelve months. Kach successful candi- 
date must sign covenants within a month of his nomi- 
nation, and embark for India when required to do so 
by the Secretary of State, who will provide for the ex- 
penses of his passage. 

The papers given at former examinations have been 
rinted by order of the House of Commons, and may 
i obtained from Messrs. Hansard, of Great Queen- 
street, Lincoln’s-inn-fields. 

The examiners last year were, Rev. J. Cape, A.M., 
F.R.S., G. P. White, Esq., C.E., and Major-General 
A. Goodwyn, R.E. The two former gentlemen will 

robably act as examiners again this year ; but we have 
Cems informed that General Goodwyn’s state of health 
will prevent his again acting in a similar capacity, and 
that Major C. D. Newmarsh, R.E., will probably take 
his place at the forthcoming examination. 








PHOSPHORUS IN IRON. 


In Enorneerine of March 30th last, page 211, we 
noticed Mr. Wintzer’s recent patent for the removal 
of phosphorus from iron, by the introduction of chlo- 
ride of calcium in the blast furnace, or in the Bessemer 
converter. Should Mr. Wintzer’s treatment answer 
his expectations, it will render available for the Bes- 
semer ‘process an extensive class of the cheaper irons, 
which at present are wholly unsuited to it. Experi- 
ments have been lately made at Sheffield, under Mr. 
Wintzer’s own superintendence, and although we can- 
not yet give the results of the analyses of the metal 
produced, we may mention some matters of importance 
to those who may be inclined te make experiments 
upon the action of chlorides upon iron. 

To a ton of iron, known to be largely contaminated 
with phosphorus, a charge of 14 cwé. of chloride of 
calcium was weighed out to be added in the converter. 
Our readers will not confound chloride of calcium with 
chloride of lime, lime being the oxide of calcium. We 
may, too, say a few words of the present production of 
chloride of calcium, as it is coming inic use in various 
ways, and especially in the manufacture of artificial 
stone. Until lately it was a waste product in the soda 
manufacture. In order to obtain carbonic-acid gas 
for the manufacture of carbonate of soda, lime is 
treated with hydrochloric acid, and as the gas is 
evolved the liquid chloride of calcium runs off. ‘This is 
now evaporated, and costs, we believe, about 2/. 5s. per 
ton of crystals, although the manufacturers state that 
this does not more than cover the bare cost of evapo- 
ration. In the crystal the chloride contains a pro- 
portion of water of crystallisation, or what is lite- 
rally solid water. A portion of this may be eva- 
porated at a moderate heat, and before placing 
a charge of the chloride in the Bessemer converter, 
a charge contaming probably 30 lb. or 40 lb. of water, 
it was submitted to a heat at which some of the water, 
at least, was driven off. But it is known to chemists 
that various hydrated substances give off their water 
of crystallisation only under a very high heat, and the 
effect of even a gallon or two of ‘water’ being instan- 
taneously liberated in the midst of a ton of iron ata 
temperature of 4000 deg. or so may be imagined. It 
would undoubtedly act much like an equal weight of 
gunpowder, In the experiment at Sheffield, it had 
occurred tothose engaged in it, that possibly the ganister 
lining of the converter might decompose the chloride at 
the high temperature employed, thus forming silicate of 
lime, and destroying the converter and wasting the 
charge. To test this point, a quantity of chloride of 
calcium, which had been previously subjected to heat, 





spheric pressure, hydrostatic machines.—180 marks. 
Engineering: projects for bridges, locks, dams, 


was placed in a ganister melting-pot, which was covered 
and put over a coke fire. By the time the whole had 
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attained a high heat, the lid of the ‘pot was violently 
blown off, this result being due to the sudden libera- 
tion, at a high temperature, of a further quantity of 
water of crystallisation. The discovery of this unex- 
pected danger of course led to proper precautions being 
taken with respect to the chloride then about to be put 
into the converter. 

As to the results of the application of chloride of 
calcium to phosphorised iron, we may say that the iron 
requires prolonged blowing, and that for nearly half 
an hour no flame appears, although a great disengage- 
ment of chlorine gas goes on. This gas is much heavier 
than air, and its pungent and suffocating character 
renders it anything but a pleasant accompaniment to 
the Bessemer process. 


VENTILATION OF THE HOUSES OF 
PARLIAMENT. 

So much discussion has recently taken place as to 
the efficiency or non-efficiency of the system adopted 
for warming and ventilating our Houses of Parliament, 
that we have little doubt but that an account of the 
arrangements actually in use will be interesting to 
many of our readers. The general system of venti- 
lation employed is that of admitting fresh air at or 
near the floors of the various chambers to be ventilated, 
and withdrawing the vitiated air by means of openings 
in the ceilings, the necessary exhaustion being Ghtained 
by placing the outlet passages in communication with 
upeast shafts situate at different parts of the buildings. 
In the case of the House of Lords, however, there is 
a slight departure from this general system, the air 
from that part of the House without the bar being 
drawn downwards, so that there is always a current of 
air rising through the floor of that portion of the House 
in which the Peers sit, and thence flowing, partly 
through openings in the ceiling, and partly over the 
bar and into the downcast passage alluded to. By this 
means a current of air is x ma flowing outwards over 
the bar, and any emanations arising from the crowd 
sometimes standing at the bar are prevented from enter- 
ing into the chief parts of the House. In the House of 
Commons an arrangement is also supplied by means of 
which a portion of the air can be eo. va downwards 
if it is desired to do so, but this is seldom employed. 

The air supplied to the various rooms is heated by 
means of steam pipes, these pipes being supplied with 
steam by boilers situated below the ground level. The 
boilers, of which there are ten, are of the single-flued 
Cornish class, and four of them are generally in use at 
one time. Of these, two are worked at a pressure of 
4\b., and two at a pressure of frow 10 to 14Jb. per 
square inch. The Poilers are arranged in two rows, 
five in each row, the firing space being between them. 
The castings forming the mouthpieces of the furnaces 
project beyond the fronts of the boilers, and from the 
top of each of them a rectangular shaft or spout, about 
2 ft. by 6 in., extends to the floor above. These spouts 
are filled with coal, and are each furnished with a 
sliding valve, on the withdrawal of which a charge of 
coal is delivered upon the dead plate of the furnace 
with which the spout is connected. The arrangement 
appears to work well, and enables the boiler-room to be 
kept much cleaner, and more free from dust, than 
would be possible if the ordinary mode of firing was 
adopted. In consequence of a groundless report 
having been raised during the last parliamentary ses- 
sion, that the boilers had not been thoroughly ex- 
amined for a considerable time, and that they were 
situated immediately under each of the Houses of Par- 
liament, much uneasiness was excited, and a question 
on the subject was put in the House of Commons to 
the First Commissioner of her Majesty’s Works and 
Public Buildings. The answer was to the effect that 
there was no cause for alarm, but, since that time, in 
order to guard against any danger that might arise 
from the want of sufficiently careful skilled examination, 
the boilers have been placed under the inspection of the 
Manchester Association for the Prevention of Steam 
Boiler Explosions. Each boiler is insured against ex- 
plosion to the amount of 300/., and js inspected three 
times annually. Since the boilers have been placed in 
charge of the Manchester Association, each of the flues 
has been strengthened by the application of a couple of 
angle-iron rings, and alterations have also been made 
in the safety-valves and water-gauges. 

There are three principal chambers in which the air 
is warmed, one situated under the great central hall, 
one under the House of Lords, and one under the 
House of Commons; and in addition to these, there 
are anumber of smaller cells, where the air is heated 
on its way to the committee rooms, &c., when required. 
There are also coils of steam pipes in some of the 





rooms. themselves, as well as some cooking arrange- 
ments in the kitchens, also heated by steam. In the 
chamber under the central hall, the air is heated by a 
number of plain cast-iron steam pipes, return pipes 
leading the condensed steam back again to the boilers. 
At one time the air was forced into this chamber by 
means of large fans, this arrangement being due to 
Dr. Reid. These fans were, however, removed by 
Sir Goldsworthy Gurney, by whom the greater part of 
the system of ventilation now in use was planned, and 
the indraught of air which now takes place into the 
chamber is merely that due to the exhaustion caused 
by the eseape of the heated air from the upper part of 
it. The pair of engines by which the fans were driven 
still stand near the boilers; now, however, they are 
only employed for working a centrifugal pump, which 
is intended for use in case of the boiler-room being 
accidentally flooded by the influx of water from the 
Thames. Such an accident has occurred once or twice, 
the level of the boiler-room floor being considerably 
below high-water mark. The warmed air escapes from 
the heating chamber we have just mentioned, through 
an opening in the roof, and is admitted, by means of 
gratings in the floor, into the great central hall above, 
from which it distributes itself through the various 
passages of the building. 

The air-heating chamber belonging to the House of 
Lords extends under nearly the whole length and 
breadth of that House. Down each side of it, for its 
entire length, is placed a screen formed of coarse 
canvas stretched on wooden frames, these screens 
having doors formed in them by means of which access 
can be obtained to the chamber. The screens are 
found to filter the air from a large quantity of soot and 
dust. Outside the screens, and at a distance of about 
6ft. from them, are placed, in arches formed in the 
walls of the building, lines of folding doors furnished 
with adjustable louvres at the lower part of them. By 
these series of doors the heating chamber is separated 
from the Peers’ court on the one side and the State 
Office court on the other, the quantity of air admitted 
into the chamber being regulated by opening or closin 
the louvres. At one time the doors were es 
with louvres, the regulation of the supply of air being 
effected by opening or closing the doors themselves ; 
the louvres have been added by Dr. Percy, and are 
found to give the power of more accurate adjustment 
than was before obtainable. In the hot weather the 
doors, even although they are provided with louvres, 
will be set ajar or open; and to prevent the intrusion 
of persons from the courts when this is the case, it is 
proposed to erecta line of light iron palisading in front 
of them; this will also allow of the water jets (which 
will be described directly) being placed outside the 
doors. Outside the screens, and between them and the 
doors, are placed lines of water jets, these jets project- 
ing at right angles to the screens at about the middle 
of their height, and each jet terminating in a nozzle, 
having a bore of little more than yy in. in diameter. 
Opposite each nozzle, and at a distance of about } in. 
from it, is placed a “ spreader” or small dise about } in. 
in diameter, supported by a light arm from the top of 
the nozzle. The water issuing from the jets strikes 
against these spreaders, and is diffused in the form of 
a sheet of fine mist parallel to the surfaces of the 
screens. These series of jets are only used in summer 
time, when the air used for ventilation requires the 
addition of moisture. It is, as we have already men- 
tioned, contemplated by Dr. Percy (in whose charge 
the whole of the lighting and warming arrangements 
of the Houses of Parliament now are) to remove them 
to the exterior of the lines of doors, as their use in 
their present situation floods the heating chamber with 
water, a state of things which Dr. Percy does not con- 
sider to be desirable. The jets are supplied with water 
under a head of about 50 ft. After passing through 
the louvres, then past the water jets (when these are 
in action), and afterwards through the canvas screens, 
the air comes in contact with the heating apparatus 
contained in the chamber. This consists of four lines 
of steam pipes raised about 1 ft. above the floor, each 
line of pipe having on it fourteen “ Gurney’s batteries,” 
as they are called. Each of these batteries consists of 
a number of rectangular zine plates, soldered to the 
steam pipe which passes through the centres of them, 
at a distance of about § in. apart, and each battery is 
srovided with a cover of brown holland, which can be 
frid over it when its heating powers are not required. 
The efficiency of these light holland covers is very re- 
markable; they are merely laid over the batteries, and yet 
seem to form an almost perfect shield against radiation. 
We have said that there are four lines of steam pipes 
in the chamber ; generally, however, steam is admitted 
to two of these only—the two nearest the screens—the 








central pipes being only required in extremely cold 
weather. The amount of heat imparted to the air is 
regulated, in. accordance with the indications of the 
thermometers in the chamber and in the House, by 
uncovering a greater or less number of those batteries 
which are situated upon the lines of pipes throngh 
which the steam is passing. From the heating chamber 
the air passes through openings in the ceiling into the 
mixing chamber above, which is immediately beneath 
the floor of the House ; and in this chamber the currents 
of air from the various parts of the heating cham- 
ber become mingled, and an uniform temperature is 
thus obtained. The air then passes through gratings 
in the floor, covered by hair cloth, into the House 
itself, the temperature at which it is thus admitted 
being generally about 64°. 

The general arrangement of the warming and mixing 
chambers under the House of Commons is similar to 
that of those under the House of Lords, which we have 
just described, the air being admitted through doors 
opening into the Star and Commons courts respect- 
ively. The inlets are, however, much more limited 
in area than those of the House of Lords, and this 
renders it more difficult to secure an uniform velocity 
of the currents of air and to prevent drafts. In the 
lower air-chamber of the House of Commons some of 
the “‘ Gurney’s batteries” are placed one above the other 
outside the screens, and close to the louvres of the 
outer doors; the arrangement of the water jets is the 
same as for the House of Lords. The openings in the 
roof of the lower chamber through which the air passes 
into the upper or mixing chamber are covered by 
moveable canvas screens raised a short distance above 
the floor of the latter ; the air is compelled to pass out 
under the edges of these screens, and the various 
currents are thus better mixed than they otherwise 
would be. From the mixing chamber the air passes, 
at an average temperature of 63°, through gratings in 
the floor, into the House of Commons, the gratings 
being covered by twine netting or carpeting instead 
of by hair cloth, as in the case of the House of Lords. 
The air for the supply of the committee-rooms and 
some of the other apartments is drawn from a long 
passage extending under the river front of the building. 
‘This passage communicates by doors with numerous 
chambers, which are in their turn m communication 
with the open air, each of the chambers being fur- 
nished with a water jet for moistening the air when it 
is necessary to do so. On the opposite side of the 
passage to the chambers just mentioned are situated a 
number of closets or cells, containing coils of steam- 
pipes, these cells communicating by suitable air-flues 
with the various chambers to be warmed or ventilated. 
Similar flues also lead direct from the passage, and b 
means of valves the proportions of heated and cold air 
supplied to the various rooms can be easily regulated. 
In many of the rooms coils of steam-pipes, and n some 
cases “ Gurney’s batteries,’ are placed beneath the 
window-boards, so as to counteract the cold downward 
current caused by the refrigerating effect of the glass 
in cold weather. The air is generally led into the rooms 
through openings in the skirting-boards and above the 
wainscoting, and removed through fretwork in the ceil- 
ings. Many improvements have been recently made in 
the ventilation of the various committee-rooms, but in 
some cases it is still defective. 

The total length of the steam-pipes pen ge for 
warming the Houses of Parliament is, it is said, about 
15 miles, and about 1200 cocks and valves are con- 
nected with them. In some instances the steam passing 
through the pipes is allowed to blow to waste ; but, in 
the majority of cases, it is returned to the boilers after 
condensation by return pipes laid at a suitable inclina- 
tion. As we stated in an early part of this notice, the 
exhaustion required for drawing the air through the 
various chambers and air-flues is obtained by upcast 
shafts. The two principal shafts are those formed by 
one of the turrets of the Victoria and Clock Towers 
respectively ; and, in addition to these, there are 
seven others—the Peers shaft, the Commons shaft, 
the Speaker’s shaft, the River-front shaft, the North- 
end shaft, the West-front shaft, and the Black Rod 
shaft. In the two main shafts coke fires are used for 
the special purpose of causing an eee current, and 
furnaces have also been now erected at the bottoms of 
the West-front and Black Rod shafts. In the other 
shafts the ventilating current is caused by the heat 
radiated from the smoke-flues, which are of galvanised 
iron, and are led upthem. Coke fires are maintained 
within these terminal vertical portions of the smoke- 
flues, in order to increase the draft. Some years 
ago, Sir Goldsworthy Gurney employed the steam jet 
for increasing the draft in the shafts at the Houses 


of Parliament, but its use has been long abandoned. 
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In the course of an able Report on the “ Ventilation, 
“ Warming, and Lighting of the Houses of Panli 
“ ment,” recently furnished by Dr. Percy to the First 
Commissioner of her Majesty’s Works, he states that 
“the power of regulating temperature in both 
“ Houses of Parliament is so perfect that, excepting’ 
“ during the hot season, it might be maintained at any, 
“given degree near 60° Fahrenheit.” In the hot 
weather, ice placed in leaden trays, and slung imme+ 


diately under the floors of the two Houses, is sometimes’ 


employed to reduce the temperature of the inflowins 
air. 
are by no means to be relied upon.as-indications. of 
temperature, differences in constitution, in age, in 
the state of health, or in the amount of clothing worn 
causing an atmosphere of a certain temperature. to 
produce very different sensations upon different indi- 
viduals ; and he observes in his Report, “that com- 
“plaints have proceeded simultaneously from tao 
“ members, sitting either side by side-or close.to each 
“ other, one complaining that the temperature was un- 
“ comfortably low, and the other that’ it was. un¢éom- 
“fortably high,’ Some individuals are also more 
sensitive to currents of air than others. Air currents 
are, at ordinary temperatures and: under ordinary-eir- 
cumstances, generally considered to become perceptible 
when their velocity exceeds 14 ft. per second; but some 
persons experience a “ draught” from a current of air 
moving at a slower rate. The slowness of ventilating 
current thus rendered snecesary makes it essential 
that both the inlet and outlet passages should be of 
very large area. The amount of air which it is con- 
sidered necessary to supply for each individual which 
the room to be ventilated contains is estimated by the 
best authorities at 2000 cubic feet per hour, or about 
33 cubic feet per minute, In the case of the House 
of Commons it is stated in Dr. Percy’s report that the 
quantity of air passed through the House on the night 
of the 12th of February last, when leave was asked to 
bring in the Electoral Franchise Bill, was about 
1,500,000 cubic feet, or between 9,000,000 and 
10,000,000 gallons per hour. 

The whole of the gas used in thé Houses of Parlia- 
ment is supplied by the Chartered Gas Company 
through a special main, and, with the exception of a 
small quantity of 12-candle gas consumed in the courts 
of law, is of the 20-candle standard. The price paid 
per 1000 cubic feet is 4s. 6d. for the 12-candle and 
6s. for the 20-candle gas. There are thirty-eight meters 
distributed in various parts of the building; and, 
counting each hole in a ring-burner as a distinct jet, 
there are altogether 10,822 gas-jets. About 1000 
cubic feet per hour are consumed in the chamber 
above the House of Commons during the evenin 
sitting, the products of combustion being Btn 
away ticonsh sheet-iron pipes. At one time these 
products, escapingjat a comparatively high tempera- 
ture, came in contact with a quantity of light wood- 
work; and, indeed, the roof generally was m a dan- 
gerous condition with regard to fire. This has, how- 
ever, now been remedied, iron having been substituted 
for wood where necessary, and a large quantity of un- 
necessary woodwork having been removed. We have 
given in the presgnt notice a general description of the 
system of ventilation suleptel at the Houses of Par- 
liament, a description prepared partly from the data 
contained in Dr. Percy’s report, but principally from 
information gained by a personal inspection of the ven- 
tilating arrangements themselves; there are, however, 
many details which our limited space will not permit us 
to describe. For further information on some of these 
points, as well as for many valuable remarks upon the 
theory of ventilation, we cannot do better than ‘refer 
our readers to the able report of Dr. Percy, to which 
we have already alluded. 





, 





ENGLISH AND AMERICAN Iron.—One correspondent of the 
American Railway Times, in answer to another who had urged 
the exclusive use of American iron on the railways of that 
country, says: ‘To show how much better practice is than 
theory, I send you for ‘ American’s’ benefit, two pieces of 
rails. No. 1 is, 1 regret to say, English iron, and has been in 
use fifteen years in the track of one of our western roads. The 
fracture exhibits the very character that ‘American’ con- 
demns—the hard granular top, the stiff stem, and the fibrous 
base; and that these are thoroughly welded is attested by the 
fact that 78 per cent. of the quantity originally laid in 1851 is 
yet in the track. No. 2 is an American rail made last year, 
Precisely after the method your correspondent recommends; of 
one single quality of iron, piled for the rail slug at the same 
Stage of working, about 1} per cent. broke in unloading from 
the cars, and it is found so brittle that the entire lot has been 
condemned as unsafe for the main track.” 

Tur Derby.—The winning horse, Lord Lyon, made slower 
work than last year’s winner, and considerably slower than 
Blair Athol in 1864. The 1} miles was made in 2 min. 49 sec., 
or at the rate of nearly 32 milesan hour. Blair Athol’s ran was 
made in 2 min. 43% sec. and, Gladiateur’s in 2 min. 454 sec. 


As Dr. Perey truly remarks, human sensations é 


PROFFITT AND DUNCAN. 


THERE is a special class of engineering literature, or 
something pretending to it, and now and then accepted 
as such, which deserves monumental recognition in 
our pages. Whoever Proffitt and Duncan were, we 
believed them to have been canonised long ago. Only 
locomotive superintendents, perhaps, have ever heard 
of them; but these guardians of locomotion have, 
within our knowledge, heard quite enough of them, and 
had supposed them in their final limbo. And we would 
here interpose with the disclaimer of any irreverent al- 
fusion, for we mean only that Proffitt’s Duncan and 
Duncan his\Proffitt were counted as dead, profession- 
ally, inthe year 1863. In that year of grace, nearly 
every locomotive superintendent of British railways 
was’ so’ fortunate, or otherwise, as to have received a 
thin foolseap prospectus of , Proffitt and Duncan’s 
patent, ‘for some: contrivance or other, we never knew 
what, for administering sand to the driving wheels of 
locomotive engines. There needed no patent, nor 
Proffitt,nor Duncan, to let down sand whder locomo- 
tive driving wheels; for the use of sand, as a preventive 
of slipping, was understood long agoyand the Americans 
had sehgmed and used the best form-of sandboxes many 
years ago, and an American, singed away, had in- 
troduced: them upon the NorthLondon Railway. 
Proffitt'and Duncan couldhave invented and patented 
nothingrof value, in the use of sand on railways, which 
was not already in use on that line, ‘But their circular, 
or prospectus, was nevertheless a curiosity of engineer- 
ing literature. Said these gentlemen :' 
“When railways were first introduced, several of the most 
eminent engineers of that day considered that, to obtain motive 
power, it would be an absolute..n have a pinion-wheel 
and rack, as it was. sup} there would, be. no biting power be- 
tween the smooth bie Jungs the driving-wheel pe rail 
but this was eventually found unnecessary, as the weight of an 
engine (about 15 tons), combined with the enormous number *of 
revolutions made per minute by the driying-wheel, and the can 
sequent heating of the rails and wheel, was found to give suffi- 
cient biting power to obtain an average rate of speed of 20 miles 
per hour, but it does not seem to have been taken into account 
at what an immense loss for wear and tear to engines and rails, 
also the great loss of fuel and liability to accidents, this 20 miles 
per hour has been obtained. From careful inquiries made of 
some of the most experienced engineers on different lines of rail- 
ways, one and all agree that the number of revolutions the 
driving-wheel makes when going at the rate of 20 miles per hour 
is quite incalculable, and no one up to the present time has in- 
vented anything to denote them. An ordinary driving-wheel of 
5 ft. 6 in. in diameter would give a circumference of 16 ft. 6 in., 
which distance the driving-wheel ought to travel over every 
revolution if it properly bit the rails, The present rate of speed 
of passenger trains is about 25 miles per hour; and to obtain 
this some engineers state the driving-wheel makes 5 strokes per 
second, many 10, many 15, several 20, and some go so far as to 
say that it makes 22 strokes a second; now 5 strokes per 
second ought to give a speed (if the driving-wheel properly bit 
the rails) of 564, and 22 strokes 247} miles per hour; but take 
11 as the average, and that would give 1233 miles per hour, thus 
showing the great loss of 98 miles per hour, and which loss all 
engineers agree in stating takes place in consequence of the want 
of biting power, thereby showing the immense slipping of the 
driving-wheel on the rails, and, consequently, great loss in wear, 
tear, fuel, &c., &c, In damp, wet, frosty, or snowy weather, 
and more powers! in going up inclines, this loss of power is 
very greatly increased, the trains sometimes coming to a com- 
plete standstill from the driving-wheel not being able to bite, and 
thereby serious accidents occur. 

“It is therefore quite clear that if a regular biting power can 
be obtained, and which the patentees contend can be by the use 
of their patent, there is no reason why the 1233 miles cannot be 
accomplished with ease and safety in all weather. 

“It will be seen from the above statement that it now takes 
39,600 strokes to obtain speed of about 25 miles per hour, 
whereas by the use of this patent, which would give a continuous 
biting power, and thereby cause the driving wheel of the engine 
to travel over the whole of its circumference every stroke, an 
uniform and regular rate of speed of 33} miles per hour could 
be obtained by 10,800 revolutions, thus showing the immense 
saving of 28,800 strokes per hour. : 

“ Proffitt and Duncan by their patent pro to remedy this 
defect, and give a continuous biting power (also great additional 
brake power), which would have the effect of the driving-wheel 
travelling over the whole of its circumference in every revolution, 
and which they contend can be effected with greater safety to 
the public than the express speed which is now run of 40 miles 
per hour, and at a very great — of engines, rails, fuel, 
&e., &c., and by this patent lighter and eonsequently much less 
expensive engines might in all cases be used. 

By the use of this patent a much greater speed can be ob- 
tained than as at present, with a great saving to every company 
that uses it, and with much greater safety to the public, as by 
the great reduction in the number of revolutions to be made by 
the driving-wheel an enormous strain will be taken off all parts 
of the engines and rails, and consequently much less chance of 
accidents from breakage of any part; and also the accidents 
which occur at the curves of railways from the engine running 
off, or the rails bulging, or the chairs breaking, owing, there can 
be no doubt, to the pressure exercised on the rails forming the 
outside of the curve by the enormous number of revolutions the 
driving-wheel is making, would by the use of this patent and the 
consequent immense reduction in the number of revolutions be 
prevented, and in fact much sharper curves than are at present 
used could be travelled over with safety. 


preventing the occurrence of one train running into another, as 
it will give great auxiliary brake power, whereby-a train may be 
brought to a stand in a much shorter time and distance than at 

resent, and the train in advance will have the power of incréas- 
ing its speed to any necessary extent, or, if'at a standstill, of at 
once starting off at a good speed; and, by giving a uniform rate 
of speed in all weather and in all states of the rails, will render 
it unnecessary to make up time between the stations, and will 
thus prevent those serious accidents which have of late occurred, 
and been of such large pecuniary loss.to many of thé companies, 
and, by the increased confidence it. will give the public, will 
largely increase the returns, independent of the great saving 
which will be effected, as before stated, in wear and tear of rails, 
engines, fuel, and the general plant.” 

Now, it would have been supposed that the race of 
beings who could have composed and propagated 
such stuff as this was extinct. This is not so, how- 
ever. As the date will show, we have, within the, Jast 
few days, received the following epistle, which we give 
in extenso, and which shows that the believers 1n Proffitt 
and Duncan—for we do not like to employ a stronger 
term—are not all dead yet : 


RAILWAY ACCIDENTS. - 
To rue Eprror OF. ENGINEERING. 


Srr,—After perusing the remarks on “Short. Passenger 
Traffic ” in your impression of the 27th ult., I opened, acciden- 
tally, the Mechanics’ Magazine of June 3, 1864, where I found 
delineated and described an “Improved Apparatus for Distri- 
buting Sand on Railways,” and I confess it would appear to me 
that great blame is to be attached to our railway companies that, 
they have not extensively adopted so simple and efficient a plan 
of assuring greater safety to the travelling public by enabling 
the locomotive drivers to maintain a more uniform rate of speed, 
and tippeveld that most fertile source of accident, the bane of 
the railway system, described so laconically, but, to the travel- 
ler’s mind, so fearfully, by the two words, behind time. 

he patentees ensure, by the adoption of their arrangement, 
, the continuous adhesion of the driving wheels of the locomotive, 
and thus render available the entire circumference of the wheel 


§{ at each revolution, thus effecting a most important saving in the 


wear and tear of engines and rails, and a greatly reduced ex- 
penditure of fuel, as much lower steam pressure will suffice. 
By reducing the number of revolutions of the driving wheels, 
which this improvement would effect by fully four-fifths, both 
locomotive and rails are relieved from an enormous strain, es- 
med when rounding curves, and the consequent risk of 

reakage of parts is reduced to a minimum. 
But apart from increasing the tractive power, whether for 
uniform motion, for ascending inclines, or for starting, this ar- 
rangement places at the driver's disposal a great auxiliary brake 
power when required to entirely stop, or only to decrease the 
speed of his train—in fact, placing it more immediately under 
his control, under all conditions of the atmosphere, and lighter 
and, consequently, less expensive engines might be used, instead 
of attaining adhesion by weight, the limit for which, you admit, 
has not yet been reached. 
The desiderata of increased safety to the public, accompanied 
by a direct saving to the railway companies in wear, tear, &c., 
ought to awaken our railway officials to the question; and if 
the shareholders consulted their own interests, they would take 
speedy {measures to avail themselves of the system to which I 
have herein called attention. 

1 am, Sir, yours obediently, 
Jno. THos. BrowyF, 

London, May 7th, 1866, Civil Engineer, 
We believe we have done some slight service to the 
profession by recording, first, the unlimited ignorance 
of those who have sought in this case to inform it, 
and, second, the enormous assurance of a “ civil engi- 
neer ” who would pretend to accept such stuff as gos- 
= We fear it might be taken as an insult to the 

nowledge and common sense of locomotive engineers 
to say that, when once in full swing, locomotive drivin 
wheels slip very little or none at all. We have ‘inetd 
6 ft. and 7 ft. wheels on many occasions, and we have 
found that 6 ft. wheels made 280 and 7 ft. wheels 240 
revolutions between each pair of mile posts. We have 
taken indicator diagrams from locomotive cylinders at 
speeds of from 1 to 66 miles an hour, and we have ge- 
nerally, if not always, found the slip of the driving 
wheels to be practically #i/. We may just add a rule 
not everywhere known. A wheel 1680 ft. in diameter 
would make one revolution in running a mile, and the 
number of revolutions of any wheel per. mile may be 
easily found by dividing 1680 by the diameter of the 
wheel iri feet. Except here and there for a few seconds 
or, possibly, niinutes, we have never found the 5 ft. 
wheel tosmake more or less than 336 revolutions be- 
tween a pair of mile posts, the 6 ft. wheel 280, the 
7 ft. wheel 240, and the 8 ft. wheel 210. If Mr. John 
Thomas Browne, civil engineer, or his canonised 
friends, Messrs. Proffitt and* Duncan, have anything 
further to add, we shall be happy to hear from them, 
only, in the case of the last-named gentlemen, we pre- 
sume we may look for their communications in the 
Spiritual Magazine. 








Water At Liverroo.t,—With the cholera in their midst, 
the Liverpool people are promised only 20 gallons of water a 
head per day during the coming summer. The time must come, 
with the failure of the Rivington Pike Works, when the supply 





“ This patent will also be the means of, in a great measure, 








must be brought from Bala Lake. 
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Durnin the last few years 
numbers of our merchant 
vessels have been fitted 
with small engines for hoist- 
ing and other purposes. 
Amongst the various forms 
of engine so applied, that 
introduced by Messrs. Alex- 
ander Chaplin and Co. (the 
well-known makers of steam 
cranes and contractors’ and 
other engines) deserves no- 
tice from its simplicity, the 
general excellence of its ar- 
rangement, and the number 
of duties it is designed to 
perform. We herewith give 
an illustration of it, which, 
in departure from our usual 
course, is drawn in perspec- 
tive. The engine is adapt- 
ing for hoisting, cooking, 
and distilling, and consists 
of a vertical boiler, A, car- 
ried upon a cast-iron bed 
plate to which are also fixed 
the frames supporting the 
cylinders and winding ma- 
chinery. ‘The pair of ver- 
tical cylinders, B B, are 
fixed to the upper part of a 
pair of frames, O, which ’ 
also carry the bearings of 
the crank-shaft. A pinion 
on the crank -shaft gears 
into a spur wheel on a coun- 
ter-shaft which is carried 
right across the engine 
house, and projects through 
the sides, the projecting 
portions being each pro- 
vided with a winch end. 
This shaft also carries at 
the middle of its length a 
winding drum, M, which 
is connected to it by a 
clutch ; and it is provided with a chain pulley by which 
the ship’s pumps can be worked by the aid of chain gear- 
ing, and another which can be connected in a similar way 
to the ship’s windlass. The central drum is intended to 
be used for hoisting from the main hold, close to which 
the engine is placed ; whilst the drums on the projectin 
ends of the shaft may either be simultaneously — 
for hoisting from the ee and after holds, for working 
the ship, or for other purposes. The winding shaft is 
also furnished with a an N, worked by a foot-lever, 
P. The feed pumps, F, are worked by an extension 
of the piston-rods, and the engines are fitted with link 
motion for reversing. 

In addition to the hoisting gear, these engines are 
fitted with an excellent arrangement for furnishing a 
supply of distilled water, and are also supplied with a 
cooking arrangement. The distilling apparatus con- 
sists of a coiled pipe or worm, about 60 ft. in length, 
placed within a cylindrical casing or condenser, R, the 
worm being supplied with steam either from the 
exhaust-pipe, C, of the engines or by a small pipe lead- 
ing direct hon the boiler. A constant stream of water 
ay t flowing through the condenser by means of a 
double-acting circulating pump worked from a crank- 
pin inserted in the dise fly-wheel at one end of the 
crank shaft ; and, in order that the condensing arrange- 
ment may be worked independently of the hoisting- 
gear, the pinion which drives the latter is arranged so 
that it can be disengaged from the crank shaft at 
pleasure. We all know that pure distilled water is 
somewhat unpalateable, and Messrs. Chaplin have 
therefore fitted their condenser with a very simple and 
effective aérating arrangement. This consists of a 
covered brass cup, S, connected with the upper end of 
the worm. Around the circumference of the cup are 
formed holes, the extent of op2ning of which can be 
regulated by a sliding ring, and through the cover of 
the cup is led the pipe which supplies steam to the 
worm. This pipe terminates in a jet, and when the 
apparatus is in action, the jet of steam thus formed 
draws in air through the circumferential openings in 
the cup, and the worm is thus filled with a mixture of 
air a steam, a portion of the air mixed with the steam 
being absorbed by the water as condensation takes 
place. The fresh water thus produced is of excellent 
quality. The size of engine usually fitted will supply 
30 gallons of fresh water per hour. The circulating 
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pump of the condensing arrangement can also be used 
as a fire-engine, the waste-pipe from the condenser 
being furnished with a three-way cock, X, by which the 
water can be directed into a branch fitted with a union, 
to which a hose can be attached. In the course of a 
trial made with one of these engines a few days ago, a 
jet from a nozzle lin. in diameter was thrown over 
the main topsail yard of the vessel to which the engine 
was applied. By an Order in Council, dated the 5th 
of December last, the distilling apparatus which we 
have just described is adopted and approved by 
H.M. Government, and all ships carrying it are 
permitted to sail with only half the quantity of water 
stipulated under the Passenger Act; this is an im- 
portant consideration. 
The cooking arrangement consists of a“ galley,” or 
cooking stove, Z, placed behind the boiler, and con- 
nected with the firebox of the latter by a short flue. 
By closing a damper in the chimney of the boiler, and 
opening a valve in the connecting flue just mentioned, 
the flame from the firebox can be made to pass through 
flues surrounding the ovens of the cooking-stove, and 
thence to a chimney connected with them. On the to 
of the stove are placed boiling-pans, Y, which are oak 
heated either by the flames from the furnaces or by 
means of a steam pipe leading from a cock at the back of 
the boiler of the engme. Besides the many other usefu! 
purposes which these engines serve, some of those 
recently constructed by Messrs. Chaplin have been 
enabled, by an arrangement patented by Mr. Chaplin, 
to be used for the propulsion of the vessel at a slow 
speed during a calm. This is accomplished by means 
of a floating paddle carried at the end of a radial arm 
connected with the side of the vessel, and driven by a 
rope belt from the drum sliaft of the engine. This 
te is now under trial, and we hope soon to be 
able to speak of the results obtained. Messrs. Chaplin 
and Co. have already constructed about 110 of 
the engines which we have described, and we believe 
that wherever they have been applied they have done 
their work well, and have given great satisfaction. 
They greatly facilitate the loading and unloading of 
cargo, and in heavy weather or during the navigation 
of a narrow channel the power which they place at 
command for handling the vessel is extremely valuable. 
We have no doubt but that, as they become known, 


? 





their application will be largely extended. 
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NEILSON’S RADIAL HAMMER. 

Tue steam hammer of which we give a vertical section and 
plan in our engravings differs materially from those of the ordi- 
nary construction, inasmuch as the frame gee the 
cylinder is movable around a central fixed pillar, and the 
hammer can thus be made to strike at pleasure upon any one of 
a number of “ cresses” set in a curved anvil-block, as shown in the 
plan. The hammer shown in our illustrations has a cylinder 
10 in. in diameter, the weight of the hammer-head, piston-rod, 
&c., being 4cwt., and the fall 2ft. The piston, which is of 
wrought iron, is forged solid with the rod, the latter being 5 in. 
in diameter, and attached at its lower end to a hammer-head 
8 in. square and 9 in. high. The steam is admitted to and re- 
leased from the cylinder by a cylindrical slide-valve 2 in. in 
diameter, this valve being arranged, as shown in the vertical 
section, so that it can be moved either by a hand lever or by 
means of a ‘‘ wiper,” which comes in contact with the hammer- 
head when the latter is raised. As will be seen from the illus- 
tration, the wiper just mentioned can only cause the valve to be 
moved upwards, and can thus only cause the steam to be ad- 
mitted to the upper and released from the under side of the 
oa, producing the downward stroke of the hammer. The 

epression of the slide valve necessary to produce the up stroke 
of the hammer must be effected by the hand lever, this lever 
also giving the power of working the hammer at a less stroke 
than that necessary to bring the wiper into action. The top 
cover of the cylinder is dished to a considerable extent, so that 
the steam contained in the additional length of cylinder thus 
obtained forms a cushion to check the hammer if the piston 
traverses past the top steam passage. i x 

The steam and exhaust pipes are respectively 14 in. and 2 in. 
in diameter, and are led from the valve chest to a casting f 
to the framing of the hammer My! over the central pillar. 
As will be seen from the section, the lower part of this casting 
forms inner and outer cylindrical chambers, the steam pipe com- 
municating with the former and the exhaust pipe with the 
latter. ‘The upper part of the inner chamber forms a stuffing- 
box, into which the end of the steam pipe leading from the 
boiler is inserted, and packed by means of a gland in the usual 
way ; the outer chamber, in the lower part of the casting, com- 
municates with another chamber above the steam pipe stuffing- 
box and gland, and into the top of this last mentioned chamber 
the pipe by which the exhaust steam is led away is inserted, 
this pipe surrounding the steam pipe. Wrought-iron ipes, 4 in. 
in diameter and furnished with cocks, are led from the central 
chamber of the casting above described and from the exhaust 
pipe, to convey away any water arising from condensation. | 

‘As we have already stated, the cylinder is fixed to a framing 
which is capable of swinging round on a central — The 
radius of the are which can thus be described by the centre of 
the cylinder is, in the case of the hammer which we are descri 
ing, 6 ft., and the framing, the form of which will be seen a 
our illustration, is composed of metal lin..thick. The weight 
of the hammer is carried, by means hs a cap ag . 
framing, upon a slightly concave bearing suriace, - 
dame, at t the top of the central pillar, the framing also fitting 
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NEILSON’S RADIAL HAMMER. 
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the pillar closely at this part for a depth of 10in, The shape of 
the central pillar, the metal of which is 14 in. thick, will be seen 
from the vertical section. Itis about 7 ft. high above ground level, 
and 10in. in diameter at the top, where it forms the gudgeon for 
the hammer framing, enlarging to 2ft.4in. in diameter at a 
height of 2ft. 6in. from the ground, and further enlarging to 
8 ft. Zin. in diameter where it enters the base plate. The pillar 
is carried down into the ground so as to obtain a good hold of 
the foundation. The base plate is 9ft. in diameter, and about 
2in. thick; it is strengthened by ribs on its under side. The 
radial movement of the hammer is effected by means of a worm, 
keyed on a shaft carried by brackets fixed to the movable 
framing, and gearing into a worm-wheel fixed upon the central 
pillar. The worm-shaft is furnished with a large hand-wheel 
as shown in the illustrations. } 
The anvil-block, a portion of which is shown in the plan, is 
curved to the form of an arc of a circle, struck from the centre 
of the hammer pillar, and in its top are formed recesses for the 
reception of five separate cresses, at a distance of about 1 ft. 
llin. apart from centre to centre. The anvil-block is 7} in. 
wide at the top, and 10in. at the bottom, the bottom —_ 
being 2ft. 6 in. wide, and varying from 83}in. to 2in. thick. 
The weight of the block is about 65 ewt. ; 
mers of the construction which we have been describing, 
are extremely useful for making light and complicated forgings, 
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such, for instance, as the spokes of wrought-iron wheel small 
connecting rods, links, hand hammers, &c., as they allow of 
several different dies or cresses being used without any time be- 
ing lost in changing the tools. It is found that by the use of 
the radial arrangement, a forging can be subjected to hammering 
on five different cresses during one heat, thus not | effecting 
an important saving in fuel, but avoiding the waste of the iron 
cook te reheating. The hammer can also be swung clear of 
the anvil-block, and the smith is thus enabled to ‘stave up” 
articles when necessary. Our engravings have been prepared 
from working drawings kindly lent by the makers and patentees, 
Messrs. Neilson Brothers, of the Albert Works, Glasgow. 








Tue Scorrish ENGINEERS.—A meeting of the Institution 
of Engineers in Scotland was held on the evening of Wednesday 
week in Glasgow. The following papers were read:—A paper 
“On the Displacement of Ships with Trochoidal Water Lines, 
by Mr. James R. Napier. A discussion took place on the paper 
read at the last meeting, “On the Connexion of Plates of Iron 
and Steel in Shipbuilding,” by Mr. N. Barnaby, Assistant Con- 
structor of the Navy, as also a discussion on Lioyd’s “‘ Proposed 
Rules for the Construction and Classification of Composite 
Ships.” The members of the Institution have petitioned Parlia- 
ment in favour of the amendment act for the measurement of 
the registration tonnage of ships. 





OBSTRUCTION OF WATER-MAINS. 


Tue town of Torquay is supplied with water through 
about thirteen miles of 10-in. mains, the source of 


supply being about 1100 ft. above the sea. The mains 
were laid down about eight years ago, by Messrs. 
Easton, Amos, and Sons. The size of mains to which 


they were limited was hardly sufficient for the full re- 
quisite quantity of water, and the wants of the town 
have also increased considerably since the mains were 
= down. Within the last year or two, however, the 
eficiency has become very serious, and it appeared 
clear that the supply was much less than it formerly 
was. It was known that the water at the source of 
supply was much aérated, and also that the mains had 
not been protected internally by any preservative sub- 
stance or composition. These facts served to indicate 
that the cause of the lessened delivery was the forma- 
tion and accumulation of oxide of iron in the mains, 
although we are not certain that this was suspected 
until after Mr. William Froude had, by the application 
of a series of pressure gauges at regular intervals along 
the pipe, ascertained that there was no local obstruc- 
tion at any one or two points, the readings of the gauges 
giving a uniform hydraulic gradient from the source to 
the point of discharge. 
hen the character of the obstruction came to be 
understood, it became a matter of interest to know how 
it could best be removed. The late Mr. Appold had 
visited the mains, and with a ready instinct he sug- 
gested that a scraper be sent through the main, under 
the pressure of the water itself. This proposition was 
discussed among a number of engineers, including Sir 
William Armstrong, and it was the general opinion 
that the scraper, if it got on at all, would, after a certain 
quantity of matter had been scraped off, stick fast 
against it. Mr. Froude, however, resolved to try the 
experiment, and he had constructed a sheet-iron pis- 
ton with a cupped leather behind it, and projecting in 
front of it was a stalk mounted with eight scrapers, 
placed obliquely to the axis. Each scraper covered 
about 45° of the circumference of the pipe, and the 
scrapers were set in two series, so as together to meet 
the whole interior surface of the main. Each scraper 
was held up to its work by a spring, and could “ give” 
and pass by any obstruction too hard for removal. The 
full pressure of water in the mains, at a mile or two 
below the source, would of course be very considerable; 
but instead of giving the full force of the water, which 
was not required, openi were made through the 
piston so as to give a total available difference of pres- 
sure, on its two sides, of from 800 lb. to 900]b. On 
being started in the mains, it went along at a maximum 
rate of three miles an hour, cutting away great quan- 
tities of oxide of iron, sometimes in nodules of the 
size of the thumb. The position and progress of the 
apparatus were made known by its sound, the mains 
being laid 2 ft. only beneath the surface of the ground, 
and it could be easily and certainly followed by those 
walking near the course of the pipes. The mains have 
not yet, however, been cleared out for their whole 
length, but for a distance, we believe, of two miles, 
and from this portion alone some tons of oxide have 
been removed. It will be understood that the water, 
passing through the piston of the apparatus, is in it- 
self a powerful carrying agent, and it is indeed the 
help of the water which enables the apparatus to go 
forward instead of sticking, as was predicted, against 
the accumulated mass of obstruction. The apparatus 
has stuck on one occasion, but as the mains have stop- 
valves at distances of two miles its removal was not 
attended with much difficulty. When the whole work 
of cleaning out the mains is completed, it is expected 
that the present water supply will be increased by 
nearly 70 per cent. 








Tue EprssurcH Museum or Science AND Art.—The 
National Museum of Scotland, of which the foundation stone 
was laid by his Royal Highness the late Prince Consort on the 
28rd of October, 1861 (on the same day as the foundation of the 
General Post-office, Edinburgh), is to-be opened to-morrow by 
his Royal Highness Prince i appropriate ceremony. 
The Museum is situated in Argyll-square, immediately in rear 
of the University buildings, e design is by the late Captain 
Fowke, R.E., but only a portion of the whole structure (about 
two-fifths) has yet been erected. For the remainder the ground 
has not yet been broken. The building, when completed, will 
present a facade of 400 ft., but the section now ready only 
extends to 170 ft. The east saloon, which is 180 ft. by 57 ft, is 
devoted to the natural history collection, removed from the 
College, and the great hall, intended to extend to 260 ft. by 
75ft., and the length of which at present is 105 ft., is to be 
opened with a great display of artistic oom In the rear 
angle of the east and great saloons is a saloon of 70 ft. by 51 ft., 
in which will be illustrated the processes of manufacture. The 
basement and first floor of the east wing contain a lecture-room, 
70 ft. by 50ft., capable of accommodating about 700 persons, 





and on the second floor of the wing is a splendid collection of the 
treasures of India, China, and Japan. 
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ADAMS'S SLIDE VALVES. 


Mr. Tuomas Apams’s addition to the slide valve is’ 
being applied to all'the engines of the Great North ‘of 
Seotland Railway. He packs the valve against 
the cover of the valve-chest, the arrangement be- 
ing much the same as that commonly ‘employed 
in marine engines.” The back ‘of the valve is 

cast with a circular curb, which is“bored out, and 
within which a packing-ring, held up by a light spring, 
is placed. Where this ring bears against the under 
side of the cover of the valve‘chest, it is enlarged in 
diameter by about an inch, $0 that the pressure of the 
steam, acting upon’ tli¥-annular surface, 4in. wide, 
formed by this ‘enlargement, will keep the valve up to 
its bearing againgt-thie valve-chest cover. But, how- 
ever carefully one’Surface may be scraped to another, 
steam will. always penetrate between them, although 
it may not acquire a regular flow, and it is gene- 
rally believed that the effective downward pres- 
sure of the steam upon the back of a valve is due, not 
to its whole area, but to that only of the ports and 
cavities beneath it; and thus the mere enlarge- 

‘ment of Mr. Adams’s valve packing-ring, by a 
narrow flange around its upper edge, would not 
insure the full effective upward ‘pressure of the 
steam unless the inner edge of the bearing sur- 
face were cut away for a width, all round, 
equal to the thickness of the packing-ring itself. 
Those who like, as we do, to sketeh a thing as 
it is deseribed to them, may sketch a_ section 
of the valve packing-ring employed in the Great North 
of Scotland railway engines. Whatever inner diameter 
be taken, the outer diameter will be 4 in. greater, the 
ring having been bored out to a thickness of 4 in. 
Where the springs bear against its under side, a thin 
internal flange is left for them to bear upon, and the 
inside diameter of ‘this flange is 3 in. less than that 
of the ring, the under surface of the flange being 
#in. broad. The projecting outer flange at the top of 
the ring, where it bears against the under side of the 
valve-chest cover, is 1 in. larger than the outer 
diameter of the ring, but its bearing surface is only 
4 in. broad, aninterual chamfer of the inner edge being 
made for a width and depth of } inch. 

The new engines of the Great North of Scotland 
Railway have valves 16in. by 9$in., the cylinders 
being 16 in. diameter by 22 in. stroke. With 140 lb. 
steam, the regulator wide open, and the brake on, the 
links may be shifted, by one hand, back and forward 
for a considerable time, and so quickly as to give a 
blast’ much like that when the engine is working 
slowly. In the steam-shed, an engine fitted with the 
new valves, while standing between two other engines 
in front and behind, and with only the length of a 
tender to spare, has been reversed with full steam on 
so rapidly as to keep her oscillating between them with- 
out striking either. This can be done with one hand, 
where, with ordinary valves, the lever could not’ be 
moved at all by all the men who could get about it 
while the engine was standing. And while these ex- 
periments prove how well the valves are balanced 
as regards the pressure upon them, they are absolutély 
steam tight. 

The newer engines of the Great’ North of Séotland 
Railway, and made by Messrs. Neilson’ and Co., ot 
Glasgow, have’ 16in. outside’ cylinders,24 in. stroke, 
four coupled 5 ft. 6 in. wheels, and 2 bogie upon the 
plan of Mr. William Adams; of*the North F ondon 
Railway. There are 23} tons on the coupled wheels and 
12 tons on the bogie, makifig 85} tons in all. The 
bogies have inside journals. Mr. Cowan, the locomo- 
tive superintendent, ha¥ run these engines continuously 
at the rate of 43 "miles an hour (284 miles in 40 
minutes) through a succession of ten-chain reversed 
curves without the least appearance of unsteadiuess. 
He prefers*them greatly to the ordinary bogie, and 
corisiders that they are as safe, at 30 miles an hour, 
on. fi,fén-chain curve, as is. the ordinary six-wheel en- 
give on a curve of 25 to 30 chains radius. 

' Te Prince Consorr Memortat.—This national work 
near the western extremity of Hyde Park, has attained about 
30 ft, out of its ultimate height (of 170 ft.), though it is by no 
means finished up to that height. There are on the spot num- 
bers: of polished granite columns and bases, all worked and 
ready for placing in their respective positions. Much more pro- 
gress would haye been effected by this time but for the difficulty 
of procuring the Irish granite. The Scottish granite and Italian 
marbles have come. Much of the material for the pedestal for 
the bronze figure of the great Prince is now on the spot, such as 
the pink granite for the sub-plinth, the Correni granite from the 
Highlands, 40 miles. from Aberdeen, for the base and surbase 
mouldings, and the Sicilian marble for the heraldic frieze 
between them, ere are three travelling machines employed— 
viz., a low hoist to lift 20 ft., another to lift 40 ft., and a third te 
lift, blocks, weighing 15 tons, to a height of 40 ft. These are 
worked by hand, not steam. 





LITERATURE, 


A Treatise on the Principles and Practice of Levelling, showing 
its Application to Purposes of Railway Engineering and the 
Construction of Roads, &c. By Freperick WiL.1AM 
Stums, F.G.8., M. Inet. C.E. Fifth Edition. Lockwood and 
Co. 1866. Wh 
Tue publishers* faye rendered a substantial service 

to the profession, ‘@specially to the younger members, 

by bringing out present edition of Mr. Simms’s 
useful work, which had for some time been out of 
print. We hardly need say anything of the contents 
or merits of the work itself, for these are tooJong and 
too well known to require it. We could: have 
wished, for the convenience of so many engineers, who 
will take the work abroad with them, that, it had been 
printed in potket-book form, and the folding plates of 
the Highgate.Agchway-road omitted. The only diffi- 
culty in the way would have been in the arrangement 
of the tables of sines and tangents; but, by placing 
the columns up and down the page, giving a double 

page to each degree, and thereby adding 45 pages to a 

book which now contains 215, a much more convenient 

size and form would have resulted. Still, our com- 
plaint is not one of very great moment. 


The Operative Mechanics’ Workshop Companion, &c., &e. B 
WILLIAM TEMPLETON. Ninth Edition, Revised and Enlarged. 
London: Lockwood and Co. 1866. 

Messrs. Locxwoop, the present proprietors of 
Templeton’s well-known work, have had it carefully 
revised for the present edition, and new matter has 
been added. It is a book which will for many years 
enjoy its already cotanshed favour among those for 
whom it is specially intended; Although the greater 
portion of its contents‘is formed of rules, statements, 
and tables which areé’in thei? nature unalterable, we 
think a little moderiiising night be advantageously 
bestowed on other portions in.a future edition. Thus, 
while there are rules for the strength of cast-iron 
beams, there is none for that of wrought-iron girders, 
which have now nearly superseded them. ‘The par- 
ticulars with reference to the steam-engine, and espe- 
cially the locomotive and marine. boilers, need amend- 
ment. The “rules” for piston speeds should be ex- 
punged, and useful matter might be added with refe- 
rence to screw engines, the screw propeller being no- 
where mentioned in the work. 





Tables for the Purchasing of Estates, &c., &c. (Inwood’s Tables). 
Lockwood. 1866. 

Tue present is the eighteenth edition of the well- 
known Inwood’s tables, originally published in 1811. 
The whole of: the original matter has been preserved, 
and numerous additions have been made. Those in- 
terested in the purchase and sale of estates, and in the 
adjustrient @£/@ompensation cases, as well as in trans- 
actions in uities, life insurances, &c., will find the 
present,etition of eminent service. 








Rock. Dritiinc.—Next to the Mont Cenis tunnel, the 
longest now in course of construction is the Hoosac tunnel on the 
new line of railway between Boston and Troy, U.S. The length 
of the tunnel, when completed, will be 44 miles, nearly, and 
there will be no shafts except. one near each end. The tunnel 
was begun “fifteen years ago, and many and various tunnelling 
machines*have been made and worked in it. The American 
Railway Times gives the following notice of a new drill, some- 
thing, we:think, like M. Sommeiller’s, and which is about to be 
worked in the Hoosac tunnel; “A cylinder of cast iron, which 
contains ‘a piston operated by compressed air, the air being 
admitted by a slide valve working transversely to the cylinder. 
A hollow tabe, or ton-rod, passes through the piston, con- 
taining the drill.. At the back end of the piston-rod is a nut, 
and around the piston-rod’a screw, by the rotation of which a 
forward movement is given to the drill in proportion as it pene- 
trates the rock. By two rachets operated by a stud which 
moves in an inclined slot, the rotation and the feed of the drill 
are effected. The diameter of the cylinder is 4f in.; the pres- 
sure of the air 40 1b. to the square inch; the pressure of the 
piston at the forward stroke is 343 1b., at the back 170 lb.; the 
weight of the whole 210 lb.; extreme stroke, 10in. In the ex- 
perimental trial the drill was mounted upon an iron column 
about 5 in. in diameter. When applied, however, to operations 
in the tunnel, a number of these drills will be mounted upon an 
iron frame which will be run forward on a railway track. For 
use in the shaft the mode of mounting will be somewhat varied ; 
the drills will be supported in triangular prisms, which will be 
raised and lowered by means of a wire rope. On the horizontal 
machine, at 30 lb. pressure, -124in. were drilled in 7 minutes ; 
on the vertical, 15} in. im 7} minutes; horizontal again, 29} in. 
in 12 minutes. A small-sized rubber hose in canvas was used 
to convey the compressed air to the machine. The stationary 
engine used at Fitchburg gave a power of only 301b. to the 
inch, while the machines are built to bear a pressure of 55 1b, 
when in use in the tunnel. The drills average 200 strokes a 
minute, and advance.an inch ‘in soft material every 18 strokes. 
The rovk used to experiment upon was granite, which is much 
harder than the Hoosac Mountain rock. The drills held their 
edge well during the experiment. One of them had drilled 61 in. 
in granite, and which, without being sharpened, is still suitable 
for use.” 





BOILER-INSURANCE AND BOILER. 
INSPECTION. 

I his last monthly report to the directors of the Manchester 
Association for the Prevention of Steam Boiler Explosions, Mr. 
L. E. Fletcher, the chief engineer, says with respect .to three 
explosions which had oeeurred within the previous month: 

“There is yet an interesting fact with regard to the three 
explosions just reported, which should not be passed over in 
silence. The three boilers had all been insured by a boiler 
insurance company, although, fortunately for the company, only 
one of the policies remained in force at the time of the explosion, 
the other two having lapsed a short time previously. This, 
however, had ,been the act of the boiler owners, and not of the 
insurance company, who were willing to renew the policies. 
It will. be remembered that the first of these explosions arose 
from the weakness of the boiler at the unguarded manhole, and 
the second from wasting of the plates through corrosion, 
whieh would liave beenetected in time to prevent the explo- 
sion by a faithfal flue exiitgination, whereas no flue examination 
had been made ‘daring the Whole of the four years the boiler was 
insured; while the third was due to the failure of one of the 
ring seams in. a boiler the dangerous plain cylindrical 
externally-fired class. the 

“ The occurrence’of these tliree explosions, resulting in the 

death of four persons andi‘injury to seven others, as well as in 
considerable damage to property, will, it is thought, reopen a 
question already frequently asked, viz.: Whether the applica- 
tion of insurance to boilers byicommercial and competing com- 
panies is sound in principlé andthe best that could be adopted 
for the prevention of explosions? It is very generally supposed 
that a commercial company insuring boilers for the sake of divi- 
dends woukdinspect them forits own interests. This, however, 
is quite a mistake. Inspection is expensive. Insurance is 
cheap. Inspection, it has beemfound by the experience of the 
association since its formation twelve years ago, costs upwards 
of 20s, per boiler per annum, while insurances could be effected, 
without any inspectiun at all, for-about 2s. per cent. Internal 
and flue examinations, therefore, canonly be enforced at the ex- 
of profits, and a commercial company, with a proprietary 
ooking for dividends, will clearly‘not expend 20s. to save 2s., 
but preferto tradeiinameutances rather than inspections. In the 
event of explosion, insurance affords's"\poor compensution even 
for the loss of property, to say nothing of the loss of human life. 
The receipt of 100. or 2002, aeeerding to the amount of the 
policy, is generally quite inadeqyate_to cover the loss. In one 
case referred to above, the whole works were laid in ruins; and 
in another, I am informed, 10002: Would not cover the damage 
done, although the insurance upon thé’ bdiler only amounted to 
1002. Insurance, therefore, affords theowner but meagre com- 
pensation for the loss of his property, and the workpeople none 
whatever for the loss of their lives, What the steam-user needs 
for the security of his property, and Hig poor firemen and work- 
people engaged near to boilers forthe security of their lives, is 
inspection, not insurance ; prévention, not compensation.” 








GRADIENTS OF 1 IN 18.—More than a month ago we noticed 
the temporary inclines of the Dom Pedro Railway in crossing 
over the Serra do Mar to the valley of the Parabyba River. We 
were not then able to give particulars of the locomotives employed 
in working them, but an attentive correspondent has since sup- 
plied us with the following particulars: The length of the tem- 
porary line is 3} miles, with. maximum inclines of 1 in 18, and 
eurves of 230 ft. radius. The engines, made by Messrs. M. W. 
Baldwin and Co., of Philadelphia, U.S., have 19 in. cylinders, 
22 in. stroke, and eight coupled wheels 3 ft. 6 in. in diameter. 
The boiler is 4 ft. 4in. in diameter, and contains 239 tubes 
1}in. diameter and 8 ft. long. The firebox is 4 ft. 2 in, long 
and 4 ft, 4 in. wide, the gauge of the line being 5 ft. 3in. The 
depth of the firebox is 5 ft. A combustion chamber 15 in. long 
extends from the firebox into the barrel of the boiler. The 
engine has a taiik containing 750 gallons, and when this is full 
and witha’ supply of coal on board, weighs 29 tons. Empty, 
itp weight, is.24 tons, |The length of wheel base is not given; 
bat those who refer,.to. Messrs. Clark and Colburn’s ‘* Recent 
Practice in the Locomotive Engine” will find a plate of one of 
Messrs. Baldwin's large eight-wheel engines, showing the arrange- 
ment of the four wheels in front. Although these are coupled 
to the driving wheels, they can accommodate themselves, with 
considerable freedom, to curves. We are informed that the 
engine has taken 80 tons, besides its own weight, up 1 in 18, its 
prescribed load being 70 tons. Its proper “duty” ona level is 
1621 tons, and on a gradient of 1 in 100,405 tons. Up 1 in 
55 the assigned load is 241 tons. We are indebted for these 
articulars to Mr. W. S. Smyth (present address, Ford’s Hotel, 
fanchester-street), who was for some time resident upon the 
line of the Dom Pedro II. Railway. 

Mr. Cartes Manpy.—Mr. Charles Manby, the honorary 
secretary of the Institution of Civil Engineers, has been nomi- 
nated by his Majesty the King of Sweden and Norway to be a 
Knight Commander of the Swedish Order of Wasa, a distinc- 
tinction rarely conferred on foreigners, and during the — 
century only on Thomas Telford and John Rennie, the late cele- 
brated civil engineers. The valuable services rendered by Mr. 
Manby to foreign scientific men and to Government — 
visiting England have already been acknowledged by the of 
peror of the French, by whom Mr. Manby was presented wit ; 
the decoration of the Legion of Honour, and by the King o 
Italy, who conferred on him the Knighthood of 5S. — 
and Lazaro. It is not generally known that it was to Mr. 
Manby alone that was due the merit of the remarkable ce 
tion given to Marshal Soult, at the period of the ———— o 
her Majesty. He planned all the visits to the public establish- 
ments in London and in the country ; carried out, through his os 
vate friends, the journey to Manchester, Liverpool, North hear . 
and Staffordshire, the cost of which was liberally defrayed by 
the then board of directors of the London and North W — 
Railway and the then Mayor of Liverpool. The ee < 
Marshal Soult in this country had a marked and most bene icial 

olitical effect, and it was duly recognised by the nag bee 

uis Philippe, but, as usual, not any notice was taken 0 y 
the British Government. 
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PLATE v. LATTICE GIRDERS. 

THE question as to the comparative merits of plate 
and lattice webs to girders of parallel depth would have 
been settled with half the amount of discussion, ‘had 
it not been for the accidental circumstance that, in the 
case of the girders usually taken as data for com- 
arison—those for double-line railway bridges—the 
oad and usual proportions happened to be such as to 
render it almost immaterial which system was adopted ; 
had the load been either heavier or lighter, there would 
have been no such difficulty in selecting the most ad- 
vantageous construction. 

The direct duty of the web of a girder is to transfer 
the load in the most economical manner to the piers. 
Ina plate girder this is accomplished in a simple and 
efficient manner: though the actual direction of the 
strain at any point of the web is difficult to determine, 
it is only necessary practically to consider the amount 
resolved vertically, or the load as a simple shearing 
strain. Ina lattice girder the direction and amount of 
the strain are determined by the angle at which the bars 
are fixed. Now, it can easily be proved that the theo- 
retical. weight of a lattice web is equal to that of a 
plate web of similar strength, divided’ by the product 
of the sine and cosine of the angle included between 
the bars and flange ; from which it follows that the 
most economical angle for all the bars is 45 deg., and 
that the least weight of a lattice web is double that of 
a corresponding plate web. In a discussion on this 
subject, at the Institution of Civil Engineers, this fact 
was rendered self-evident by a very simple illustration : 
assuming the most favourable inks, it is obvious that, 
if the bars were welded at their intersections, the 
thickness of metal at those points need not be the 
double amount due to the two bars crossing ; it is only 
necessary to imagine the bars sufficiently numerous to 
touch edges to make it apparent that, if welded to- 
gether into a plate web, one half the weight would be 
saved. Theoretically, therefore, the plate web always 
has the advantage ; practically, a limit is placed to it 
by the objections to reducing the thickness of the 
pF below a certain amount, usually }in. Now, with 
a distributed load, the maximum area of web required 
at the ends is to the maximum area of flange at centre 
as 4 is to the ratio of span to depth; again, the mi- 
nimum ¢hickness of plate would be usefully at work, 
and therefore the practical advantage would approach 
the theoretical in proportion to the shallowness of the 
girder, and the heaviness of its load, irrespective of the 
span. If reduction of weight, then, be the first “con- 
sideration, the centre portion of every web should be 
lattice, and in most instances the ends should be 
plate.* 

In a box girder, the minimum thickness of web being 
double that obtained in a single web girder of ‘similar 
proportions, double the load would be required before 
the same approximation to theory, or the same degree 
of economy, would result. The. earlier examples of 
wrought-iron girders were very generally of the box 
construction, possibly with the view: of getting greater 
lateral stiffness. But the lateral stiffness of a girder 
itself is quite insignificant, compared with that of a 
properly designed structure as a whole; indeed, it is 
proved theoretically and experimentally that a wrought- 
iron girder of the ordinar penton, box or single 
web indifferently, would fai , by the lateral bending of 
the top flange as a column, long before the ultimate 
crushing strain was reached, unless kept in form either 
by some direct attachment, or indirectly by some such 
arrangement as the rigid connexion of the cross girders 
with the web and stiffeners. It is only, therefore, in 
Instances when the depth is limited, or the load is 
great, that the employment of the comparatively ex- 
travagant form of construction, the box girder, can be 
ustified. These facts are at the present time so well 
hown, and the conclusions so generally. acted upon, 
that it might, with reason, have been considered un- 
necessary to have them recapitulated now. However, 
little apology is required. en an authority, chiefly 
celebrated for the vivacity and sensational character of 
Its professional intelligence, assumes: the office of 

entor to young and inexperienced engineers, and, 
with other equally valuable advice, cautions them 
against the adoption of plate or lattice girders in pre- 
ference to box, for long spans and light loads, there 
1sample evidence that the practice and experience of 


the last fifteen years has been thrown away upon at least 
one engineer. X. 





* With the average class of workmanship obtained in girder 
Work, the actual strain on the web is very uncertain. Indeed, 
we lately Saw one of the girders of a railway bridge in course of 
Construction, carrying a load of at least 100 tons, before some of 
© end joint covers of the web were in place, an interesting 
‘asmuch as it proves practically that, since the flange is 


ctpable of assisting the web at any weak point, the loss on the 


REPAIRING SUBMARINE CABLES. 


grapnel cannot reach the cable. 


at where it is not buried. This, in some cases, ma 


caused by a ship’s anchor, may be on ground where 
the cable is not buried very deep but lying between 
portions deeply buried for miles each way, or the 
cable may be so far buried at the place dredged at that, 
although the grapnel will reach it, the cable would break 
rather than come up. In such case where the cable is 
obtained and cut at a short distance from the fracture, 
it is in some eases possible still to pick up to the frac- 
ture because the pal can be pulled out by an up-and- 
down pull on itself in places where it is impossible to 
lift the bight out by a grapnel. The reason of this 
will be easily seen when we consider that, in the case 
of picking up, we are exerting a fair pull to tear only 
a few inches of cable at a time out of the sand, where- 
as in the case of grappling,\ itis an attempt, ‘to lift 
many yards of pa ad y through the ground. 

In some cases, however, the cable is so far buried as to 
break even in the attempt to tear it out of the ground 
by the fair up-and-down pull obtained in the operation 
of picking up. In such case, the only means is to 
obtain the cable on the other side of the original frac- 
ture, and as near as possible to it, and splice on and pay 
out to the end buoyed at the first cut. Thus some- 
times several miles of cable are left buried in the 
ground and irretrievably lost. In other cases the 
cable is so weakened by rust as to break in the opera- 
tion of lifting with the grapnel. Thus, when the gra - 
nel is hove up, the cable is found to be tolerably s “4 
and, when cut to ascertain which way the short part 
lies it is found that a fault exists both ways, the cable 
having parted at a weak place, sometimes as much as 
three-quarters of a mile away from the place where the 
cable is hooked. In other cases, this breakage of the 
cable at a place weakened by rust occurs during the 
operation of picking up ; in others, perhaps just at the 
moment when, after days or weeks of labour, the final 
splice is about to be made. 

In some cases the fracture is caused neither by rust, 
anchors, nor trawlers, but by attrition on rocks, the 
cable becoming gradually filed in two at places where 
it hangs over sharp rocks in water sufficiently shallow 
to allow of a slight oscillation to be’ caused by heavy 
weather or by a tide or stream. In such cases, the 
ground dredged on at first is frequently so rocky that 
the grapnels hook in the rocks, and cannot be hove 
up ; and thus many grapnels and ropes are lost. In- 
deed, when the ground is very rough and rocky, it is 
impossible to dredge, and better ground has to be 
sought further from the fault. This afterwards neces- 
sitates picking up more cable ; and sometimes, in rocky 
— , the cable itself becomes entangled and breaks 
uring the operation of picking up, leaving pieces on 
ground so rough that they cannot be dredged up, and 
are thus as irrecoverable as those parts that are deeply 
buried in the ground. 
It has happened in at least one ease that a cable 
has failed quite suddenly, and has been found to be 
buried, at the very locality of the fault, to such an 
extent as to preclude the recovery of the faulty portion 
of the cable, and this on ground perfectly level, shallow, 
and soft, and where the whole circumstances rendered 
it impossible that any of the sources of failure we 
have yet mentioned could have been the cause of this 
sudden fault and its immediate burial to such a depth. 
The circumstances, therefore, can only be explained on 
the supposition that a violent and temporary disturb- 
ance of the sea-bottom must have occurred, resembling 
an earthquake or volcano, which actually swallowed up 
a portion of the cable, causing at the same time a 
mechanical injury to the telegraph wire. The cable in 
which this occurred was, however, retained by obtain- 
ing the cable on each side of the buried portion, and 
relaying fresh cable in a detour, so as to avoid the 
voleanic spot. The cable was so far buried on one side 
of the fault that it eould only be obtained by dredging 
at a point nine miles from the fault. ' 
In all these operations the weather may, at any 
stage of the work, interfere, and cause the work to be 
abruptly terminated for periods varying for two or three 
days to as many weeks or mouths.. Thus, sometimes, 
after two or three days’ unsuccessful dredging, the 





score of rivetting in a plate web is nid. 





Tae repairing of a submarine cable is not always 
an operation so straightforward as that we described 
in our last. In some cases the cable is sanded up at 
the spot where the dredging is attempted, so that the 
; This is only ascer- 
tained after perhaps a day or two has been devoted to 
fruitless attempts to grapple the cable. In such case, 
the cable is successively dredged for at points more and 
more remote from the fracture, until a place is arrived 


picking up, it may come on to blow so as to neces- 
sitate the cutting of the cable and buoying of the 
end. Buoys are occasio run down by ships, or 
break adrift, or are cut adrift by fishermen when 
they foul them with their nets, thus complicating the 
operations by leaving another end or two to be. 
dredged for. Heavy tides and dark nights render 
some of the operations of cutting, getting buoys in, 
and employing open boats, dangerous to perform, 
and not a few accidents have occurred to life and 
limb in these operations even during daylight. Dredging 


is f i . ‘cht’ oS 
be many miles away from the fault. The facies, B Sees Soares Onan fe anes § ae 


buoy, with one or two lanterns on it, being used to 
denote position. 

Tide or stream greatly facilitates the actual opera- 
tion of dredging, as the water moves with the grapnel- 
rope, and causes it to hang in a free catenary, thus 
with a given length of rope bringing its lower portion 
more horizontal than can be obtained when the rope 
has to be dragged through still water. 

But, besides this, the only strain on the grapnel-rope 
when dredging with the stream is caused by the re- 
sistance of the grapnel tearing through the ground 
plus the mere weight of the rope, whereas in the case 
of dredging in still water, the additional strain caused 
by the friction of the rope through the water is added 
to these other constant strains, and is still further in- 
creased by having to use a greater length of rope. 

Any given extra resistance to the passage of the 
grapnel along the ground, therefore, bears a much 
greater ratio to the constant strain on the grapnel- 
rope at the ship in the case of dredging with a stream 
than in the case of dredging in still water; or, in 
other words, it is much easier to feel when a cable is 
hooked when dredging with the stream than when 
dredging in still water. This is of great importance 
in dredging for a cable that is much rusted, or any 
cable that will not bear much strain, as the danger 
then exists of the ship dredging right through the 
cable without feeling the check. 

The handling of the ship during the operation of 
dredging is also more easily effected in a tideway, 
since, if there is not too much wind, the resistance 
caused by the pregadt in the ground is sufficient to 
keep the vessel headed to the tide, and thus ready to 
—_ up against it the moment any sudden check is 
felt. 

In dredging in still water, if there is any wind it is 
sometimes also possible to dredge with the grapnel- 
rope still leading direct from the bow sheave, the ship 
being laid so as to drift broadside on with the grapnel- 
rope leading out at right angles to the ship’s axis (or, 
in nautical terms, “growing broad on the beam”). 
When anything is hooked (unless the cable that is 
being dredged for is very tender), some strain may be 
put on the grapnel-rope by holding on a little, and 
thus checking the sbip’s head round, so as to be able 
to commence lifting the grapnel. If the ship is very 
large, and the cable very weak, this cannot be done ; 
cot the only means is to steam the ship round, slack- 
ing away the grapnel-rope during the operation, until 
the grapnel-rope grows straight ahead. 

Sometimes there is not sufficient wind to cause the 
ship to drift. In such case steaming has to be resorted 
to. Unless with disconnecting engines, it is very 
difficult to steam for any time in a given direction stern 
foremost. The grapnel-rope is therefore let go from 
aft, and the ship steamed slowly ahead. ‘Two ropes 
(in nautical language, “ springs”) are kept leading 
from the bow sheave, one on each side of the ship to 
the stern. When the cable is hooked, the ship is 
stopped as soon as possible, and the grapnel-rope is 
got by means of one of the “springs” into the bow 
sheave; the ship is then steamed and checked round 
until the grapnel-rope leads straight ahead. 








Torrepors.—The old hulk of the frigate America, floating 
in Fountain Lake, near Portsmouth, was blown up on Tuesday, 
for the purposes of experiment, by means of thirteen torpedoes 
fired simultaneously by an electric wire. The keel of the ship was 
but 4 ft. off the ground. Twelve of the torpedoes were directly 
under the bottom, and contained together 490 lb. of gunpowder 
and 10 Jb. of gun cotton, and another with 101b. of gun cotton 
was suspended under the port bow. The hull was broken 
through and sunk, yet none of the six torpedoes abaft the main 
hatchway opened the planking. ‘The main inferences to be 
drawn from the results may be considered to be that all torpe- 
does should be brought in close contact with the body they are 
intended to destroy, or they run the chance of proving harmless, 
and they should be brought directly under that body, or their 
force may be deflected, The first inference is ys Sager by the 
present undamaged state of the America’s after body, where the 
torpedoes were furthest from the ship, and the second 
by the fact of the slight damage done to the ship’s port. bow by 
the single gun-cotton torpedo, which evidently expended its 
force upwards with its immense column of water deflected off 





ship may be driven away; or, during the operation Of 


by the angle of the bow lines. 
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We gave, some weeks since, a 
description of the gun-carriage 
and disc-compressers designed A 
Captain Ericsson for broadside 
ships, the compresser being used 
also in the newer monitors. Ca: 
tain Ericsson has expressed the 
wish, to which we readily assent, 
to place u record in this 
country a fuller description of his 
invention, and we have engraved 
therefore a fresh illustration. 

“ Much time is lost in the ordi- 
nary method of controlling, by 
means of friction, the recoil of 
heavy guns, in consequence of the 
time consumed in tightening and 
relieving the compressors which 

roduce the uired friction. 

uch danger is also incurred in 
working heavy guns on board of 
ship during weather at sea, 
because the compressors must 
be relieved in order to roll the 
gun out after being loaded. An 
sudden lurch of the vessel while 
the compressors are thus relieved 
renders the gun uncontrollable, 
and endangers the lives of the 





ERICSSON’S COMPRESSERS. 





= 


Z 
RIA 








gunners, as well as the safety of 
the gun and carriage. 
“Much difficulty and danger 








is also “+. ~—y- in training or 





ointing heavy guns on board 
Hi ship, particularly during bad 
weather. The object of my in- 
vention is to overcome the diffi- 
culties thus enumerated. In order 
to save the time lost in tight- 








ening and relieving the present 
friction gear of gun-cariages, I 
employ a rotary compressor kept under constant pressure, com- 
posed of a series of circular metallic discs secured to an axle 
which passes through the side frames of the gun-carrriage, said 
axle having attached to it pinions the teeth of which work into 
toothed racks bolted to the inside of the gun-slides. Between 
the before-named metallic discs are inserted wooden discs fixed 
within a cylindrical box made of brass or iron, the circumference 
of which is provided with . This toothed cylindrical box I 
call a box-wheel. Into said box-wheel is geared a pinion which, 
by means of suituble hand gear, enables the gunner to run the 
gun in and out. By means of this hand gear the box-wheel 
may also be instantly locked, and the movement of the gun- 
carriage thereby at any time be checked. The training or 
pointing the gun I effect by means of a toothed rack attached to 
the slides upon which the gun-carriage moves, said rack being 
actuated by a pinion attached to the lower end of a vertical sbaft 
which the gunners turn round by means of winces and cog 
wheels. 

“ The accompanying general plan, * showing the arrangement of 
the slides and training gear for 15-in. guns, is drawn to a scale 
of } of an inch to the foot. The distance between the ports has 
been assumed to be as in the Madawasca, 27 ft. 6 in. from centre 
to centre. It will be found, however, on inspecting the plan, 
that the new training gear is applicable for 15-in. guns if the 
space be reduced to 20 ft., as the rack bars by which the guns 
are trained pass under the slides. Hence, even in the extra- 
ordinary case of fighting two or more opponents in different 
directions at one time, there will be no interference. It need 
hardly be observed tat by means of a toothed sector in the 
deck, or by means of tackle, the training gear might be attached 
to the slide frame in rear of the gun, as proposed for the British 
navy, & ee decidedly objectionable, as it exposes a great number 
of men before the open port. Apart from this, the rear of the 
slide will be so crowded with men during training, especially in 
& seaway, as seriously to interfere with the proper manipulation 
of the gun. By placing the training gear between the ports, it 
is not only protected from the enemy's fire, but admits of a 
sufficient number of hands being employed to train the gun 
rapidly under all circumstances. E belts are applied at the 
rear of the slides in case tackle should become necessary for 
some temporary purpose. 

a, a dropping the check lever of the training gear, the 
gun may be left standing at an extreme angle during the heaviest 
rolling. With regard to the hand gear and rotary compressor, 
they are now so well known that attention needs only to be 
directed to concealing the first pinion and wheel in the space 
between the two side plates of the carriage, The check lever 
attached to the latter, it should be observed, is so made that 
when either full up or full down it will stay. It should be 
noticed that the slides are forged with a projection at the ends, 
to which elastic cushions are applied for checking the recoil of 
the gun in case of mismanagement. 

“The accompanying plan, representing a transverse section of 
the carriage and rotary compressor, drawn to a scale of $ inch 
to the foot, shows the number and ‘orm of the friction discs.” 








Tue Turrets.—We understand that the Admiralty have 
resolved, in order to test as fully as possible in time of peace the 
turret principle, as fitted with the revolving tables and wheels on 
Captain Coles’s plans, to fire a steel bolt at one of the turrets at 
short range, from the Armstrong 10-inch or 300-pounder rifled 
12-ton gun, now on board the iron-armoured frigate Bellerophon 
The day is not yet fixed for the experiment. This suggestion 
was made some time since, in the debates on the Navy Estimates, 
and it is indeed time it was carried out. 

CreosoTinc.—Messrs. Young, Carrington and Co., of the 
St. Leonard's Iron Works, Perth, N. B., are making to a London 
order a creosoting tank 60 ft. long, 7 ft. in diameter, and intended 
to bear a pressure of 200 Ib. per square inch. 





* We do not give this i but our readers will find it in our 
former description —Ep. 








TORPEDOES FOR WAR. 

On Monday evening Mr. Holmes, an electrical engineer, gave 
a short but interesting lecture at the United Service Museum 
on the construction of the electric torpedo, as applied to the 
destruction of ships and the protectioh of rivers in naval and 
military tactics. Mr. Holmes made not the slightest pretension 
towards claiming any share in starting the original idea of these 
tremendous hidden engines of warfare, but, on the contrary, 
inted out how they had been used with more or less success 
jor some years past. All he had done in conjunction with 
Lieutenant Maury, late of the American navy, was to carry out 
a long series of experiments with a view to do away with the me- 
chanical and chemical means of exploding torpedoes and substi- 
tute in their place the more certain agency of ae When 
the Austrians used these weapons for the defence of Venice in 
the canals and channels which led to that city, they also em- 
loyed electricity to explode the submarine charge, but the way 
in which they applied it was so wy bey the low charges sent 
through the wire gave no indication that the machines were per- 
fect, whereas when they used high battery power the torpedoes 
always blew up. Thus they could never ascertain that their 
system of defence was in working order except by such tests as 
at once, by exploding the mines, rendering them all useless, 
The whole importance of these most valuable engines of defence 
turned, in fact, upon two points—first, that they could be ex- 
ploded to a certainty in less than a second of time; and, 
secondly, that the defenders who employed them should always 
be able to know with absolute certainty that all their component 
parts were in perfect working order. To do this Mr. Holmes, 
with Lieutenant Maury, invented a very simple apparatus, 
which worked infallibly. It only consisted of a bridge of five 
platinum wires, not thicker than a hair, which connected the 
two wires by which the torpedo is discharged before os 

the torpedo. Through this intense currents could be sent whic 
not only tested the perfect working order of*the apparatus, but 
enabled the operators at the two wires, say at different sides of 
a river, or different sides of a bay, for instance, to converse by 
means of Mr. Wheatstone’s automatic telegraph, and transmit 
warnings, or, indeed, any description of etalligence. When, 
however, instead of currents of intensity the battery was changed 
and accumulated currents sent through the wire, the powder in 
the torpedo was instantly exploded. As to these accumulated 
currents, the bridge of platinum wire offered such resistance 
that the electric fluid was, in a manner, forced down the two 
wires into the charge, and lighting the detonating a in- 
stantly blew up the whole mass. . illustration of this, Mr. 
Holmes took the ‘instrument which has been used for some 
years past at Edinburgh to fire the midday gun at Newcastle- 
upon-Tyne, and with this, after passing its wire through a 
miniature torpedo, he was able to converse with another gentle- 
man most rapidly upon Mr. Wheatstone’s alphabet telegraph 
dial. Directly, however, that this battery was removed, and 
one for the generation of voltaic electricity substituted in its 
place, the little torpedo blew up with force. Several were thus 
experimented upon, and the result was the same, except in the 
case of the two last tried, when from some defect of connexion 
in the battery, or some fault in the fuse itself, the powder failed 
to ignite. Mr. Holmes said he could not attempt to decide which 
was the best explosive to be used—whether powder, gun cotton, 
or nitro-glycerine. That was a matter for military men to con- 
sider; all he wished to do was to place a safe and infallible 
means of igniting any or either at their disposal. After explain- 
ing a telescopic apparatus by which the operators at either 
wire would be able to determine to a yard the position of an 
enemy’s ship, and therefore its position in reference to the sunken 
torpedo, Mr. Holmes concluded by stating that only the most 
simple precautions were necessary to protect the wire either 
from accidental injury, such as lightning or ships’ anchors, 
while malicious injury could, if not entirely guarded against, at 
least be discovered on the instant by the wires being connected 
with electrical bells, which would ring and keep ringing directly 


the continuity was broken. Even, however, if one wire was 

severed, it would be just as easy to ignite the torpedo with that 

which remained. Mr. Holmes concluded his lecture amid much 

applause, and on the motion of Rear-Admiral Codrington, who 

—- the chair, a cordial vote of thanks was passed to 
im. 








9-INCH ARMOUR PLATES. 

One of Messrs. John Brown and Co.’s 9-inch armour plates, 
as made by them for the Hercules target, was lately tested on 
board the Thunderer at Portsmouth. The 8-inch shunt gun, 
with a 801b. charge, and an elongated steel bolt, weighin 
152 Ib., was fired at a distance of only 30ft. The plate ha: 
been tested on board on the 17th instant, when twelve shots 
from the 95 cwt. 8-inch smooth-bore gun, each shot fired with 
13 lb. of powder, were planted on the face of the plate in a space, 
measuring from extreme angles of indents, of 34 in. by 19 in, 
The first five shots, all planted in a cluster, only produced an 
indentation in the deepest part of 2} in., and the seven shots that 
subsequently followed failed in producing any greater depth, or 
even in raising the slightest sign of a crack, surface or other- 
wise, in the metal, the iron merely spreading under the successive 
blows from off one indent to the other, according as the shots 
fell. It was this extraordinary tenacity and shot-resisting power 
exhibited by the plate that induced the Controller of the Navy 
to order it to be tried with the 8-inch Armstrong shunt rifled 
gun, its enormous powder ch and steel bolt, and with the 
plate bolted on its timber backing at, as may be truly con- 
sidered, the gun’s muzzle. Notwithstanding the wonderful 
success of the plate when tested with the 68-pounder gun, 
it was the opinion of all present on board the Thunderer 
that the minumum amount of mischief that would be done 
by the steel bolt from the 8-in. rifled gun would be its thorough 
penetration and burying itself in the timber backing behind the 
plate. The latter still remained bolted on its backing in the 
same position as when previously fired at, the spot selected for 
trial on that occasion being the right centre of the plate. On 
the present occasion the shunt gun was laid for the left centre, and 
when all was proclaimed ready, fired. A heavy fall and rumble 
upon the deck of the proof-room overhead followed the report of tiie 
gun’s discharge, and upon Captain Key and his officers entering 
the room (the guns on the Thunderer being fired from the 
deck below), the steel bolt was found upon the iron deck, within 
about 6 ft. of the plate, and “set up,” or compressed, 23 in. 
short of its original length, with a deep cross crack across its base. 
It was made from the best “ Firth” steel, and had done all thata 
steel shot could do, even from the 8-in. shunt rifled gun with 
its 30 lb. powder charge, but it had evidently not penetrated far 
into the plate. An inspection of the latter showed that the 
shot had struck 22in. from the plate’s upper edge, 24 in. from 
its lower edge, and 89 in. from the left-end edge. The greatest 
depth reached by the steel bolt was 3,3; in., but the mean depth 
might be taken at one-tenth less. ‘The appearance of the metal 
within the indentation, and of the edge round it on the plate’s sur- 
face, exhibited its excellent quality. Within the indentation it 
was all bright and smooth as polished steel, from its compression 
by the terrific blow of the steel bolt, and without any crack or 
flaw of any kind on the surface, except a coppery tinge round 
the outer circumference of the indentation, where the copper 
studs on the steel shot had come in contact with the iron of the 
plate. All round this indentation the iron was squeezed out in 
a kind of lip to the circular indent to about 3 of an inch above 
the plane of the surface of the plate. This was all the damage 
done, and the plate still hangs in its old position, as impervious 
to the 8-inch rifled gun with steel bolts, as ships’ armour, as it 
had oe proved to be to iron shot from the 8-inch smooth- 
bore gun. It 1 

been subjected at Portsmouth, and the plate itsel r 
proved superior to any other that has fee been placed under fire 
at that port, from the first plate tried for the Warrior down 0 
the present time. 


MONITORS v. BROADSIDES. 
To THE Epitor or ENGINEERING. 

Sir,—An impartial judgment on the merits of the 
two systems can never be properly arrived at unless 
their several advantages and faults be placed clearly 
side by side. I have, therefore, compiled the following 
lists, which give the several points contrasted together, 
as far as is known up to the present time. Of course 
there may be causes to alter them as time goes on, 
and war or the ——- of we Be nro or 
machinery may change advantage into disadvantege. 

I hove ongpened two vessels of nearly equal tonnage, 
both built on the most improved principles, and armed 
with the largest guns that each can carry. 

ADVANTAGES. 
Monitors. Broadsides. F 

It is certain that the largest © More guns can be carried 
guns can be successfully with a given weight of plating. 
worked. The absence of a hig The deck cannot fired 
deck enables the whole surface down upon. 
to be thickly plated without More than one gun cannot 








was the severest test to which a plate had ever 
f os undeniably’ 


additional weight. This gives 
no vulnerable point for attack. 








The small size of the oe 
revents the shot from being 
ikely to strike the machinery. 

All the guns can be fired at 
almost any one point. 

Great handiness is not re- 
quired, as the guns are pointed 
by the turrets. : 

Only a small surface is pre- 
sented to the enemy’s shot. 

They are very healthy vessels. 


be disabled by a single shot. 
There is simplicity in work- 
in ts. ‘get 
p Lape only one side is in 
action, a disabled gun can easily 
be replaced. ; 
The sea-worthiness 18 cer- 


tain. 

When built to fight on the 
end-on principle, no direct sur- 
face is presented to the enemy- 

There is more room. 

The ventilation is easier. 

The ships —— whep 
considered as ers. 

They cannot be run over by 


another vessel. 
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DISADVANTAGES. 
Monitors. Broadsides. 
Few guns can be carried. It is not certain that the 
The machinery is always largest guns can be carried, or 
liable to be deranged. served as rapidly as in the 
The turrets are liable to jam. turrets. 
There is always a nearly A large part is unprotected, 
direct surface of half the tur- and hence perfectly open to 
ret presented to the enemy’s being set on fire by shells, Mar- 
fire. tin’s or others. 
The low deck is liable to be Only half the guns can be 
run over by a higher vessel. used at a time when the action 
The guns cannot be very is only on one side. 
much depressed. Very few guns can be trained 
The deck can be fired down directly fore and aft. 
upon by guns higher out. of the The size of the ports gives a 
water. good entrance to the enemy’s 
The sea-worthiness is uncer- projectiles. 


single shell might do head. 


tain. 

The bursting of a shell in- damage over a large space, the 
side a turret is liable to kill battery being in one undivided 
nearly every one within it, area. 
amounting to a large portion The vessel must be more 
of the ship’s crew. handy, #.e., shorter, and there- 

The ventilation requires spe- fore more engine power is re- 
cial steam machinery. quired for a given speed. 

A large hole is cut in the 


ck. 

“When the vessel is considered 
as a girder, its shallowness is a 
weak point. 

I think the above is a tolerably just statement of the 


SOCIETY OF ENGINEERS. 
7th May, 1866. 
Zerah Colburn, Esq., President, in the Chair. 
‘* On Incrustation in Marine Boilers,” by Mr. P. Jensen. 
(Continued from page 318.) 

3. THE ewe of medicating the feed-water in a heater before it 
is admitted to the boiler, feasible and correct in principle as it 
appears, resolves itself, however, in a commercial question, and 
is contingent upon the price and bulk and other qualities of the 
substances proposed to be used for neutralizing the salts con- 
tained in the feed-water. Many substances have been proposed 
for this purpose, some evidently not of a harmless character, as 
regards the iron plates of the heater, some evidently so expensive 
as to be out of question, and only one or two of a really feasible 
character. This latter class will be treated under the next 


ead. 

4. The plan of admitting foreign.substances into the boiler to 
neutralize the salts, or some of them, contained in the seawater, 
has found favour with a great many inventors; suffice it to say, 
that nothing has appeared more likely in the eyes of practical 
and scientific gentlemen than soda. Mr. J. R. Napier has gone 
into an estimate of the commercial advantage of using soda ash for 
preventing mcrustations. He assumes the boiler to work at 270°, 
or about 26 1b. per square inch, and evaporating at that temper- 
ature 74 1b. of water from 100° per lb. of coal. The following is 
his table: 

Mechanical 
method. {Chemical method. 





of sediment-collectors. Various sorts have been proposed for 
this purpose; but it is not proposed to enter into this subject, 
for the reason that, applicable as they might be for many other 
sorts of boilers, they are not in the author’s opinion as regards 
marine tubular boilers as now universally adopted, except in the 
shape of one or two common scum-pans; because any compre- 
hensive system of pipes, pans, and vessels of any sort in the 
water room above the tube would impede the free circulation 
of the ascending and descending currents, and thus probably do 
more harm t! The author is, however, open to correc- 
tion in these remarks, by practical men having actually tried 
such appliances. And this leads to the consideration of proba- 
bly the most important element in the prevention of incrustation 
in marine boilers, viz., the influence that the construction of the 
boiler itself has upon the subject. 

If, as has been shown in the foregoing remarks, the sulphate 
of lime becomes all but insoluble in sea-water at a pressure otf 
20Ib. per square inch above the atmosphere, such as is now 
commonly used in marine boilers, and if it is a fact, nevertheless, 
that incrustation can be prevented in some boilers by means of 
proper and assiduous care, while noamount of care will prevent 
it in others, then we must arrive at the conclusion that the 
construction of the boiler, next to proper and convenient means 
of constantly observing the state of the water and careful atten- 
tion to it, forms the most important point in this inquiry. You 
may build marine boilers of very much the same general internal 
and external a to a superficial observer, and _ still one 
is a good and the other is a bad boiler to keep clean and to scale. 
It is obvious that it is only by the rapid and free circulation of 
the water and the steam that we are enabled to work with salt 
water at all. Itis further probable, that but for the circum- 
stance that the circulation becomes more rapid as you increase 
the working pressure, and consequently the temperature, 
hagher pressures than 20 lb., going even as high as 40 lb., have 
been found practical with salt water. The chief principle to be 
aimed at seems this, wherever the greatest heat is communi- 
cated to the plates there also ought to be the test facility 
given for a rapid circulation; and, secondly, make the boiler ac- 


Seawater supplied to boiler 15 Ib 8.33 
advantages and disadvantages of both systems, though} at100° . . . ‘ : 
it perhaps does not comprehend all. There is also | Water discharged at 270° 7.5 Ib. 83 
some difference between the Coles and Ericsson prin- ree eee 9 ita 7.5 Ib. 7.5 
ciples of turret-construction. It is affirmed that the 100° ar 870° 1008 rey 
Coles turret will not jam, and we know that the] (T, 32—T, 32) =1095 8215.5° 8215.5° 
Ericsson turret did frequently do so. Of these two} Heat discharged . . 1275° 142° 
systems, the following are the Fuelconsumedinevaporation| 1 Ib. 1 Ib. 


ADVANTAGES. 


Ericsson. 
Small hole cut in the deck. 
Can be made very water- turret. 
tight. Ease of turning. 
Good closers, to port-holes. 


Impossibility of its i i Thus it seems, he says, that it requires only 172 1b. of coal 
by oa ne x 85]b. of soda ash containing 50 pe ent of soda to be as efficient 
Diapvanragus. 74 ager pm crust as 1550 lb. of coal alone, which evaporates 


Ericsson. Coles. 
Liability to jam by shot Large opening in the deck- 
striking near lowest edge. i 
Small hole for passage of ret. 
men and ammunition. 


and shell. 


Upon the whole it seems that, for general purposes, 
the broadside system, if properly carried out for end- 
on fighting, is the best. If certainty of seaworthiness 
is not primarily considered, it is evident that the turret 
system is best for small vessels, and the broadside for 
large ones. The my | weakest part of a broadside 
vessel is just above the belt of armour ; for supposing a 
§00-pounder segment shell with 50 Ib. bursting char 

eve to make an entrance there, and explode in the 

ve of the ship, its effect might well be felt down to 
the nuld, as there is no plated deck to stop its energy. 
The weakest points in the turret system are complica- 
tién, liability to jam, and low deck. Supposing, for 
example, that in a two-turreted vessel one of the turrets 
were jammed, and its guns were pointing exactly to- 
wards the other turret ; they would be perfectly useless, 
and the deck might be boarded, torpedoes, &c., intro- 
duced on the side of the jammed turret furthest from 
the other. One of the principal advantages urged in 
favour of turrets is that the largest guns can be worked 
inside them, and many people put no limit to the size 
of the guns that can be made. On the other hand, 
there are those who think the 600-pounder above the 
practical limit. I do not think that the 600-pounder is 
above the limit, though it may be tolerably near it. The 
one that burst the other day did not do so prematurely, 
but its failure was expected, as a flaw had been ob- 
served in the inner tube ever since the first day’s firing. 
The limit, however, is sooner reached than theory 
would lead us to expect, as the proportionate length of 
shot and charge remaining the same, Mr. Lynall Thomas 
tells us, from his experiments, the pressure increases as 
the cube of the diameter. This remarkable increase he 
attributes to the great excess of heat developed in large 
charges over that developed in small. 

A short time ago some of the cake powder used in 
the Rodman guns was brought over from America to 
tested here. It was found, however, quite incapable 
f usefully throwing shot out of our rifled guns. ‘This, 
and also the fact that the 20in. guns are made of cast 
on, does not inspire great confidence in their 

ciency, Yours respectfully, 


15th May, 1866. 








Coles. 
Large and steady bearing for| Totalfuel . . . 


Annular opening round tur- 


Liability of cover to opening 
being pierced by pieces of shot 


Fuel consumed in prevent- 1 | £0172 1b. coal 
ingerust. . . } -156 Ib. com .0085 1b. soda ash 


1.155 1b. coal | { Tog, coat ai 








equally expensive when soda ash is 16.2 times dearer than coal. 
This ratio varies with the efficiency of the fuel and the tempera- 
ture of the evaporation. In this instance the loss by blowing 
off amounts to 14 per cent. Now there is no doubt that soda 
is 4 very good remedy against incrustations, and it has been re- 
peatedly recommended by eminent chemists. Unfortunately 
even this remedy, so a and efficacious as it has proved, 
has its drawback, and that of a very serious nature. In a 
German scientific periodical, ‘ Dingler’s Journal,” volume 130, 
pase 153, A.D. 1853, we find it mentioned that Professor R. 
resenius had recommended the use of a certain quantity of 
soda as a simple and cheap means for preventing incrustations 
where water is used that contains sulphate of lime (or plaster of 
es He had used it some months and with very good results. 
he factory boiler in question, that formerly used to be scaled at 
proportionately short intervals, now remained ectly clean, 
and even patches of old incrustation too hard for removal had 
disappeared. 
But repeated trials and careful examinations had shown that 
a continued use of soda attacked the boiler plates very much. 
Dr. Zimmermann thought that all commercial soda contained 
more or less cyan, and that this is the reason of the corrosion of 
the plate. Dr. Rudolph Béttger, who mentions this fact in his 
* Polytechnisches Notizblatt,” of 1853, No. 20, says that he has 
made several experiments himself, according to which all com- 
mercial soda even from the most respectable firms contain cyan- 
natrium, and in consequence of this discovery he warus others 
against using it in boilers for the purpose of preventing incrus- 
tations. It is important to bear this fact in mind at a time 
when we find the chief inspector of the Manchester Boiler As- 
sociation recommending the use of soda in steam boilers. Be- 
sides it must be remembered that such foreign bodies introduced 
in the boiler produce priming, with all its evils. 
5. Blowing off.—The original practice at sea was, it is believed 
to blow off from the bottom only, which was not found eftica- 
cious. Subsequently, additional blowing off from the surface 
was resorted to, and this first at stated intervals and subsequently 
continuously. Thus we find Henry Maudsley and Joshua Field 
already in 1824 taking out a patent (A.v. 1824, No. 5021) for 
withdrawing a fixed quantity of brine by meters of any kind; 
they preferred a pump with a loaded discharge valve drawing 
from the lowest part of the boiler. They also in this patent 
mention a tubular regenerator for heating the feed-water by 
means of the heat of the brine drawn off. These brine pumps 
were at one time used to some extent, but have now been super- 
seded by the surface blow of system, because it was found that 
the pumps and the regenerator got choked with salt and thus 
became inefficient. Blowing off from the bottom has now be- 
come almost —— by surface blowing off, because the 
latter plan has been found the more efficient of the two. The 
impurities contained in the seawater being, by the application of 
the heat of the furnace, brought out from the state of chemical 
solution into that of mechanical mixture in minute particles, 
floating about in the lot water and steam, are by the circulation 
of the steam and water floated to the surface in or along with 


b. of water from 100° at 270°. And these methods are 


cessible in all its internal eS and more especially in those most 
vital, viz., those ia which scale when formed is most injurious 
and dangerous, which are those exposed to the greatest heat. 
The scanty room generally allotted to marine boilers makes it a 
difficult task for the designer to meet the above requirements 
without at the same time losing sight of other important con- 
siderations, such as economy and strength. The common multi- 
tubular marine boiler may be so designed (and this does not 
happen very often) that it gives little trouble to the engineer in 
charge to keep clean and to scale it: the tubes must not be too 
close upon each other, and not too many rows in the vertical 
line; ample room must be left for a man to get in to clean the 
furnace crown, the back tubeplate, and the spaces between the 
tubes. The plan of inclining the back tubeplate somewhat so 
as to allow the steam to escape more freely from the same has 
found favour with many engineers, and has also collateral 
advantages. Of late years a multitubular boiler of another 
description, the vertical water-tube boiler, by Mr. Martin, a 
chief engineer of the United States Navy, has become exten- 
sively adopted in the United States Navy, and esses, no 
doubt, advantages as regards scaling the tubes, the water being in 
them, and the heated products of combustion passing outside and 
amongst them; this circumstance renders them more easily 
scaled inside by circular scrapers than it is practical with the 
tubes in our common marine boilers, that want scaling outside 
and never can be effectually scaled by mere mechanical means. 
The Field boiler, now oa known amongst engineers, and be- 
cause of the very rapid circulation in the tubes possessing the im- 
portant advantage of keeping the tubes themselves and also the 
tubeplate in which they are inserted free froin scale, ought todo 
well Tor marine purposes, one sbould think, although, of course, 
practice will answer that question. In American men of war, 
where they seem to be able to afford more boiler space than in 
the British Navy, is often used a long circular return-tube 
boiler, the tubes being of large diameter (say 1 ft. or more), 
with very ample water spaces around and between them. They 
are, on account of their shape, capable of working with 30 lb. to 
40 lb. per square inch almost without staying, and also to use 
salt water at higher pressure. Many other boilers proposed or 
adopted for marine purposes might be mentioned, but it would 
be to travel beyond the subject to go into details of this question. 
To illustrate the importance that has at all times attached to 
this subject, it will well to enumerate the more prominent 
atents that have been taken out in this country for preventing 
incrustation in marine boilers. 

Messrs. Maudsley and J. Field, 1824, No. 5021. This has 
been mentioned before. 

Mr. W. A. Johnson, 1838, No. 7714. He proposes to put 
pieces of broken glass into the boiler, or broken porcelain, 
pottery, scraps of iron, shot, shell, or other hard substances, 
which he thinks, by the circulation of the water, will be scoured 
against the sides of the boiler, and keep it clean! The circula- 
tion must be very strong indeed. 

M. F. J. Delfossé, 1848, No. 11,847. He adds a compound 
consisting of dry tannic or gallic extract, hydrate of soda (soda 
without carbonic acid), muriate of soda, and subcarbonate of 
potash. The proportions vary according to analysis. For loco- 
motives and marine boilers he adds this compound every two 
days or more. 

Mr. J. T. Beale, 1848, No. 12,185. He adds a compound 
consisting of human urine with a little caustic potass, soda, or 
lime. Two ounces of this per cubic foot of water contained in 
the boiler. Marine boilers, he says, must be blown off in the 


usual way. 


Mr. J. Horsley, 1849, No, 12,592. He proposes to purify the 


the globules of steam rising to the surface, aud there held in | 8¢4-Water before going into the boiler, by treating it with oxalate 
suspension in the bath of steam and water till accumulating to | of potash and ammonio-phosphate of soda; for water, as in the 
such an extent as to subside to the bottom, or, in their down- British Channel, he uses 2 drachms of oxalate of potassa to 2 oz. of 








Intimately connected with the question of blowing off, is that 


precipitate forms a splendid manure; 
nice analysis so as not to render the water injurious by an over- 
d 


ward course adhering to the surfaces coming in their way. It ammonio-phosphate of soda for every ae of water. The 
is hence obvious enough why it has been found advantageous to 

Tyre Ro \G.—Messrs. Naylor, Vickers, and Co., of | Catch these impurities before they can do any harm, and blow 
i a have ~ ed their tyre rolling-mill to Mr. Wm. C. | them off. 


ut it requires a very 


Ose. 


(To be continued.) 
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THE ARMOUR-CLAD SHIPS OF FRANCE. 


By ission of Mr. Bourne, we reprint the following remarks 
and table from Part VIII. of his work on the Screw Propeller. 

As a sequel to the tables of the dimensions and performance 
of the screw steamers of her Majesty’s navy, I here introduce 
tables showing the dimensions, speed, armament, cost, thickness 
of armour, and other particularg of the ironclad fleets of France 
and England. These tables are so explicit as not to require any 
further description. : 

In England, and also in America and some other countries, a 
class of swift wooden steamers with a heavy armament, but with- 
out armour, has been introduced to prey upon the commerce of 
the enemy in the event of war. But all war vessels intended to 
encounter other war vessels are now defended by armour; and 
the strength of the ironclad navy of every country is now con- 
sidered to be the measure of its naval force. In the ironclad 
navies of most European Powers the broadside system of arma- 
ment is almost exclusively employed; and as on this system a 
large surface has to be protected, the armour has to be 
made correspondingly thin to enable the vessel to carry it, and 
the guns are not of very large dimensions. In America, how- 
ever, most of the ironclads are built upon the monitor or turret 
system, invented by Captain John Ericsson, of New York, and of 
which an example is given in the plate and description of the 
Dictator in the present work; and in these vessels, as the area 
to be protected is very small, the armour may be made so thick 
as to be impenetrable to any gun at present existing or likely to 
be soon introduced. In the broadside vessel Bellerophon, the 
thickness of the armour-plating is 6 in., backed with 10 in. of 
teak, and the guns are of 10} in. bore, whereas in the American 
turret steamer Dictator the armour-plating on the sides is 
104 in. thick, backed with between 3 and 4 ft. of oak, and the 
iron of the turret containing the guns is 15in. thick. The guns 
of the Dictator are of 15 in. bore, and those of the Puritan 20 in. 
bore, yet the Dictator is a smaller vessel than the Bellerophon ; 
and if her displacement were made as great, then the thickness 
of the iron of the turret might be increased to 24 in., and the 
thickness of the side armour and the size of the guns might also 
be proportionately augmented. Russia and Sweden and Nor- 
way are the only European countries which have yet adopted 
the monitor system. Yet there cannot be a doubt that in any 
contest between a monitor and any existing broadside armour 
vessel of equal size, the broadside vessel would inevitably be 
destroyed, simply because the monitor has the thickest armour 
and the heaviest guns. Targets representing the sides of our 





strongest ironclads have all been pierced by the 13}in. gun’ 
charged with about 70 Ib. of cannon powder. Much more readily 
would they be pierced by 20 in. guns like those of the Puritan, 
fired with 120 to 140 lb. of cannon powder; while, on the other 
hand, armour such as that of the Puritan or Dictator would be 
quite impenetrable to the shot of any gun we could bring to bear 
against it. The fact appears to be that in their present unde- 
fended condition the armour-clad fleets both of France and Eng- 
land are altogether a mistake, as they are not shot-proof, neither 
are they capable of piercing vessels of the monitor class, with 
which, in the event of war, they would no doubt have to contend. 
The monitors are generally armed with only two guns, and their 
fire is therefore too slow for such purposes as require numbers 
of small shot widely spread rather than great and concentrated 
force. But in any naval action each ship must stand the brunt 
of the worst that its antagonist can do; and while the small shot 
of a broadside vessel, such as the best of those in the French and 
English navies, would be powerless against such vessels as the 
Dictator, the injury which the broadside vessel would suffer 
from the heavy guns of the monitor would be so great that she 
would inevitably be sunk or captured. Guns such as those of 
the Puritan would break great holes in the armour even of such 
a vessel as the Bellerophon, and would carry forward the broken 
fragments in a cone of destructive — while by no expe- 
dient of attack could the Bellerophon materially damage her 
monitor opponent. If she were to attack her with her beak, or 
to try to run her down, it would be found that the beak would 
engage the armour shelf of the monitor, which is 4 ft. thick, 
before it could touch the unarmoured skin of the vessel; and as 
the upper part of the sloping beak would come in contact with 
the lower edge of the armour sheif, the collision would rather 
tend to lift the monitor than to depress her. Seeing, too, that 
the armour shelf is much stronger than the beak, the result of 
violent impact would be to break or damage the beak or to stave 
it in. If the broadside vessel were to fire down on the deck of 
the monitor, the result would not be much more auspicious. 
The greatest angle to which the Bellerophon could depress her 
broadside guns, without bringing them into contact with the to 

and bottom of the ports and the deck above, is an angle of ie 
with the horizon. But the deck of the Dictator is very strong, 
and is covered with iron 2 in. thick; and experiments made in 
America in firing at a target weaker than the Dictator deck with 
a larger gun than the guns of the a and at an angle 
of 15°, resulted in the whole shot being deflected, not one of them 





Frencn ARMOUR-PLATED SHIPs. 





having passed through. The decks of the monitors are made 
perfectly water-tight, and the air —— for combustion or 
ventilation is drawn through the top of the turrets or through 
shot-proof trunks se high above the deck, and which 
admit the air but exclude the water. The monitors are, conse- 
quently, excellent sea boats, as there are no open gratings or 
hatches through which the waves could enter in washing over 
the deck; and, ae there is no risk of foundering in 
heavy weather in the way the Amalia and London foundere in 
the Bay of Biscay from the entrance of water through insecure 
openings in the deck. The monitors are reported to be very 
steady vessels at sea, whereby they are enabled to take a better 
aim with their guns than common vessels can do. Their venti- 
lation is more perfect than that of any other vessels afloat; and 
the Secretary of the Navy in America reports to Congress that 
they have been found to be the healthiest vessels in the American 
fleet. Russia has a large fleet of monitors in the Baltic, which 
have been built from the American designs; so that both in the 
old world and in the new there are turret ironclads already 
existing with which the broadside ironclads of France and Eng- 
land might at any moment be confronted, and with which they 
would be quite unable successfully to contend. There cannot be 
a doubt that all maritime nations of any belligerent pretensions 
must adopt the monitor form of vessel—at least in part of their 
fleet; for, unless monitors are available to defend broadside 
vessels against the hostile monitors which the enemy would be 
sure to — the broadside vessels would inevitably be de- 
stroyed. In any new naval war torpedoes exploded under the 
bottoms of vessels are likely to play an important part, and sub- 
marine vessels for fixing such torpedoes will no doubt be intro. 
duced. Guns fired cane water will also be tried, and the whole 
art of naval warfare will undergo a transformation much more 
marked and momentous than that caused by the introduction of 
armour. I consider the ships composing the present ironclad 
fleets of France and England to be futile constructions, They 
are all penetrable by the guns of powerful monitors, such as the 
Puritan and Dictator, while they do not possess a gun which 
would be of any avail against the thick armour of those vessels, 
It is quite time that we should look in the face the perils to 
which our fleets would be exposed in the event of a maritime war 
occurring with any Power which can command the aid of inventive 
engineering talent of a high order; for there can be no doubt that 
in such event destructive novelties would be introduced by which 
our weak and antiquated vessels would be overwhelmed. 
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Magenta . .| 6737 4164 8573 1000 25 10 8 734} 282 1 56 8 Brest - |Mazeline .| June, 1859 |Feb., 1863 | 161,281] 57,200 4.7 915 | 13.7 
Solferino . .| 6692 4311 2381 1000 25 104 5 8 282 1 56 8 | L’Orient . |Mazeline .| June, 1859 |April, 1863} 171,149] 57:200 4.7 915 | 14 
Couronne . .| 5983 8791 2192 900 24 113 8 11 262 5.) 54 9 | L’Orient . \Mazeline -|Feb., 1859 |Feb., 1862 | 191,996] 49,680 | 3&45| 699 | 13.3 
Gloire . . .| 5630 8387 2243 900 25 54 8 7 255 6 55 9} Toulon . \C.de la Med| May, 1858 |Aug., 1860| 142,182] 49,680 4.7 799 | 13.4 
Invincible . .| 5524 8342 2182 900 | 25 7] 2 si 255 6| 55 9) Toulon . \C. de la Med| May, 1858 |Mar., 1862 | 148,219} 49,680 4.7 811 | 13.4 
Normandie .| 5636 8535 2101 900 25 11 43 255 6 55 9 | Cherbourg /Mazeline -|Sept., 1858 |Nov., 1861 | 143,235} 49,680 4.7 “99 | 13.5 
Flandre . .| 5712 | 8446 | 2265 | 1000 | 25 3 | 4 7 | 262 5| 55 9|Cherbourg|Mazeline .\Jan., 1861 |April,1865| .. | 63,200) 59 | ¢~! ... 
Gauloise . .| 5711 8446 2265 1000 | 25 8 4 7 | 262 5| 55 9|Brest ./|Mazeline .Jan., 1861 |April, 1865 ont 60,000 5.9 % om 
Guyenne . .| 5711 8446 2265 1000 25 8 47 262 5 55 9 Rochefort Indret -|Mar., 1861 April, 1865 ons eee 5.9 ees 
Héroine . .| S711 8446 2265 1000 25 3 47 262 6 55 9 | L’Orient . Mazeline - June, 1861 |April, 1865 one 53,200 5.9 bn oe 
Magnanime :| 5711 | 3446 | 2265 | 1000 | 25 3 | 4 7 | 262 5| 55 9/| Brest .|Mazeline .Feb., 1861 |April, 1865} -.. | 59,600| 5.9 he ee 
Provence . .| 5711 3446 2265 1000 | 25 8 4 7 | 262 5| 55 9) Toulon . |C.dela Med Mar., 1861 |Jan., 1865 oe 538,200 5.9 5 | 142 
Revanche . .| 5711 | 8446 | 2265 | 1000 |25 8 | 4 7 | 962 5| 55 9| Toulon .|C.delaMed|Mar. 1861 |Jan.,1865| ... | 60,000] 65.9 el 
Sevelr . . .! 6711 3446 2265 1000 | 25 8 4 7 | 262 5| 55 9| Toulon .|C.delaMed|Mar., 1861 |Jan., 1865 on 59,600 5.9 ae 
Surveillante .| 5711 8446 2265 1000 25 8 47 262 5 55 9 | L’Orient . |Indret - Jan., 1861 j|Jan., 1865 se eee 5.9 985%:' 2... 
Valeureuse .| 5711 8446 2265 1000 25 3 4 7 262 5 55 9 | Brest . Indret -| May, 1861 |Jan., 1865 eee eee 5.9 985 |, (1... 
Belliqueuse .| 3348 2137 1211 900 | 19 6$| 8113 | 229 7 | 45 11 | Toulon . \C. dela Med/Dec., 1863 |Jan., 1865 oe 21,200 5.9 ses so 
Taureau .. 2488 1867 571 900 16 4 wn 196 10 47 6!Toulon . |Indret -|Nov., 1863 |Jan., 1865 r= eee 5.9 815 oe 
Paixhans . 1} 1589 | 1174 | 365 | 150 | 8 8t| ... | 15510] 46 0 | Bordeaux |C.delaMed May, 1859 |May, 1863 | 35,200] 7,260) 45 | 279] 7 
Palestro . . 15389 1180 859 150 8 8 ose 155 10 46 0 | Bordeaux |C.dela Med July, 1859 |Sept., 1862} 35,200 7,260 4.5 279 7 
Peilho . . .| 1507 | 1154 354 150 | 10 65| 0 6 | 152 2| 46 0 | Bordeaux |C.dela Med July, 1859 July, 1862 | 35.200] 7,260] 45 | 279] 7 
Saigon. . .| 1507 | 1149 359 150 | 9 10 ws» | 15510] 46 0 | Bordeaux |C.dela Med July, 1859 |Aug., 1862} 35,200] 7,260; 4.5 | 279| 7 
Arrogante .| 1331 1381 eee 150 8 81 | | 144 4] 4710 Nantes - ‘Schneider . Mar., 1862 |May, 1865 des 8,100 5.5 eee ove 
Implacable .| 1331 1331 one 150 8 8) | 144 4] 47 10 Nantes. Schneider .|Mar., 1862 April, 1865 ote 8,100 5.5 eee 7.5 
Opinionatre .| 1331 1331 ee 150 8 83} } 144 4] 47 10 | Nantes . |Schneider .|Mar., 1862 |April, 1865 oie 8,100 5.5 ove 7.8 
Embuseade .| 1222 1222 eve 150 9 104 | 129 7} 51 2 | Bordeaux |Schneider .|Jan., 1862 pet on 8,100 5.5 7 one 
Imprenable .| 1222 1222 _ 150 9 6 | 129 7] 51 2 | Bordeaux |Schneider .\Jan,, 1862 “ ose 8,100 5.5 of os 
Protectrice .| 1222 1222 Gia 150 9 6 ms | 429 7 51 2 | Bordeaux Schneider .|Jan., 1862 _ oe 8,100 5.5 = on 
Refuge . . .| 1222 1222 an 150 9 6) | 1129 7 51 2 | Bordeaux (Schneider - Jan., 1862 pan pow 8,100 5.5 Pe 3 


























The whole of the foregoing vessels were designed by 
have poops and forecastles, and the rest have not. T 

four 66 pounders rifled; the arma 
ment in battery of the Couronne is ten 1 
twelve 110 poun 
110 pounders an n 
and two 66 pounders, rifled. 


10 pounders and twenty 66 pounders, rifled ; of the Gloire and Invincible, each twelve J 10 
ders and twelve 66 pounders, rifled ; besides which, each of these four vessels has on the upper deck four obusiers, 
d twenty 66 pounders, rifled; and of the Provence, twenty 110 pounders and ten 66 pounders, rifled ; besides which, each of those vessels has on the upper deck two 110 pounders 


the Director of Material, except the seven last, which were designed by M. Lemoine, naval architect. The sixteen first vessels in the list 
e armament in battery of the Magenta, on the lower deck, is sixteen 110 pounders and ten 66 pounders rifled, and on the main deck twenty- 
mament in battery of the Solferino is the same as that of the Magenta, besides which, each vessel has on the upper deck two obusiers, 8.65 in., rifled. The arma- 


unders and sixteen 66 pounders, rifled; and of the Normandie 
.65 in., rifled. The armament in battery of the Héroine is ten 





TWEDDELL’S TUBE-FIXER. 
To THe Eprror or ENGINEERING. 

Srr,—I observe your favourable notice of my improved 
hydraulic mandril in last week’s number of EnGinEKRING. The 
description, which I presume is taken from the patent specification 
just published, is perfectly correct as regards the principle and 
manner in which it acts, but necessarily gives no proof cf its 
practical utility. The mandril, as now manufactured, has fixed 
wrought-iron marine boiler tubes, 3} in. in diameter, at the rate 
of from 40 to 50 ends in one hour, and made them tight under 
both steam and cold-water tests. The pressure employed is 
from 1} to 14 tons per square inch, which gives a total pressure 
on the piston of from 15 to 20 tons, the machine, when of a 


size to exert this power, being of such dimensions as to be easi] 
lifted and worked by one man; and the force pump, which is 
suitably connected, requires another to work it. The apparatus 
is especially arranged for use on board steamers, to execute re- 
pairs in port, either at home or abroad, as well as for factories 
and boiler-yards. I should not have troubled you with the 
above remarks, were it not that they justify the hopes you enter- 
tain of its probable usefulness in your notice last week, and I 
believe it to be a useful and tical addition to the branch of 
mechanical engineering to which it belongs. 
Your obedient Servant, 
Ratrn Hart TWEDDELL. 
44, West Sunniside, Sunderland, May 14, 1866. 











Tue Great Eastern Rateway.—We understand that Mr. 
Samuel W. Johuson, late locomotive superintendent of the North 
British Railway (Edinburgh and Glasgow district), has accepted 
the appoiutment of locomotive superintendent of the Great 
Eastern Railway, and has already entered upon his duties. __ 

Prices In AMERICA.—The average cost of railway iron im 
New York, in the year 1864, was 105 dols. per ton, equal to 
about 151. in gold, allowing 7 dols. of paper currency to the 
pound. Last year the average cost of iron was 90 dols., equal, 
at the improved value of the currency, to about 14/. per ton in gold 
Of the fifty-six locomotives purchased by the Erie Railway Com- 
pany, a considerable number cost 35,000dols. each, equal to 
more than 5000/. in gold! 

ru 
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A TRIP TO AMERICA. 


Txose who can brave the passage to Calais or 
Boulogne may cross the Atlantic with no greater dis- 
comfort, and, if they are those who really enjoy the 
sea, with very much greater comfort. Many gentle- 
men in our profession are, as we have had occasion to 
know, about to make the run over this season. It is 
done in nine or ten days each way, at a cost not much 
beyond that of staying in town, and to many the trip 
will amount to a new sensation, exceeding that to be 
derived from the same expenditure of time up the 
Rhine and in Switzerland. The Continent this year 
is likely to be shaken by war, and no one can say how 
far the havoc may extend. Even if the roar of cannon 
does not reach Heidleberg and Geneva, bulletins and 
battles are nearly certain to form the chief subjects of 
interest throughout Europe for many months to come. 

A row in which those who look on have no provo- 
cation to participate may in some cases be amusing, 
but we believe that even the thickest-skulled and 
emptiest-headed son of Erin would find scant fun in a 
contest which may, from what we can now see, turn half 
of Europe into mourning, and, for the rest, kindle only 
pity and sorrow for human ineape and human frailty. 

The Americans are only fairly out of their war, but 
happily they are at peace at last, and if one makes up 
his mid to go from home he has much to induce him 
to go among them. Indeed, to wherever a journey be 
directed, there is a comfort in getting away from war, 
pestilence, and panic; from the feverish bulletins 
which are stopping our Continental trade, from the 
warnings of cholera and the ravages of the cattle 
plague, and from the collapse of companies in which 
one is “in” for ten, fifty, or a hiadred shares of ever 
so much liability, away to new scenes affording re- 
creation and instruction of the kind which one 
receives insensibly, or, still better, with positive 
pleasure, instead of the doses of knowledge which 
one has to absorb in the way of business. 

From Liverpool one has the choice of several lines 
of steamships. There are the Cunarders, large, 
reasonably fast, and handsomely fitted. But the Scotia 
and the Persia are generally in great request, and 
therefore a little overcrowded, and they notoriously 
make bad weather of a head sea, and ship no end of 
water over the bows. ‘They are distinctively “ wet 
boats.” And there are many who like first to see 
Canada, and to go thence into the States. There are 
the Montreal steamships, built and engined by the 
Dennys of Dumbartvi—fine, fast, and comfortable 
screw vessels. But the Messrs. Allan have lost many 
agood ship in the mouih of the St. Lawrence, and 
we cannot say that we could commit ourselves to the 


voyage oid Rivitre du Loup without certain mis- 
vings. Our own choice would incline to those of 


the Cuntd fleet which run to Boston. They are as 


safe ~e Bank of England, and offer many old- 
fashio ‘home comforts. Let us then go to Boston 
vidi. ax. The New England capital—the “ Modern 


Athens, ?»gnd which, as Bostonians are accustomed to 
believe is “the pivot of the universe—is more like an 
town than any other, except Quebec, which 

we: il find in America. Its streets are up and 
dow:,, out’ and in, and often terminate in dead walls 
and cul de sacs. But it is finely built, and its 300,000 
inhabitants (including those of the suburbs) are im- 
mersed in what the French call “ affairs.’ As en- 
wry we.will see what we may. With a rise and 
all of tide of but 12 ft., the eters has no en- 
closed docks, and, with the exception of one in the 
Charlestown navy-yard close by, no graving dock. The 
single exception is one of hewn granite, and is really 
a superb work, worth seeing. We shall see how the 
original peninsula upon which the town is built has 
been doubled in extent by “ filling in,” and we shall 
see thousands of handsomely built red brick houses, 
with twenty-two bright green Venetian window- 
shutters each, towering upon the acres and acres of 
‘made land.” We shall see the eight railway termini, 
and qeanitly admire the great granite structure, with 
its Tudor architecture and lofty embattled towers, 
Which forms the “ depét” of the Fitchburg Railroad ; 
and we shall look curiously along the piled timber 
ndges, from one quarter of a mile to a mile long, 
Which connect the railways and the principal roads of 
ston with its suburbs. The Cochituate Waterworks, 
supplying the town by gravitation, and terminating in 
4 reservoir—a great temple of granite on Beacon-hill 
—the Bostonian Acropolis, will occupy brief attention. 


€ shall see here also the irrepressible street railway 
‘ie upon Train’s horse railways, threading all parts of 
local for it is a city as much as Londou—past the 


otk of 50 acres, known as “ Boston-com- 





mon,” and past the old South Church in Washington- 
street, where the sacreligious British cavalrymen 
stabled their horses just ninety years ago; and we 
shall, if we are in Boston on the 17th of June, two 
days after Englishmen have done thinking of Waterloo, 
see much local pageantry, and hear much local discord 
of drum and fife, commemorative of the battle of 
Bunker-hill—the first pitched battle in the American 
revolutionary war, and in which the rebellious seces- 
sionists of 1775 fought bravely and were beaten. 
There stands Bunker-bill Monument, a ite obelisk 
220 ft. high, almost in sight of our hotel (the Revere 
House, if you are well advised), to perpetuate the 
recollection of that unhappy yet glorious day. 

Donald McKay, who is always writing such lively 
letters about the navies of Europe, has or had his ship- 
building yard on Noddle’s Island, now, by courtesy, 
East Boston. On public grounds we need not look 
him up. Nor shall we yet, although we are in or near 
American waters, see the best type of American steam- 
boats. They are of the River Hudson and Long 
Island dum: and we shall come upon them in due 
course of travel. 

We can go from Boston, vid Portland, to Montreal, 
the route from Portland being upon the 5 ft. 6 in. 
gauge, and past the feet of the White Mountains, with 
their-eternal crowns of snow, a mile aloft.. After these 
the wilderness for miles and miles, relieved by what 
the inhabitants of a new country like to call civilisation, 
but which to us is nature still unhewn and unclothed in 
artificial garb, although her native drapery of forest 
may have been in part cut and burnt away. We see 
the whole of the American railway peculiarities—the 
“track” laid in open country, a highway for whoever 
or whatever likes to walk upon it, the “cars,” like 
long rows of cottages in common, and with unlimited 
choice of seats, the drusgue “ conductor,” who combines 
the functions of guard, stationmaster, and managin 
director, the engine, with its coat of Russian iron cad 
polished brass, its glittering paraphernalia of double 
steam domes, sandbox, bell (a miniature Great ‘l'om), 
whistle, which is one of the institutions of the national 
system of railways, a howling reservoir of sound as big 
as the great steam gong which summons the workmen 
at Crewe, and the engineman’s “cab,” glazed and 
decorated with gorgeous lithographic prints, and the 
voleanic spark-arrester or “stack” and the great ram 
ahead, known as the “ cow-catcher,” a sort of sub- 
merged bow, of the form which M. Dupuy de Léme so 
lately disclaimed as applied to his ships. Good 
gracious, how we tear over the ground, 25 miles an 
hour at least, and what with the jolting, and the 
smoke and the dust, and the ringing and bellowing of 
the Great Tom and the great steam gong, we might 
imagine ourselves much nearer Bedlam than we happen 
to be. Longueil is reached at last, and we have before 
us one of the grandest of American rivers, spanned 
by a great iron tunnel a mile and a quarter long. As 
we look across at Montreal, we cannot now form a 
notion of the St. Lawrence, covered with masses of 
floating ice, each of the weight of a great armour-plate, 
and hurrying down at the rate of ten miles an hour. 
The piers of the Victoria Bridge, with their ice-breakers 
sloping sharp and nis stream, have need to be well 
grounded on the rock beneath. Mr. Stephenson’s only 
anxiety with respect to this work was for the stability 
of the piers: the tubes, for all their size and number, 
presented no uncertainties. And poor Ross, who was 
the resident engineer, broke down with his work just 
as it was finished, and, while the Prince of Wales was 
driving the last rivet, was resting in an asylum, thence 
to come home to die. To Toronto, Hamilton, and 
Niagara Falls, over the best constructed railway in 
America, the blue waters of Lake Ontario far on our 
left, and the deep green forests and many-acred farms 
of Canada alternating with each other all the way, 
except where, every few miles, we come upon a smart 
town or a populous city. 

The St. Lawrence, navigable for its whole length, 
falls 230 ft. from Lake Ontario to Quebec; and the 
Niagara river, which pours the waters of Lake Erie 
into those of Ontario, falls 330 ft. in a length of about 
35 miles. The great cataract has a clear fall of 165 ft., 
with a line of overflow nearly a milelong. It is diffi- 
cult to understand, after seeing the vast volume of 
water pouring down, how it can be collected in a 
channel but about 600 ft. wide, as measured beneath 
the railway suspension-bridge, two miles below the 
fall; but here the torrent not only rushes with mighty 
force, but it has never yet been fathomed. Heavy 
leads, hung from long coils of steel wire, have been 
dropped 230 ft. from the platform of the suspension 
bridge into the boiling waters below, but after a 
momentary plunge they have come to the surface 








again far down the stream, where they have skipped 
and leaped upon the water until again hauled in. In 
1848, the late Mr. Charles Ellet, jun., whose name is 
well known among engineers, and who was killed in 
the attack upon Memphis, flew a kite over this torrent, 
and soon had a temporary platform in place. This 
grew into a suspension bridge for horse traffic. The 
wire was made by Messrs. Johnson, of Manchester. A 
few years afterwards the International Bridge Com- 
pany was formed to connect the New York Central 
and Great Western of Canada railways. They 
bought the suspension bridge, and Mr. Roebling, as 
their engineer, reconstructed it for railway traffic, 
using the wire in the existing cables. The present 
span is 822 ft. from centre to centre of towers, and 
these had of course to be built anew of heavy lime- 
stone masonry, and the anchorages greatly — 
There are two cables. of parallel. wires on each side, 
and the versed sine of the upper cables is 10 ft. less 
than that of the lower cables. These support a 
timber truss about 20ft. deep, carrying the railway 
above and an ordinary carriage way below. The 
ultimate strength of the bridge is estimated at 7500 
tons, but, notwithstanding all the stiffening and the 
fifty-six wire guys to the rocks below, the trains go 
over very slowly, and carry a visible wave before them, 
owing to the deflection of the roadway. : 

We have now to decide. whether to do Chicago, 
Lake Superior, the Upper Mississippi, and St, Louis, 
or to strike at once into the eastern and middle States. 
If we go west, we shall see vast prairies, lakes, and 
rivers, and great towns wonderful for their youth, 
extent, and commercial splendour. We shall find 
railways everywhere, but few great engineering works. 
Here and there are long and occasionally lofty timber 
bridges, but for the most part the railways lie almost 
on the virgin soil. The engines, carriages, &c., are 
much the same everywhere. There are sleeping-cars 
for those who ride by night, and we can only say they 
might be worse than they are. 

+ us turn eastward, going a little out of our way 
to Buffalo, a town of upwards of 100,000 inhabitants, 
at the foot of Lake Ene. Upon how vast a scale do 
the Americans build! Main-street, Buffalo, is, for two 
or three miles, more than twice the width of Regent- 
street ; and not only this, but all the streets about it 
have the lofty class of buildings which, in the “ old 
country,” one sees best in Dublin, for few in London 
or Liverpool are so high. In the harbour are count- 
less steam-vessels plying upon the lakes, the naviga- 
tion of which is, however, closed by gales and ice for 
five or six months in the year; and about the “ piers” 
—for there is no tide, and there are no docks—are im- 
mense granaries and “ elevators,” where the harvest of 
a province is unshipped in an hour, and loaded, in deep 
yellow streams of wheat and Indian corn into the 
wagons of the New York Central Railway and into 
the boats of the Erie Canal. From Buffalo to Albany 
is nearly three hundred miles, through a succession of 
populous towns and thrifty counties. No engineer can 
look upon the vast traffic of the contiguous lines of 
railway and canal, together carrying about 7,000,000 
tons of goods annually, without remarking the favour- 
able natural configuration of country which secures 
this great carrying trade to the valleys of the Mohawk 
and the Hudson. An elevated chain cf mountains ex- 
tends for more than a thousand miles nearly nee to 
the Atlantic coast, and at a distance inland of from sixty 
to two hundred or three hundred miles. To the west is 
the valley of the Mississippi, and on the north-west the 
far-reaching table-land containing the great lakes, none 
of which have any considerable width of surrounding 
country draining into them. Lake Erie is 580 ft. 
above the Atlantic, but between it and the coast is a 
range of hills rising in the Catskills to peaks higher 
than Snowdon, while further north and east are the 
Adirondacks and the White Mountains, a mile high. 
At one place only is this range, extending nearly from 
the Gulf of St. Lawrence to the Gulf of Mexico, broken 
through by a tidal river. The Hudson, at West Point, 
cuts directly through’this great natural barrier—the 
Dunderberg and Anthony’s Nosetowering nearly 2000ft. 
on either bank, and the city of Albany—the capital of 
the State of New York—although 150 miles inland, and, 
so to speak, at the back of the mountains, is neverthe- 
less at the level of the sea, and in direct communica- 
tion with it by steamers as large as any on the ocean, 
and of a magnificence to which not known in 
English waters can be compared. And for the 290 
miles from Buffalo to Albany, although the gradients 
of the railway are undulating, they are for the most 
part descending, the whole difference of level being 
580 ft. only, or about one-half more than the height of 
Hangeteed Heath above the Thames. The Erie Canal 
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has, among its many long levels, two which are each 
between 60 and 70 miles long, and nearly all its lockage 
is down towards Albany, or in the direction of the pre- 
ponderating traffic. 

We have not yet passed through a railway tunnel, 
nor shall we find many in the States, although here, 
within 50 miles or so of Albany, one which, when 
completed, will be 44 miles long, is in slow progress 
of boring through the Hoosac Mountain. Nor have 
we seen a masonry viaduct of any magnitude, and of 
the half dozen or so on American railways—for there 
are hardly more—is there one of the length and 
height of that over the Dee in the Vale of Llangollen. 
The largest in the States is the Starucca Viaduct, on 
the Erie Railway, about 200 miles west of New York. 
It has 18 stone arches of 50 ft. span, and is about 
100 ft. high. There are miles of timber bridges, 
although on many of the lines, and notably so on the 
Grand Trunk and Great Western of Canada, these 
are giving place to structures of stone and iron. 
Timber spans of 200 ft., and a depth of one-eighth 
the span, or 25 ft., are in favour for crossing wide 
streams. The great bridge at Portage, not many 
miles from Buffalo, has been described in this country. 
It is a sort of Crumlin viaduct in timber ; only, while 
the height is 250 ft., the spans are but 50 ft. Colonel 
Seymour, who built it in 1852, boasted that were it to 
burn down at the end of two years, and were succes- 
sive bridges of the same construction to last for but 
the same time, the total cost, taking one year with 
another, would be less than the interest on the cost of 
a tubular bridge of iron. The Portage bridge is still 
standing, but the Erie Railway Company expended 
50002. upon it last year in repairs. 

Those with a turn for mechanics may like to visit 
the large stove foundries at Troy, or the Bessemer 
steel works of Messrs. Griswold, Winslow, and Holley, 
the manufactory of reaping-machines at Cohoes-falls, 
and, perhaps, the Government manufactory of small 
arms at Springfield, midway between Albany and Bos- 
ton. But a more attractive journey is that down the 
Hudson, and, although we have the dead-level gradients 
and the fast express trains of the Hudson River Railway, 
making the distance in four hours, one new to the scene 
will prefer the steamboat, saythe “St.John,” the greatest 
marvel of marine architecture in the new world. To 
see the valley of the Hudson, compared, by those who 
have seen both, to the Rhine, one must, of course, 
take a “day boat,” although, if one would realise the 
full splendour of the boats themselves, the time to see 
them best is at night. 

The steamers lying alongside at Albany are from 
250 ft. to 420 ft. long, nearly all the newer boats being 
upwards of 300 ft. in length. With a width of beam of 
from 35 ft. to 45 ft., their main decks extend over the 
water on either side for the full width outside the 
paddle-boxes, the width being thus in some cases 
upwards of 80 ft. The draught of water is from 4 ft. 
to 6 ft., giving depth sufficient for sleeping-cabins and 
dining-tables below. But it is upon and above the 
main deck that the architecture and furniture of the 
boat appear in all their wonderful effect. Two or 
three long and lofty halls, one over the other, and ex- 
tending for nearly the whole length of the boat, tower 
in the air to a height of perhaps 40 ft. above the water, 
and each of these halls is richly carpeted and furnished 
with mirrors, and chandeliers, and right royal uphols- 
tery, as if it were a saloon of imperial state. ‘Ihe 
ladies’ cabin, or, to be more exact, that occupied ex- 
clusively by ladies, is upon the main deck, but, beyond 
brief glances at the damask drapery which enfolds the 
entrance, we must leave its mysteries to the imagina- 
tion. The great saloon on the next deck above—and 
there is occasionally a gallery and a second interior 
= and double row of bedrooms still higher— 

1as a row of state-rooms on either side for its whole 
length, and it is here, perhaps, that the American 
taste for luxury and magnificence appears in the 
strongest contrast to the simpler notions of English- 

men. To the engineer, the most striking feature in 
this apartment is the engine, with its polished surfaces 
and intricate mechanism (for the American engines are 
fearfully and wonderfully made), working behind a great 
screen of plate glass. The St. John has the engine, 
we believe, taken out of the steamer New World. It 
is of the usual American type, with the overhead 
beam, and has a single 76-inch cylinder, 15 ft. stroke, 
and drives paddle-wheels 46 ft. in diameter. It is 
placed nearly in the middle of the length of the boat, 
the boilers being on the sponsons, and well above 
water. Indeed, with the exception of the lower cabin, 
all parts of the boat are lighted from the sides by 
means of windows of good size. Excellent engravings, 


steamer of much the same class as those plying upon 
the Hudson (although of deeper draught), are given 
in Mr. N. Scott Russell’s paper on American steam- 
boats, read before the Institution of Naval Architects 
at their meeting in 1861, and published in the second 
volume of their Transactions. With their great size, 
fine form, shallow draught, and the great amount of 
power put into them, their speed of from 22 to 25 
statute miles an hour in smooth water is readily ex- 
plained. The Daniel Drew, a smaller boat, in which 
the Prince of Wales went from West Point to Albany, 
has made the distance of 150 miles from New York to 
Albany, up stream, in 6 hours 52 minutes running time, 
equal to an average rate of nearly 22 miles an hour all 
the way ; and there are several boats which have made 
the run in seven hours, exclusive of stops. We may 
just add that the outsides of all the American river and 
ake boats are painted white, and the interiors of all the 
better class of boats are finished in white and gold. 
We have thus gone from Liverpool to Boston, 
rambled through Canada and the State of New York, 
and have, we will suppose, now reached the American 
metropolis. We have seen much, but have passed by 
much more without notice. What else we may see we 
will reserve for another week. 


MADRAS IRRIGATION COMPANY. 
On Tuesday evening, the 15th instant, Mr. Stans- 
feld, in reply to a question from Mr. Smollett in the 
House of Commons, regarding Indian Irrigation Com- 
panies, stated that, “owing to the state of the money 
*‘ market, the Madras Irrigation Company were not 
able to raise the capital which they sought to raise ; 
‘and there being a guarantee in their case, they ap- 
plied to the Secretary of State for assistance. A 
correspondence of some length had ensued on that 
‘ application. On Friday last the Secretary of State 
wrote, making them two alternative offers. One was 
to advance the company a loan of 600,000/. on deben- 
tures, subject to certain terms; the other to enter 
into arrangements for receiving back the undertaking 
in connexion with the guarantee. The company had 
‘replied to that communication. They declined the 
‘latter alternative, but proposed some modifications 
in the offer for the loan on debentures. His noble 
friend had replied again to the company, stating 
that he would not refuse an extension of the time 
“ to five years, but requiring that both alternatives 
should be submitted to the shareholders.” 

We were right, then, in our supposition (vide En- 
GINEERING for May llth, page 315) that assistance 
would be offered to the Madras Irrigation Company in 
the shape of a loan; but we must confess that we were 
totally unprepared for the alternative that the company 
should commit an act of self-immolation, and sing their 
own “ requiescat,” by consenting to arrangements for 
making over their undertaking to Government, re- 
ceiving in return, we suppose, a sum equal to the 
amount of their expended capital. Such a proposition, 
emanating from the Secretary of State for Tdi, looks 
very much like a desire on his part, or on the part of 
his council, to put an end to the company, and to com- 
plete by Government the works commenced and thus 
far carried out by the company. In the interest not 
only of the company, but of India generally, we ven- 
ture to raise our protest against such an attempt to 
check the flow of British capital and enterprise towards 
India. What faith can in Lon be put m a Govern- 
ment that creates a company in order to destroy it, and 
desires to withdraw from the onus of a guarantee once 
given? Or why should an Irrigation Company in India 
be considered less deserving of Government support 
than a Railway Company? The importance of irriga- 
tion to a country like India can scarcely be considered 
second to that of railways for developing its wealth and 
resources, and we are at a loss, therefore, to under- 
stand why a guaranteed company, having for its object 
the extension of irrigation in India, should not receive 
from Government the same support as guaranteed rail- 
way companies. : 

Such an attempt to bring the Madras Irrigation Com- 
pany to a premature end contrasts strangely with the 
closing words of Mr. Stansfeld’s speech in the House, on 
Thursday, the 10th instant, on the subject of the tenure 
of land in India, wherein he stated that “he could not 
“ but believe that if this country would but unite its 
“ skill and capital with the industry and natural self- 
“ interest of the ryots, we should enable the future 
“ government of India to be conducted more safely 
“ and more economically ; we should enable the country 
“« to increase its own wealth, while it ministered to ours, 
“ and we should add greatly to the contentment and the 
“ prosperity of the 130 ‘millions committed to our 
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CANNEL GAS. 


Tue total illuminating power of the gas from a ton 
of Boghead coal is about five times greater than that 
of the gas from the same weight of ordinary Newcastle 
coal. The prices of the respective coals have not, how- 
ever, been in the same proportions, although Boghead, 
which, a few years ago, was sold at 56s. a ton, now 
brings 63s. and upwards, and it is, indeed, nearly 
worked out. As long as it could be had at a moderate 
price, it was employed in the manufacture of so-called 
cannel gas, three retorts being charged with Boghead 
for every seven charged with Newcastle, the gas from 
both being allowed to mix in the hydraulic main. Bog- 
head by itself will produce 50-candle gas, and which 
could hardly be burnt at all without an excessive pro- 
duction of smoke. Mixed with common gas it is easy 
to keep above the parliamentary requirement of 20- 
candle power for cannel gas, and the mixture is iden- 
tical in composition with true cannel gas, although 
consumers, who know perhaps nathing at all of the 
manufacture of gas, are ready to call out that all com- 
pounds are concoctions, adulterations, and deceptions. 
luminating gas, from whatever coal it may be made, 
is a prom and it does not matter whether its con- 
stituent carbon and hydrogen come from one variety of 
coal or from a dozen. ; 
Boghead coal gives, say, one-third its weight of 
nearly worthless coke, and one-third its weight of tar, 
but no ammoniacal liquor. A great deal of the tar is de- 
posited as pitch in the ascension pipes, and these require 
to be raked out generally as often as the retorts are 
drawn ; and as the richer coals give off their gas in from 
four to five hours, the latter operation is performed so 
much oftener than in works carbonisiny ordinary gas- 
coal in six-hour heats. ‘ 

But one among the thirteen London gas companies 
—the Western—makes cannel gas exclusively, although 
several of the other companies supply both kinds of 
gas, separate mains being laid down for each. The 
price of the cannel gas is now 5s. 6d. The Western 
Company, whose works are at Kensal-green, between 
the Paddington Canal and the Great Western Railway, 
send their gas long distances, as to Notting-hill, 
Regent-street, &c., and it is to be wished that all 
London was supplied with gas of the same quality. 
The gas is now made wholly, we believe, from Wigan 
cannel coal, which is cheaper than the mixture of New- 
castle and Boghead coal would be at the present price 
of the latter. It is carbonised in five-hour heats, and 
increased labour is required in keeping the ascension- 
pipes clear; but otherwise there is but little difference 
in the working of cannel as compared with ordinary 
coal. There is one advantage with the former which 
many gas engineers and managers can appreciate. 
With canal gas there is no deposit of saghibelion in the 
mains, and even in ordinary gasworks, when the mains 
become choked, a charge or so of cannel in two or three 
retorts will clear them out as effectually as if a “ cat” 
were sent through—not the veritable living quadruped, 
but the instrument which, like another too well known 
in connexion with corporeal punishment, has obtained 
that feline designation. If all the gas companies made 
only cannel gas, it is probable that gas managers would 
have never heard of naphthaline. 

The Western Gasworks were laid out by Mr. G. H. 
Palmer, in the days of short iron retorts, say 7} ft. 
lengths. He erected a building with twelve sides, 
something like the old locomotive-house at Camden- 
town, and placed the henches of retorts against the 
walls. When long clay retorts came in, the present 
manager, Mr. Pritchard, pulled out those in use, and 
set up benches radiating from the centre of the build- 
ing. When we visited the works some time age, there 
were 334 mouth-pieces, but arrangements are now 
progress whereby the make of gas will be very greatly 
extended. The old dodecagonal building is soon to 
become a coal-shed, and there is already erected by far 
the finest retort-house in London, if not in the king- 
dom, and which will be in use during the coming winter. 
This building is 260 ft. long by 140 ft. wide ; it is of 
unusual height, and it is of a fine and, indeed, noble 
architectural design. It will contain two long ranges 
of retorts, with mouth-pieces at‘each end; the retorts, 
Stourbridge Ds of large size, being set seven ina bench, 
and with deep coke-pits below. The whole plan_pro- 
vides for 728 mouth-pieces. The chimney-stalk, in 
the centre of the building, is about 150 ft. high, and is 
of large section. In design it is, we think, the finest 
shaft in London, and those interested in such matters 
will find the new Western Gasworks, when completed, 
well worth visiting. At present no new holders have 
been erected, but the increasing business of the com- 
pany will doubtless soon require them. 








showing the whole construction of a large first-class 








** charge.” 





i i i 


ow 





May 25, 1866.] 


ENGINEERING. 


339 








CHAIN CABLE TESTING. 


Tue Admiralty proof test of stud chain is a dead 
pull of 72 tons upon a 2 in. cable, and this is the least 
size and test passed at Lloyds’ for an 1800-ton sailing 
ship, or for a steamer of a total tonnage of 2700 tons. 
This test is the same in proportion for all sizes of 
chains, and may be found by squaring the diameter of 
the chain, taken in eighths of an inch, and multiplying 
by 630. Thus a lin. cable is gths of an inch in 
diameter, and 9X9 x 630=51,030 lb., or a little more 
than 22} tons, which is the proof strain. The strain 
corresponds to 11.46 tons per square inch of the actual 
section of the cable, but as the links tend to pull into 
a lozenge form, so that the strain in each link is not 
exerted in the direction of the length of the cable, the 
real strain is nearer 12} tons per square inch. 

This test is a purely arbitrary one, and there is 
nothing but experience to establish that one proof 
strain is better than another. Great numbers of cables 
bear the test, and are passed as good, while there is 
always a proportion which fails on proof, thus requiring 
individual links to be cut out, if, indeed, the whole be 
not condemned. It is clearly desirable that the test 
should be as high as may be without permanent injury 
to the iron which passes it. There are makers ready 
to supply chain guaranteed to bear 15 per cent. more 
strain than the Admiralty proof, and there are others 
who find much difficulty in meeting that proof. Dif- 
ferent irons are notoriously variable in quality, and the 
object of the test is to msure that a good guality is 
employed for cables, upon the strength of which so 
much depends. If the consideration of what was the 
most useful test for cables had now to be re-opened, as 
much might be said in favour of a test higher or lower, 
by (say) 5 per cent., as for that now in force. In saying 
this, we are not objecting to the present test, but we 
wish to keep in mind what we have already said, that 
it is a purely arbitrary one, bearing no necessarily 
exact dation either to the ordinary safe working load 
or the ultimate breaking strength of the various cables 
which are proved by it. And thus, although from 
politic, not to say trade, considerations, it may be 
desirable that the test should be applied with exactness, 
so that it may be accepted as impartial, there is, never- 
theless, no physical necessity for the exact application 
of the Admiralty test any more than of a somewhat 
higher or lower one. A test 10 per cent. higher would, 
no doubt, not only break many cables, but injure others 
passed as good; and, on the contrary, a lower test, 
while it would admit a somewhat inferior class of irons, 
would at the same time preserve from injury a certain 
proportion of cables which, from all that is known of 
iron and testing, must be now overstrained at proof. 
The testing must, however, have the appearance of 
exactness, the greater the better, as the makers of 
cables and the owners of ships would otherwise have 
good ground for complaint that the same nominal test 
might bear harder upon one than another. As we have 
said before, the necessity for exactness is a politic and 
not a physical necessity. 

To test a chain to a given strain, the most exact 
mode would be to load it with known weights. It 
would, however, be inconvenient to apply 72 tons of 
dead weight to a 2in. cable. With compound levers, 
in the proportion of 100 to 1, less than 2 ton of 
weight would apply the same strain with great exact- 
ness, and carefully graduated weighing-levers are, 
without doubt, the best means of applying the proof 
test. But the hydraulic press affords a far more con- 
venient mode of putting on the strain, and it is in ex- 
tensive use for cable testing. There is the objection 
to it that it works with considerable friction, and that, 
except, where weighing-levers are provided, this cannot 

exactly ascertained’ when the press is working up 
to its ordinary or full load. In the hydraulic testing 
machines now licensed by the Board of Trade, weigh- 
ing-levers are required, but up to one-fourth only of 
the full power of the machine, and this although the 
full power of many of them is but 100 tons or 120 tons, 
and one-fourth of the last named strain, or let us say 
31 tons, is the proof test for but 14% inch cables, the 
minmum for a 400-ton sailing ship or for a steamer 
of a gross tonnage of 600 tons. The indicating piston 
and lever attached to the hydraulic cylinder may show 
4 total pressure upon the ram of 35 tons, when the 
Weighing-levers at. the opposite end of the machine 
show an actual pull of but 30 tons upon the cable. 
The proportion of friction, as thus checked, may, how- 
ever, be very different at the full strains of 100 tons to 
120 tons, or even to 55 tons, which is the proof strain 
for 13 in. cable, the minimum size for a sailing ship of 
1000 tons or a steam ship of a gross tonnage of 1500. 

Taking for granted that two hydraulic presses of 


have the same friction at the same total pressure in 
both, Mr. Colburn last year proposed an arrangement 
as follows: A short cylinder to be placed at that end 
of the machine where the weighing-levers are now 
set up, this cylinder to have a ram, cup-leathers, &c., 
of the same size as that in the hodunie or working 
cylinder ; the chain would pull upon this ram, which 
would compress the water in the short cylinder to a 
pressure which would be read off by a gauge. The 
cable would have a strain upon it equal to the total 
pressure on the working hydraulic ram, less the fric- 
tion of that ram and of its piston rod, if any. The 
water compressed in the short cylinder at the opposite 
end would show a pressure corresponding to the strain 
on the cable, less the friction of the ram, &c., of the 
short cylinder. If, then, the total indicated pressure 
on the working ram was 120 tons, and that indicated 
on the ram in the short cylinder was 100 tons, 20 
tons would unquestionably be the sum of the frictions 
of the two rams, If the friction be as the pressure, 
43nds of this amount would be the friction of the 
working ram, and 32nds the friction of the fized ram. 
This arrangement, although a convenient one, is not, 
of course, to be preferred to the positive indications 
of weighing-levers, but it is questionable whether it 
be not preferable to the partial weighing apparatus 
ranging only up to one-fourth the full power of the 
machine. Messrs. Bidder, Hawkesley, and Edwin 
Clark, in their recent report to Lloyds’, go further 
than the author of this suggestion has ever done ; for 
while they state that the apparatus giving a known 
double friction, instead of an unknown single friction, 
would be “a far less costly and more useful check” 
than the weighing-levers, weighing to but one-fourth 
the maximum load, they add that “the concurrent 
action of the two systems would effectually guard 
against irregularity,” whereas, although it might do 
so approximately, there would be the chance of the 
respective packings and of the inner surfaces of the 
cylinders acquiring different frictional conditions. 

But it is when one visits a chain cable testing 

machine, no matter how carefully designed and exe- 
cuted it may be, that he learns fully what a rough and 
necessarily inexact operation the testing of cables is. 
Mr. Gladstone discovered an error (and Messrs. 
Galloway and Gray, of the Board of Trade, discovered 
the same error some months afterwards) in the Low 
Walker machine, whereby it had for months been 
proving cables to 26 per cent. above the Admiralty 
test, or to nearly 16 tons per square inch! It is true 
that the application of weighing-levers should have 
yrevented this error, but it was an error in the calcu- 
ation of the. weights for the hydraulic lever; and a 
similar error in calculation might, of course, have 
been made by the same persons in respect of weighing- 
levers. We do not, of course, speak of errors of this 
kind as necessary errors; but the very handling of 
heavy cables exposes them to strains above the proof, 
and even the momentary pressure of the hand upon 
the mid-span of a cable already drawn taut will cause 
a very considerable addition to the strain, although it 
may not overcome the inertia of the weighing apparatus, 
and may not therefore be recorded. One or two extra 
strokes of the hydraulic pump would also greatly in- 
crease the final strain, and this happens sotiiediie at 
almost every test, although, were the test conducted 
with the care requisite for a philosophical experiment, 
the excess of strain would, no doubt, be prevented. 

Unless it be that the weighing apparatus should be 
extended to one-half the full power of the machine, 
instead of, as at present, to one-fourth, the Board of 
Trade regulations are, no doubt, well framed, with the 
single exception of that which applies to the length of 
cable to be tested at one operation. Lloyds’ machine 
formerly tested in lengths up to 75 fathoms, and no 
reason, except one founded in a mistaken view of the 
strains in a long suspended chain, has ever been urged 
against testing in long lengths. Sir William Arm- 
strong has made machines to test in 15-fathom lengths, 
and he, with Mr. Fairbairn, Mr. Hawkshaw, Mr. Penn, 
and Mr. Paget, united in the following brief report to 
the Board of Trade: 

“In conformity with your instructions of the 22nd inst., we 
have examined the machine for testing chain cables at Lloyds’ 
Proving House, Poplar, and have arrived at the following con- 
clusions : 

“1. That every testing machine should have a hydraulic 
cylinder, with a length of stroke fully equal to the maximum 
stretch of the length of new chain to be tested. 

“2. That this rule would require an alteration in the machine 
used by Lloyds’, 

“3, That though we do not consider it impracticable to test 
chains in lengths of 75 fathoms, yet we consider it necessary 
that there should be some well-defined limit of length; and, on 
a careful consideration of the whole matter, we are of opinion, 
tnat under present circumstances, the best limit for adoption is 





the same size, and packed with like cup leathers, would 


that of 15 fathoms.” 


Without stopping now to examine the first and 
second divisions of this report, we will briefly notice 
the ipse dizit contained in the third. These gentlemen 
“did not consider it impracticable*to test chains in 
“lengths of 75 fathoms.” ‘This one passage gives a 
grotesqueness to their whole report, inasmuch as they 
thus Levee place upon record their belief in the 
“ practicability” of what had been actually practised 
daily and successfully for months. We had ourselves 
seen 75 fathom lengths tested at Lloyds’ two years 
before the date of this report, and the “ practicability” 
of such a test was not in any case a matter of opinion, 
since it was obviously as practicable to test 75 fathoms 
in a proving house, as by the actual test of mooring a 
ship by the same length of cable in a storm. But the 
report goes on to state that, as a matter of considera- 
tion, “ some well-defined limit of length” for testing 
was necessary. Now no reason was suggested, nor 
have we ever heard of anything professing to be a 
reason, why any “well-defined limit,” short of the 
full length’ a ship is to carry, is necessary. We 
should as soon think of a well-defined and short limit 
of length of bridge span, or of telegraph wire, or of a 
gun barrel, beyond which no single test was to be 
made. What cannot be argued up cannot of course 
be argued down, and so we can only deny that any 
well-defined limit, especially that of 15 fathoms, is ne- 
cessary, and refer to two years’ successful practice at 
Lloyds’, in testing 75-fathom lengths, for proof. We 
of course reject the fallacy that the weight of a long 
cable, supported only at its ends, and as nearly hori- 
zontally as it can be drawn, causes a great strain xear 
the ends. Whatever the strain at the ends, it is, in the 
case of the testing machine, weighed by the hydraulic 
ram or the weighing levers, and, action and reaction 
being necessarily equal, this strain is, with a very 
slight deduction, communicated through the whole 
length of the chain. In the case of a 15-fathom length 
under 50 tons strain, the strain at the centre of the 
span is only 14 1b. less than at the ends, The error of 
which we speak was apparently adopted by Messrs. 
Galloway ie Gray, and it is barely possible—although 
we should hope the fact was not so—that it had some 
momentary hold upon the minds of Sir William Arm- 
strong, Mr. Fairbairn, Mr. Hawkshaw, and Mr. Penn, 
with whom Mr. Paget was associated, in making their 
report. The error was perhaps natural to a person 
knowing nothing of the analysis of strains, but it could 
hardly have been made by the gentlemen we have just 
named, 
Upon this matter of the proper length for testing, 
Messrs. Bidder, Hawkesley, and Edwin Clark state 
the case very clearly, as follows, in their late report : 
“This maximum length is limited to 15 fathoms, on the 
alleged ground that, in testing a ~— length—say of 75 fathoms, 
‘a great part of the force of the machine is exerted in lifting 
the chain from its bed,’ and that whereas, in testing a 15 
fathoms length, the chain is stretched rag tight like a 
string on a violin, in the 75 fathoms length the chain is never 
pulled out of the form of a curve, or rather of a series of curves 
or festoons. 
“We think the above paragraph must have been written 
under some misapprehension of the physical conditions involved 
in the operations under consideration. 
‘‘ The force exerted in lifting the chain from its bed does not 
sensibly magnify the ultimate strain; this depends entirely upon 
the angle which the chain makes with the horizontal line at 
the points of suspension, and (neglecting for the moment the 
friction over the rollers) will be precisely the same in each of 
the festoons, whatever may be their number. 
“ The first objection, namely, the force due to the inclination, 
may be entirely disregarded, as we find by calculations, confirmed 
by our experiments, that it does not amount to xdéyoth part of 
the test strain, whatever that may be, for a length of 15 
fathoms, {or the insignificant amount of 14 1b. for a 50 tons 
sae The other objection is the friction, ‘which, although in 
amount somewbat larger, is nevertheless so minute that it may 
be safely set aside, since in any 15 fathoms length it does not 
amount to so much as ;;;ath part of the testing strain, or in the 
case of a cable tested, as at Poplar, in lengths of 75 fathoms, it 
does not reach y},th part of the strain. 
“ Looking, therefore, to the very small proportion which these 
strains bear to the testing strains, and to the irregularities in- 
separable from the rough and ponderous operations performed 
on chain cables, and bearing in mind that the conditions under 
which a cable is strained by a ship at anchor are very different 
from those imposed by a mechanical and artificial substitute, we 
cannot perceive any sufficient grounds for the imposition of the 
restriction to which we have lastly referred, and this the more 
especially, because an economy, both of time and labour, may in 
eneral be effected by dealing with longer lengths than the 
length specified by the Board of Trade.” 

By testing in 75-fathom lengths, the shackles as well 
the ‘links come in for their full strain, and there is, 
besides, a considerable saving of time. As soon as 
the limitation of length came into force, Lloyds were 
compelled at once to make a considerable increase in 
their scale of charges for testing. The 75 fathom 
test, we should add, approaches nearest to that to which 





the cable is subjected when holding a ship in a gale, 
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On page 342 of the present number we have, in the 
third article on that subject, concluded a description 
of the River Hooghly. We now proceed to give a de- 
scription, accompanied by illustrations, of the vessel 
and implements which were last year constructed in 
this country under the supervision of Mr. Hugh 
Leonard, and sent to Calcutta, for the purpose of being 
employed in operations to he undertaken with a view 
to reducing the shoals in that river. 

In preparing plans for a steamer to be used in the 
raking operations, it was thought best to lay down 
lines for a vessel of the largest dimensions adapted for 
navigating the river, taking into account all the cir- 
cumstances connected with the class of work she 
might have to do as a river-improvement vessel, and 
also keeping in view that it would be a great advan- 
tage to be able to use her as a tug, for towing vessels 
in cases of emergency ; and having settled the lines and 
size, it was decided to put as much power into her as 
she could carry. Accordingly, an iron paddle steam 
vessel was constructed for the purpose by Messrs. 
Napier and Son, of Glasgow, of 3924 tons measure- 
ment, her length being 132 {t. between perpendiculars, 
breadth (moulded) 25 ft., and depth 11 ft. 8 in. The 
engines, of 200 horse power nominal, consist of a pair 
of diagonal oscillating cylinders 50 in. diameter and 
6 ft. stroke; the paddle-wheels are of the feathering 
description, 18 ft. in diameter over the floats. Steam 
is supplied from two ordinary return-flue boilers, each 
boiler having four furnaces. ‘The united heating sur- 
face in both boilers is about 3800 sq. ft., with a grate 
surface of 145 sq. ft. 

The draft chains for drawing the stirring apparatus 
are attached to the vessel as near the water-line and as 
far forward as possible, in order to keep the machine 
to be drawn as near under the stern, and at the same 
time keeping the draft chains as nearly level as may 
be. Small steam winches, worked by steam of low 
pressure from the main boiler, are placed over each 
apparatus for the purpose of hoisting and lowering it. 
The fittings are so arranged that one, two, or three 
rakes may be used at a time, the principal one astern 
and a small one one on either side. Going with the 
tide, the steamer would probably, in most cases, be 
able to bring all three machines into play, whereas 
whilst going against the tide she ooult perhaps be 
barely able to draw the one direct astern. 

In the absence of any very decided opinion as to the 
best class of machine to use, it was determined to send 
out four different kinds. The first (Fig. 1) consists of 
a tubular rake, and is a combination to some extent of 
the tubular machine proposed by Mr. Ellett for the 
Mississippi and the common rake. It is arranged so as 
to stir the surface to a small depth only, because when 
the teeth enter the ground tn 8 the machine becomes 
difficult to draw, and if the shoal be stirred to a great 
depth, some of the silt will settle down again before 
the current can remove it. The sides of the tubes are 
intended to form protections for the back part, so that 
if the teeth come in contact with onien chains, 
anchors, or other obstructions, they may slide over 
them without receiving much injury. It is also in- 
tended that the matter stirred up shall be lifted a little 
into the water by running up the tubes, and so be well 
mixed with it. This machine consists of two longi- 
tudinal teak-wood beams 9 in. square (the foremost one 
being 27 ft. and the hinder one 25 ft. long), placed 
2ft. apart from centre to centre, and connected to- 
gether by cross diagonal braces of 2 in. angle iron. 
‘The tubular rakes consist of iron troughs without ends, 
2) in by 3 in. by 2 ft. long; they are securely fixed to 
the beams at an angle of about 45°, and at distances of 
1 ft. from centre to centre, those of the hinder row 
being placed so as breax centres with the front row. 

Another form of machine is similar to that used by 
Captain Denham, R.N., on the Mersey (Fig. 2). It 
consists of a wooden beam with a series of old cable 
chains forming tails appended to it, the chains again 
being fitted with spikes fastened to the links, which 
scratch the surface and so stir it up. A third is that 
used by Mr. Fowler on the Tees, and is shown in 
Fig. 3. The fourth design (Fig. 4) is of an entirely 
ditlerent character to the thers. It consists of a 

number of transverse beams of timber 5 ft. long by 
8 in. broad and Qin. deep in centre, but rounded up 
fore and aft, protected at the bottom and points by a 
covering of $-in. plates of iron. These beams are con- 
nected together by a longitudinal and cross framework 
of angle iron 2 in. by 1$im., and are placed 5 ft. apart 
between centres. On the top of these are placed 


triangular-sided frames of slicet-iron 4% in. thick, 3 ft. 
long, 5 ft. broad, and 18 in. high in front, the top 
tapering down at an angle of 3U°. The principle on 
which this machine is supposed to act is as follows: 








RAKING MACHINERY FOR THE RIVER HOOGHLY. 
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When drawn along the ground at the rate of three or 
four miles an hour, with the larger orifice forward, the 
water entering it will pass out through the smaller 
orifice with an nema velocity, and, being directed 
against the surface of the shoal, will stir it > 

It remains to be seen how far these appliances for 
removing shoals in the River Hooghly will fulfil the ex- 
pectations entertained of them; but as raking opera- 
tions have proved efficacious in deepening the channels 
of other rivers elsewhere, there is no reason for doubt- 
ing that similar experiments will prove at least tem- 
porarily advantageous in the present case 








Tue Nortu-Lonpon Raitway.—With but 12 miles of line, 
and with trains working over 8 miles of connecting lines, or 
20 miles in all, the North London Railway ogee now have 
54 locomotives, mostly of the heaviest class. The newer 
passenger engines, of which we have given a description in a 
recent number of ENGINEERING, weigh 42 tons, of which 
30 tons are on four coupled wheels. These engines have 17-in. 
cylinders, 24 in. stroke, 5 ft. 9 in. wheels, and carry regularly a 
pressure of 169 Ib, per square inch. Mr. William Adams, the 
company’s engineer, builds his own engines at the company’s 
works at Bow, and twelve additional engines are now on order 
there. The existing works are entirely too small for the wants 
of the line, and new works are about to be commenced, to occupy 
15 acres of ground, near Bow station. These will employ about 
550 men, and they will, it is expected, be among the most 
complete in the kingdom. 
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Apams AND Parsons’s SteaM-PackeD VALve.—In our 
last number we referred to Mr. Thomas Adams's steame-puchel 
valves, as titted to the locomotives of the Great North of Scot- 
land Railway. The dimensions of the valves and ports will be 
of interest to some of our readers. The engines have 16 in. 
cylinders and 22 in. stroke. The steam-ports are 12 in. by 1jin., 
the exhaust-port 12 in. by 2}in.; the bars are 1 in. wide. The 
valve has 1}in. outside lap, but no inside lap. The outside 
dimensions of each valve are 16 in. by 9} in. : The ring which 

cks the valve against the valve-chest cover is 8} in. in diame- 
ter where it fits the curb bored out to receive it, and it is en- 
larged to 9fin. in diameter where it bears against the valve- 
chest cover. The width of the bearing surface against the cover 
is 4in. all round, and there is thus the full pressure of steam on 
an annular bearing 9 in. outside and 8{ in. inside diameter, to 
keep it steam-tight against the cover. 


Herr Krupp.—Herr Krupp’s face is of the type which ~ 
conventionally recognised as American—long, and prominent 
marked by the cheek-bones. The forehead 1s high and = 
with a fringe of short hair reaching only to the temples. on 
eyes have that expression of determination and command whic 
p te every one has observed in the portraits of the Virginian 
hero, General Lee. The whole face, indeed, although not Me 
broad, is much like that of General Lee, and the monies : 
and beard almost complete the resemblance. It is 8 face w e 
one does not easily forget. The great steel maunfacturer, : 
Essen, is now a man of world-wide reputation. At this — 
his works are filled with orders for cannon. The F cee 
Government have just ordered of him one hundred __ 
field batteries, for immediate delivery, and the Prussian | ~ 
ment have ordered ordnance of the value of half a million s 
ling, to be completed with the utmost despatch. 














May 25, 1866.] 


ENGINEERING. 





341 








r aie 
| 
{ene en 


il 


PimBaucr. 


_ A GREAT proportion of the cast-steel tyres now manufactured 
in this country are first made in the form of thick hoops of 
rings of considerable less diameter than the finished tyre ; these 
hoops being subsequently enlarged by suitable processes. 
Amongst the means devised for effecting the enlargement. of the 
original hoop above alluded to, is the machine, invented and 
patented by Mr. John Ramsbottom, which is illustrated by the 
accompanying engravings, Fig. 1 being a side elevation, Fig. 2 
a plan, and Fig. 3 an end elevation of it. The machine is an 
improvement on one for which Mr. Ramsbottom took out a 
patent in January, 1864. 

The expansion of the tyre in this machine is effected by a 
grooved tapered mandril, 1, the grooves on which graduall 
diminish in depth and sharpness from the smaller to the larger end. 
The tapered portion of the mandril is about 6 ft. 8 in. long, and 
varies from 2 ft. 6in. to 10in. in diameter; its larger end is 
secured to the flanged end of a spindle, 1, which is caused to 
revolve rapidly by gearing. The spindle, /1, is supported by two 
bearings, one, e, ler 13 in. in diameter by 1 ft. 8 in. long, and 
the other, 6, 9 in. in diameter by 9 in. long. These bearings are 
about 6 ft. apart from centre to centre. The smaller end of the 
tapered mandril is also furnished with a bearing, supported by 
the balanced lever, d; this lever can be moved on one side, as 
shown by the dotted lines in Fig. 3, when it is desired to put a 
hoop upon the mandril ; when the lever is upright, and is, there- 
fore, supporting the bearing, it is held in its place by the hoop 
or stirrup, d1, which falls on to its upper end. 

The yen sy c, of the machine is furnished with ribs, c', 
¢, and c*,which serve to guide a slide, 4, moving between them. 
This slide is connected by the rod, 1, &*, with a piston working 
in the water cylinder, k, which is furnished wh the necessary 
valves, &c., for admitting the water to either end, and thus 
causing the slide to be moved to and fro at pleasure. The direc- 
tion in which the slide traverses is parallel to one side of the 
a mandril, as will be seen by the plan. The slide, ¢, forms a 
fulcrum to the lever, h, which has a total length between centres 
of 4 ft. Ata point one-third of its length from the lower end, 
this lever carries a conical roller, g, the diameter of which is 
about 1 ft. 6 in. at the smallest part; this roller bears against 
the flange side and part of the flange of the tyre as it is bein 
forced up the mandril. The upper end of the lever, h, is coupled 
by the link, m2, to the piston-rod, m!, of a piston working in a 
second water cylinder, m. This cylinder is Eistened to the slide, 
+, and the pipes leading the water to and from it have therefore 
to be provided with such joints as will permit the cylinder to 
shift with the slide, without breaking the connexions. On the 
side of the piston furthest from the lever, h, the piston-rod is 

ged, so as to form a trunk, as shown at m’, and thus 
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diminish the quantity of water 
required to force the piston from 
left to right, in the engraving. 
The slide, 2, also carries in suitable 
bearings another roller, 7. This 
roller is of a peculiar double conical 
form, and is about 3 ft. 3 in. in 
diameter at its smallest part; it 
bears against one side of the tyre, \ } 
as well as against the tread and I 


{ 





The manner in which this ap- 
aratus is used is as follows: 
The slide, 7, being traversed to the 
right-hand side of the machine, 
as it is shown in the engraving, 
the rollers, g and 7, being moved 
apart by means of the cylinder m, 
and the lever, d, being swung into 
the position shown by the dotted 
lines, a thick hoop is placed upon 
the smaller end of the tapered 
mandril, between the rollers g 
and 7, as shown ata. The lever, 
d, being replaced and secured by 
its stirrup, the mandril is then 
caused to revolve rapidly, and 
water, at a pressure of about 
300 lb. per square inch, being 
admitted to the right-hand side of 
the pistons in the cylinders, k 
and m, the slide, 7, is drawn 
towards the larger end of the 
mandril, and at the same time the rollers, g and j, are forced 
together by the pressure of water on the piston in the cylinder 
m, acting through the link, m?, and lever, h. The tyre is forced 
up the tapered mandril partly by the action of the spiral grooves, 
and partly by the pressure of the roller g; at the same time the 
difference in the diameters of the rollers, g and j, causes the 
heated metal of the 2 to fill up the grooves in them, and 
thus form the flange of the tyre. The metal is prevented from 
being forced out between the two rollers by a suitable roller 
or block, fixed to the slide 7, so as to come into operation when 
the flange is sufficiently raised. In addition to the assistance 
derived from the movement of the slide 7, the expanding action 

of the tapered mandril is facilitated by the action of the rollers, 
g andj, which, whilst they retard the rotation of the tyre, reduced 
it to the desired width. When the hoop has been sufficiently 
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enlarged, the traverse of the slide, 7, is stopped, and the tyre can 
then be liberated, either by continuing the rotation of the man- 
dril until the tyre is loosened by the action of the rollers g nd), 
and then reversing the traverse of the slide i, or by reversing the 
direction of the motion of the mandril and slide. The finishing 
of the tyre may be conducted in an ordinary tyre rolling-mill. 
A machine of the form which we have illustrated is now in 
course of construction at Crewe, and it is expected that it will 
be at work in August or September next. It will have been 
noticed that in the course of our description it was stated that 
the tapered mandril was to be caused to rotate rapidly ; this 
rapid rotation, it is expected, will enable a tyre to be expanded 
in tes than one minute, and will thus in a great measure pre- 
vent the heat from being conveyed away from the hoop to the 
il by conduction. 
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Instead of being arranged in the manner which we have de- 
scribed above, the grooved tapered mandril employed by Mr. 
Ramsbottom may be placed vertically, and used in connexion 
with a pair of Mr. Ramsbottom’s du plex hammers. An outline 
sketch of such an arrangement is shown in Fig. 4. According 
to this plan, the mandril itself, in addition to having a rotative 
motion imparted to it, is capable of being moved endways by 
means of water-pressure. In using it, it has to be first raised 
to allow of a thick hoop being placed on the anvil block, and it 
is then lowered into this hoop, and: caused to revolve. The 
friction of the hoop on the anvil Tetards the rotation of the 
former, and enables the mandril to be, as it were, screwed into 
it; at the same time that the enlargement is thus going on, the 
duplex hammers, being set to strike upon the external 
surtace of the tyre as it revolves between them, and, by means 
of the interposed swages, forge it to a pore shape. 

In Figs, Band 6 we illustrate anothermode of making steel 
tyres, for which a patent has been taken out by Mr. John Firth, 
of Sheffield. According to this plan, the tyres are formed from 
a hollow cylindrical casting, of sufficient length to form several 
tyres. This cylinder is placed upon a mandril (sufficiently 
tapered to allow of its easy removal), and is then well ham- 
mered to toughen it and reduce its thickness. It is afterwards, 
whilst still on the manéril, hammered between a hammer-head 
and anvil of the form shown by Figs. 5 and 6, and by this means 
projections are formed, which afterwards become the flanges of 
the tyres. The cylinder is next removed from the mandril, 
placed in a lathe, and divided into distinct tyres, as shown by the 
dotted line in Fig. 6; these separate tyres can then be finished 
in an ordinary tyre rolling-mill. Mr. Frith’s improvement con- 
sists in hammering the tyres whilst several of them are united 
into one cylinder, this hammering solidifying the metal. We 
may mention here that the plan of casting a number of tyres 
together, and afterwards cutting them apart, was used some 
time ago by Messrs. Naylor, Viekers, and Co. 

Another mode of making steel tyres, differing materially from 
those above described, is one which was proposed last year by 
Mr. John M. Rowan, of Glasgow, and for which he obtained 
— protection. In making tyres according to Mr. 

towan’s plan, the steel is forged into ingots, and from these 
ingots are cut cheese-shaped pieces, each of sufficient weight 
to make one tyre. The pieces are cut from the ingots | by 
means of a circular saw, revolving in a vertical plane, the ingot 
being cut being held by a headstock fitted to a bed-frame 
mounted on trunnions. The bed-frame is made capable of 
turning over, so as to bring the ingot against the saw; and the 
headstock is made to traverse upon the bed-plate, so that the 
ingot can be shifted forward after each cut. After being cut 
from the ingot, the pieces are hammered between a fat anvil 
and hammer until they are slightly bulged at the middle of 
their periphery. The flange is next formed on each piece b 
placing it in a “ cress” or mould, slightly shallower than itself, 
and having a recess, corresponding in shape to the required 
flange, formed around its upper edge. The “disc,” as it 
may be termed, is then subjected to the blows of a hammer, 
either having a narrow face extending across the “ disc” 
which is to be turned round underneath it, or having a round 
flat face, and striking upon narrow blocks placed between it 
and the steel, and shifted round as the hammering goeson. By 
this hammering the steel is worked over into the recess in the 
cress, and the flange of the tyre thus formed. A bolt is placed 
in a central hole at the bottom of the cress, and the head of 
this bolt produces an indentation in the “ cheese” during the 
hammering just mentioned, and facilitates the punching out of 
the centre, which is afterwards performed. ‘The central bolt 
also serves to force the block of steel out of the mould, it being 
acted upon by means of a lever and screw, The block of steel, 
after punching, is enlarged by means of a peculiar arrangement 
of rolling-mill, and is afterwards finished in the usual way. 


Sreet Tyres.—Mr. Alfred Longsdon, Mr. Krupp’s repre- 
sentative in this country, has just received a set of sixteen tem- 
plates fitted to the four cast-steel (Krupp’s) tyres of a 27 ton 
goods engine of one of the northern lines, after the tyres had 
been in use three years and one month, in which time they ran 
100,000 miles without being turned. The wear is comparatively 
slight, and lithographs are being made from the templates for 
publication, The four tyres bore a weight of 18 tons, 

Coxx v. Coat.—Many of the coal-burning engines of the 
South-Eastern Railway are now being worked with coke. This 
appears to be a retrograde movement, but we understand that 
there is but little difference in the total cost per mile, and the 
freedom from smoke is something to which, in these days of 
coal-burning, we had almost ceased to be accustomed. 

Tue Great Norra or Scortanp Rarway.—This line, 
including its branches, is now nearly 200 miles in length. It is 
worked by 48 locomotives. The old workshops at Kittybrewster, 
near Aberdeen, are insufficient for their purpose, and a new and 
well-designed establishment is shortly to be commenced from 
the plans of the company’s locomotive superintendent, Mr. 
William Cowan. 

Manine Enoinrs.—John Robertson, of Glasgow, has patented 
(No, 1538, A.p. 1865) some striking modifications in the valve 
gear of marine engines. He drives the valves by cams formed 
round the shaft, like the cam of a slotting-machine. He has 
separate exhaust valves, means for cutting off instantaneously, 
and altogether much complication. . 

Suirs’ Compasses.—Mr. Wylde, M.P., some time since 
moved for a return, which has since been made and printed 
(No. 244 and also No. 118) of the means adopted for ascertain- 
ing and correcting the deviations of compasses of the principal 
iron and iron-clad ships in the navy. Upwards of seventy ob- 
servations are recorded. Fora full account of the methods of 
making the observations, and of deducing the results, reference 
is made to the “ Admiralty Manual for ascertaining and apply- 
ing the Deviation of the Compass caused by the Iron of a Ship,” 
second edition; London: Potter, 1863; and for an account of 
the results obtained in armovfr-plated ships, to a paper in the 
‘* Philosophical Transactions” for 1865, page 263, “On the 
Magnetic Character of the Armour-plated Ships of the Royal 
Navy, by F. J. Evans, Staff Commander, Royal Navy, F.R.S. 
and Archibald Smith, Esq., M.A., F.R.S.” r 


THE PORT OF CALCUTTA AND RIVER 
HOOGHLY. 


Havine already given a tolerably full description of 
the peculiarities of the River Hooghly from Calcutta 
to the sea (vide EncineERING for March 30th and 
April 6th, pages 195 and 213), it is our intention now 
to consider the probable causes leading to the forma- 
tion of those deposits in the river bed which constitute 
the principal dangers in its navigation. 

It has been ascertained that the whole of the 
channels in the river bed are formed by the action of 
the downward current, and are therefore the result of 
the river stream; the upward current of the ocean 
flood in the lower part of the river, being checked by 
the force of the freshwater discharge, is capable of 
causing very little effect on the river bed, beyond, per- 
haps, eset back a portion of the silt which the 
previous ebb had carried out with it, and, by checking 


the force of the down stream, to cause it to drop some 


of the’silt held in solution, thus tending to the forma- 
tion of shoals; but the force of the following ebb, 
being strengthened by the whole power of the river 
stream, cannot fail to exercise a far greater effect in 
the formation of the channels of the river. While the 
stream is running down unopposed, the silt from the 
bottom and sides of the river bed is brought into solu- 
tion as fast as that previously contained in the water 
is deposited, and, being held im suspension, is carried 
from place to place; but whenever the water is still, 
or checked in its course, no compensation of this 
nature takes place, and silt is deposited. Wherever a 
,0int obstructs the stream and deflects it, the water 
Pelow the point, being slackened, deposits silt; and 
this holds good for both flood and ebb tides ; but even 
at points where the tides are about equal in strength, 
above them the ebb maintains a good channel, whilst 
below the whole weight of the flood is insufficient to 
make more than an insignificant and shallow boat 
channel. The power of the ebb to form channels is, 
however, considerably weakened by expansion towards 
the sea, the increased width of the river necessarily 
diminishing its scour, and this evil is rapidly increasing, 
the water continually making further encroachments 
on the river bauks; thus, for instance, half a mile of 
Saugor Point is now under water, the snags on Cow- 
colly beach show that what is now covered with water 
was once dry land, the old village of Kedgeree is sub- 
merged, the mark at Mud Point has been removed in- 
land four times since 1855, Silver Tree obelisk is in 
the water, Middle Point has lost four hundred yards 
within a comparatively short period, and many other 
parts of the lower banks of the river have suffered in 
proportion, 

Experience has shown that the more powerful the 
stream of the river is, the deeper and more permanent 
are its channels. In the upper reaches, where the 
stream is powerful, little or no change takes place ; in 
the freshets, when its volume is enormously increased, 
all the channels of the river are improved, and, were it 
not for their annual recurrence, there can be no doubt 
that the navigation of the river would be very seriously 
impeded, since in the dry season, when the power of 
the stream is least, the channels become shallower than 
at any other time. Of late years there has been some 
diminution in the quantity of the river stream; the 
freshets do not commence so early or remain so late as 
they did, neither do they raise the water so high as 
they used to do, and at the same time the lower part of 
the river has been in an unusually unstable condition. 

From the foregoing, it may fairly be concluded that 
the causes of the frequent changes in the position of 
the navigable channels in the lower portion of the river 
are the great disproportion between the sectional area 
of the upper and lower portions of the river, and the 
large quantity of silt carried down by the freshwater 
supply. It is clear that nothing can be done by which 
the freshwater supply of the Hooghly could ever be 
cleared of the silt held in solution, and it seems very 
questionable, considering the magnitude and expensive 
character of the works that would be required, whether 
anything of a permanent nature could be undertaken 
with a view to improve this portion of the river. Its 
further deterioration, by continuous erosion of the 
banks, might perhaps be to some extent checked by 
protecting those pomts where such action seems to be 
most powerful. 

The formation of bars occurs only at points where 
there is an increase in the width of the Roanal or an 
abrupt bend in the river; their mobility may be traced 
to the constantly changing position or shape of the 
channels, and they are therefore constantly re-formiug 
aud moving up or down, adapting themselves to the 





new form of channel. Hence the primary cause and 


peculiar nature of the bars may be assumed to be the 
extreme mobility of the materials forming the sides of 
the channels in which they occur. 

The greatest obstruction in the upper portion of the 
river are the James and Mary sands. Much difference 
of opinion exists as to the cause of their formation, but 
on examining a chart of the Hooghly it will be seen 
that different agencies are here at work, and that there- 
fore these obstructions are probably not caused, as in 
other parts of the river, by the action of the main 
streamalone. The sands are formed between the points 
where the Roopnarain and the Damoodah fall into the 
main river, the former of which adds in time of high 
flood about 600,000 cubic ft. and the latter 100,000 
cubic ft. per second to the waters of the Hooghly, 
which itself discharges 500,000 cubie ft. per second 
above the confluence of the Damoodah. 

In all silt-bearing rivers the tendency is that, where 
a large tributary falls in, a shoal is almost invariably 
formed above the point of junction, and a deep pool 
for some distance below ; the size of the shoal is also 
generally large or small in proportion to that of the 
tributary, and to the angle at which it enters the main 
stream, the effect of the waters of one river entering 
another at anangle naturally resulting ina diminution 
of velocity in the main stream, and a consequent de- 
posit of silt. 

The Damoodah pours in a volume of water equal to 
one-fifth that of the Hooghly, which it meets at an 
angle of about 60°; and there is a very considerable sand 
above the point where it enters, and a deep pool for 
some distance below. The Roopnarain pours in a 
volume of water equal to the whole of that of the main 
river, which it meets at right angles; and there is an 
enormous sand above the point of junction, and deep 
water for a long distance below. It may therefore 
not unreasonably be concluded that the James and 
Mary sands are formed by the action of the Roopnarain 
on the waters of the Hooghly, aided probably by the 
sudden bend at Hooghly Point ; their shape, however, 
may in all probability be in some measure attributable 
to the action of the waters of the Damoodah, since 
during the rains, when the discharge from that river is 
high, the Hooghly stream is pushed over towards the 
left bank, the Eastern Gut is scoured out, and the 
Western Gut closes, whereas in the dry season, when 
the Damoodah discharge is comparatively small, the ebb 
tide runs more under the right bank, the Western Gut 
opens and the Eastern closes. Should this assumption 
be correct, that the James and Mary sands are thus 
formed by the action of the waters of the Roopnarain 
on those of the Hooghly, it may similarly be reasoned 
that the Fultah sand is the result of the action of the 
Damoodah on the Hooghly. 

The formation of the Moyapore Flat may thus be 
accounted for:—The ebb tide flows round the concave 
side of the river above the flat, and being close on to 
the bank, it keeps a deep channel clear, but just above 
the bar it is thrown off by the concave curve, and 
crosses over to the opposite side; at this point the 
river widens a little, the current is consequently 
slackened, silt is deposited, and the bar is formed. At 
Royapore it is nearly the same, but although the river 
does not seem wider there than elsewhere, the sec- 
tional area of waterway is greater at that point than a 
little higher up, and hence a slight flat is formed. 

Although the question as to the deterioration of the 
Hooghly has repeatedly been a subject of discussion, 
and that as long back as 1854 a commission was 
appointed by Government to inquire into the subject, 
yet it does not appear that any attempt to improve 
the river was made before the year 1863, when certain 
experiments were undertaken with a view to try 
whether some of the shallows could be deepened, even 
though only temporarily, by stirring up the surface of 
the shoals at certain times of the tide. ‘The machine 
constructed for this purpose consisted of two cylindri- 
cal frames, each 10 ft. long and 5 ft. in diameter, con- 
taining twenty-two horizontal rows of teeth, placed 
fifteen in each row, to be suspended one on either side 
the bows of a steamer, and a similar drum of 20 ft. in 
length to be drawn aft of the steamer. 

The drum consisted of a set of cast-iron wheels, 
2 in. broad, having six arms or spokes. ‘These wheels 
were set 3ft. 4in. apart from centre to centre, and 
connected together by twenty-two bands of wrought 
iron, each 2 in. by }in., screwed or bolted to the cir- 
cumference of each wheel. The teeth, slightly curved, 
were of wrought iron, Sin. long and 3 in. wide at 
bottom, tapering to 2 in. at top, and having a curved 
section similar to a new moon about four days old 
with the horns rounded off, the thickness of metal in 
centre of the teeth varying from jin. at top to $n. 





near the bottom, at which point a projecting shoulder 
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ended in a $in. bolt screwed at the end; the bolt of 
each tooth, passing through holes in the horizontal bars, 
was secured thereto by a nut screwed on underneath. 
The teeth were thus fixed at a distance of 8 in. apart 
from centre to centre. The axle consisted of a bar of 
iron 2 in. square, the ends projecting 6 in. beyond the 
outer wheel frames, and rounded to work in brasses on 
the ends of two connectmg rods 3 ft. 3in. long, by 
which the drums were attached to a triangular frame 
of iron. At the apex of the triangle an eye received 
the hauling chain . which the machine was attached 
to the steamer. 

The mode of working was as follows: On reach- 
ing a shoal, the roller was lowered from the steamer 
so as to allow it to roll along the surface ‘of the place 
tobe stirred up; the steamer then moved at the rate of 
about 3 miles an hour. When deep water was reached, 
which was shown by the sudden tightening of the: sus- 
pension chains, the roller was raised, the steamer put 
round, and the same process repeated. 

The vessel used being found deficient in power to 
draw all three drums, one only of the smaller size 
was used at the experiments. On her first trip the 
vessel worked for two days only in the Western Gut; 
on the second trip she worked six days in the same 
channel, and two days in the Eastern Gut. The trials 
were purely experimental, but the conclusion drawn 
from them was that stirrmg up the surface of shoals 
at certain times of the tide would, in many cases at 
least, lower them; the arrangement of. the machine 
used was, however, considered ,a failure, the. drum or 
roller not having proved itself the best kind of machine 
for the purpose. 

We have at home some experience of the good that 
may be effected by raking the surface of shoals in 
river beds, as, for instance, in the Tyne, Tees, and 
Mersey; similar means have also been adopted for 
deepening the water over the bar at the entrance of 
the Mississippi. There can, therefore, be no just 
reason for supposing that a more complete trial of that 
system will not prove successful in reducing some at 
least of the obstructions in the bed of the Hooghly. 
That other measures may at the same time be found 
necessary before the river, from the sea to Calcutta, can 
be so far improved as to render navigation of it easy 
and safe, if indeed that is ever practicable, cannot for 
a moment be doubted. In order, however, fully to 
test the stirring principle, a steamer was specially built 
for the purpose by Messrs. Napier, of Glasgow, which, 
together with several kinds of stirring-machines, was 
despatched to India last year, and has probably, ere 
this, commenced operations. We hope to be able at 
some future time to give an account of what further 
operations may be undertaken with a view to the im- 
provement of the Hooghly, together with a statement 
of how far they may have proved successful. 

We are indebted for much of the information con- 
tained in this and the two former articles on the same 
subject to data collected by H. Leonard, Esq., C.E., 
Superintending Engineer, and J. Obbard, Esq., River 
Surveyor, Bengal. 

All arguments relative to wet docks at Calcutta 
having resulted in conclusions favourable to their con- 
struction, the next point for determination was the 
site best adapted for them, four localities having been 
generally reported eligible, namely, at Akra, Garden 
Reach, Howrah, and Chitpoor.. After a close examina- 
tion of the river at each of the above points, and 
taking into consideration the extent of land available 
for the purpose, an opinion has been unanimously pro- 
snaeel in favour of Chitpoor; but whether any 
active steps are likely to be taken in the matter yet 
remains to be seen. In the absence of private enter- 
prise undertaking the construction of docks, it is not 
improbable that Government may effect a sort of tem- 
porary compromise for the much-required accommoda- 
tion, by constructing additional wharves and jetties at 
which vessels may load and discharge. It can by no 
means be considered incumbent on the Government to 
— docks ; that must at Calcutta, as elsewhere, be 
eft to be accomplished by commercial. enterprise ; 
and we should have thought that the interests at stake 
in the maintenance of Calcutta as the chief commercial 
port of India would, ere this, have.initiated measures, 
in the absence of which there are at least. grounds for 
fearing that its present pre-eminence may pass away. 








SupMArINE CABLEs.—Those who like bold departures from 
the every day jog trot of practice should examine the recent patent 
(No. 1544, A.p. 1865) of Mr. James, Kennedy (not the. veteran 
engineer of Aigburth, near Liv 1), for suspending cables at 
from one hundred to. two hundred fathoms um ler water, but, at 
the same time, above the bottom. No means’are hinted-at to 
prevent the drift of the surface buoys. We think the idea is not 
new, but we wish Mr. Kennedy could have shown how it might 
be practically carried out. 


JOY’S STEAM HAMMER. 


‘Wr have already given in this: journal. séveraliexamples of 
the different varieties of steam hammers now in use, and to 
these we now add another—a 20 ewt. hammer—made by Messrs. 
David Joy and Co, of Middiesbro’-on-Tees,\ This. hammer, 
which is Shown by the engravings on page 344, is fitted with a 
crane, which swings round a tubular pillar containing the steam 
and exhaust pipes. The general arrangement is shown by 
Fig. 1, whilst a part front elevation is given in Fig. 2, and sec- 
tions of the cylinder in Figs. 3, 4, and 5. 

The cylinder is 133 in. in diameter, and, in addition to the usual 
steam passages leading to each end, it is provided with several 
small openings, the use of which,will be described presently, 
leading from the side of it at different heights, The main steam 
passages are 73 in. by 1 in. for the greater part of their length, 
the width being diminished to { in. at the end furthest from the 
cylinder, where they enter a valve-box, 64 in. in diameter, by 
1 ft. 32 in. long, closed at the ends by covers, which are held in 
their places by a bolt passing through from one to the other, In. 
Fig. 5 is givenga vertical section of the cylinder and valy 
from which it will be seen that the latter contains a cy. 
valve, having formed on it four raised rings, which fit-the box. 
The steam port at the back of the valve-box admits the steam be- 
tween the two central rings of this valve, whilst the space 
between the lower ring and that next above it is, also by means 
of a port at the back of the valve-box, in communi with 
the exhaust pipe. The space between the two upper rings‘com- 
municates with the space between the two lower rings by,means 
of a passage through the valve, so that it also is connected with 
the exhaust pipe. Under these circumstances it will be séen 
that, when the valve is raised above its central position, thé 
steam will be admitted to the upper and reléased from the 
lower end of the hammer cylinder, and that when’ the valve is 
lowéred, the’ reverse action will take place. The port at 
the back of the valve-box, through which the., steam 
passes to the valve, is provided with a small sliding valve, by 
which the? quantity of ‘steam! admitted can be regulated, this 
valve'being moved’ by'a Handle conveniently p at the side 
of the hammer frame. 

The piston and piston-rod are forged in one piece, the piston 
being 1 ft. 1 in. deep, and the rod 8 in. in diameter, with a ‘* flat” on 
one side formed by planing 3 in. off it. At the lower end the rod 
is enlarged for a length of 74 in. to 13 in. diameter, the dovetailed 
groove tor the attachment of the hammer-block being formed in 
this enlarged part. The form of the lower end or cover of the 
cylinder will be seen from the section, Fig. 5. It is made in two 
parts, which are placed upon the piston-rod, and then dropped 
into their place with the piston and rod. The lower end of the 
cylinder is reduced in diameter to 13 in., soas to form a shoulder 
against which the cover can rest, and the latter is further secured 
by bolts screwed into it and the cylinder, as shown in Fig. 5. 
The stuffing-box, which is formed in the lower cover, is 11 in. ia 
diameter and 7 in. deep; and the gland, like the cover, is formed 
in two pieces. These are held together by a flange-ring 2 in. 
thick and 1 ft. 9 in, in diameter outside, placed over them. ‘The 
total length of the cylinder is 4 ft. 9in., 1lin. of this length 
being occupied by the lower cover. The general thickness of the 
metal is 1fin.; but this thickness is increased to 1 in. at the 
lower part of the cylinder, as shown in Fig. 5. ‘The cylinder is 
bolted, by means of flanges 2 ft. 8 in. long and 14in. thick, to a 
well-proportioned hammer-frame, the shape of which will be 
seen from Fig. 1. The lower end of the ecvlinder is 5 ft. 6 in. 
above the base-plate ; and the overhang, measured from the centre 
a of the cylinder to the edge of the base of the frame, is 

in. 

We must now describe the arrangement adopted for workin 
the cylindrical valve which has been already described. It will 
be remembered that, in order to admit steam to the lower end 
of the cylinder, the valve has to be moved downwards; and to 
effect this movement at the proper point in the down stroke of 
the hammer, the upper end of the valve cylinder is connected 
with the upper end of the hammer cylinder by a steam pas 
Sin. in diameter, shown in section in Fig. 3. As shown in the 
section just alluded to, this passage is furnished with a cock by 
which it can be closed when necessary, the cock being opened or 
closed by.means of a short lever connected by a rod with a lever 
haudle fixed’on the side of the hammer-frame, as shown in Fig. 1. 
The end of the steam passage which opens into the cylinder is 
covered during the greater part of the stroke either by’ the pis- 
ton or by a covering strip fastened to the side of the piston and 
projecting above it, as shown in Fig.5. When the piston is near 
the top.of its stroke, this projecting strip passes through an 
opening in the cover, furnished with a case to receive it.. As 
soon as, during the down stroke of the hammer, the piston and 
covering strip have traversed past the opening to the small steam 

above mentioned, the steam from the cylinder enters this 
passage and, supposing the cock to be open, passes along it to 
the upper end of the valve cylinder, forcing down tlie valve and 
admitting the steam to the under side of the hammer piston, as 
already explained. If the cock on the steam passage is open, 
the movement*of the valve above described, and consequently 
the admission of steam,to the lower end of the cylinder, will 
always occur at a certain fixed point of the down stroke of the 
hammer; by closing the cock, however, this admission of the 
steam can be delayed at pleasure. 

For moving the valve upwards, and thus admitting the steam to 
the upper side of the hammer piston, another arrangement of 
steam passages is employed, differing somewhat from that above 
described. On the side of the main cylinder is formed a §mall 
vertical cylinder of lin. bore, and about 1 ft. 8 in. long; a 
section through this cylinder is given in Fig. 4. The bore of 
this cylinder is‘connected at four different points in its height 
with the hammer cylinder by means of steam passages, $in. in 
diameter, and it is also connected by a similar passage with the 
lower end of the valve cylinder; these passages are shown by 
the dotted lines in Fig. 4. Within the small cylinder into which 
these ges lead, there slides a plunger, which is connected 
at its lower end with a lever by which it can be raised or lowered, 
thetever being provided with a catch and quadrant by which it 
can be fixed in any desired position. Supposing the plunger to 
be in its lowest position, then, when the hammer is inaking its 








the lowest steam passage leading to the plunger cylinder, the 
steam passes through that passage into the valve cylinder, 
forcing up the valve, and admitting the steam to the upper end 
of the hammer cylinder. By raising the plunger within its 
cylinder the lowest passage communicating with the hammer 
cylinder is closed by it, and the admission of the steam to the 
lower end of the valve cylinder, and consequently its admission to 
the upper end of the hammer cylinder, is deferred until the piston 
has traversed past the next opening, and the height to which the 
hammer is lifted before tie down stroke takes place is thus 
increased. By raising or lowering the plunger the stroke of 
the hammer can thus be increased or diminished at pleasure, 
whilst, by means of the sliding-valve at the back of the main 
valve cylinder, the quantity of steam admitted, and consequently 
the heaviness of the blow, can be regulated. When the steam 
is shut off, the cylindrical valve, of course, always tends to fall 
to the bottom of its travel, and it is thus placed in. the proper 
position for admitting steam to the lower end of the hammer 
cylinder. Steam-moved valves have now been applied to steam 
hammers_ for some..years by Messrs, Joy,.and we believe that 
they have been found 'to'answer well;\by their use the number 
‘of working parts is materially tedticed.' 

The hammer. is, as we have already mentioned, fitted with 
a crane for carrying the work to be placed under it. The 
jib of this crane is horizontal, and is formed of two rails 
ge side by side’ at a short distance apart, and supported 
y slings connected to their outer ends, The inner ends of 
the rails are bolted to a strong casting, of a bowed form in 
plan, which passes round the top of the hammer cylinder, and 
clips a pillar extending from the hammer-frame to the roof of 
the smithy. The “bow” of the casting just mentioned is 
sufficiently great to allow of the jib swinging a considerable 
distance to either side. The slings, which are coupled to the 
jib at a distance of 18 ft. 6 in. from the centre of the ‘age are 
connected at their upper ends with a casting which, like that at 
the inner end of the jib, also embraces the pillar. ‘The pillar is, 
as we have already mentioned, connected at its upper end to the 
roof; at the lower end it fits into a socket in a cross piece cast 
on the hammer-frame. The steam and exhaust pi are 
connected with this column, which is cleaded with wood in order 
tocheck radiation. On the rails forming the jib of the crane 
runs {a carriage carrying the chain drum and the necessary 
winding and traversing gear. The winding gear consists of a 
grooved chain wheel provided with a hand chain, and keyed 
upon a shaft which passes loosely through the lifting chain 
barrel. This shaft also has fixed upon it a pinion, which 
gears into a spur-wheel on a countershaft, a pinion keyed on 
which gears in a spur-wheel fixed to the winding-drum. The 
traversing gear is also worked by a grooved chain wheel, the 
shaft upon which this wheel is fixed also carrying a pinion, 
which gears into a wheel keyed on the axle of one of the pair of 
wheels running on the jib. The whole arrangement will be 
clearly understood by reference to Figs. 1 and 2. Whilst speak- 
ing of this combination of crane and steam-hammer, we may 
mention that, some time ago, Mr. Alexander Chaplin, of the 
firm of Messrs. A. Chaplin and Co., applied a crane jib to one 
of the hammers at his works. In that case the jib swung around 
a casting fixed to the upper cylinder cover of the hammer, 
concentric with the hammer cylinder, this casting being 
mreenees by wire-rope backstays extending downwards to the 
back of the frame of the hammer. ‘The hammer of which we 
have given a description at p. 844, and which is a well designed and 
proportioned tool, has been constructed by Messrs. Joy for Mr. 
Spencer, the well-known marine engine builder of Newcastle- 
upon-Tyne. Our illustrations were prepared from working draw- 
ings kindly lent to us by the makers. 








Ericsson’s or Scort’s “ Compressor.”—The latest case of 
the appropriation of an American mechanical device in England is 
by far the coolest. Commander Scott, of the Royal Navy, has ob- 
tained considerable notoriety on the other side of the water by 
his ‘connexion with the trials of the broadside gun-carriage on 
the Minotaur. Now, in this carriage, he has copied the exact 
compressor invented and used by Captain Ericsson on all the 
monitors which were employed during the war. Very naturally, 
it proved thoroughly satisfactory during the trial. And, ac- 
cordingly, that sharp officer has—regardless of the origin of the 
invention, which he very well knew—ventured to call it his own. 
The London Engineer, of March 16, 1866, furnishes proof of 
what we say. It contains a drawing of what is called ‘* Scott’s 
Compressor,” which is an exact copy, even to the sizes of the 
details, of Ericsson’s monitor compressor. Still further, the de- 
vice is described in detail as follows: ‘“‘ Commander Scott's com- 
pressor consists, as will be seen, of heavy timbers, affixed to the 
slides, and four plates attached to the carriage. The transverse 
screw works in the cheeks of the carriage, and is put in motion 
by a hand-wheel, a, which can be fitted on either end. The 
levers, 7, work to great advantage, their rounded ends acting the 
part of cams, and tightening up plates and timber into almost a 
solid mass ”"—an exact copy of the monitor compressor, which 
we believe, is patented. Any one versed in mechanical matters 
cannot fail to perceive that this compressor, as graphically illus- 
trated in the Lngineer, is the work not of an amateur, but of an 
experienced mectianical mind. We happen to know where Com- 
mander Scott, who is now attracting so much notice on account 
of the success of the invention—which he has stolen, head, body, 
and tail—obtained the drawings in detail of the monitor wrought- 
iron gun-carriage and compressor, and, if it becomes necessary, 
we shall not hesitate to state it—(American) Army and Navy 
Journal, 

Cast-1ron, Rartway SLEEPERS.—Thomas Hunt, of Pres- 
ton, has taken a patent, No. 1511, a.p. 1865, for certain forms 
of transverse cast-iron sleepers for railways. ‘[hé sleepers are 
flat plates, of no great thickness, in some cases stiffened by ribs 
on their upper sides. The alleged improvements consist in the 
mode of holding the rails, and in so dividing the sleepers that 
one part may be renewed, if required, without removing the whole, 
From the drawings, we should say the sleepers would form a 
hard uncomfortable road until they broke; but this casualty 
would, we think, take place so soon after they were put down, 
under ordinary traffic, that the inconvenience could not be of 
long duration. 





up stroke, as soon as the piston traverses past the opening of 
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THE GAS COMPANIES. 


Ir is certainly astonishing what acute perceptions 
many people have, and how ready they are to exercise 
them for the purposes of complaint. Sitting here, in 
our office, we burn the Equitable Company’s gas in 
two Argand burners, giving a light which, the photo- 
meter assures us, is equal to from twenty-five to thirty 
sperm candles. And this costs us a halfpenny per 
hour. We had thought the light very good and 
cheap; but it appears it is. not, for the gas com- 
mittee of the House of Commons, having examined 
all sorts of people, have reported very much against 
it on the score of quality and price. It now costs ex- 
ceedingly little to thoroughly purify gas from sulphur— 
always excepting bisulphide of carbon, which nothing, 
so far known, has been able to take away. With 
oxide of iron, there is no difficulty in throwing down 
all the sulphur contained in sulphuretted hydrogen ; so 
that the best test, the nitrate-of-silver paper, or, which 
is not quite so delicate, the acetate-of-lead paper, will 
show absolutely no discoloration. Very likely the men 
at the purifiers are not always as attentive as they 
should be; the oxide may be left too long, or not 
quite enough is used; and there should be some 
one, therefore, independent of the companies, to watch, 
and test, and report, so that the gas may be purified to 
within the limit allowed by the Act. But when our gas 
committee tell us, as they do in their recent report, 
that the purification of the London gas from sulphur 
is so incomplete that it is “highly injurious to pictures, 
“leather, metals, &c.,” we believe they have been wholly 
misinformed. The injury is not one produced by 
sulphur at all, albeit that one of the Seomabeiemh 
shopkeepers brought samples of shoes to the committee, 
and which, being undoubtedly rotted, were, he alleged, 
rotted by sulphur. There are but few, comparatively, 
who are aware of the well-established chemical fact, 
that one of the principal products of the combustion of 
gasis water. For every pound of hydrogen contained in 
gas, it will, on combustion, take up 8 1b. of oxygen, 
and thus form 9 lb. steam, which will be duly condensed 
into nearly one gallon of water. In the 500 cubic 
feet, nearly, of gas made from a hundredweight of 
coal there will be contained about 5 Ib. of hydrogen. 
Now there are many large London shops in which 500 
cubic feet and upwards of gas are burnt per hour ; yet 
the combustion of the 5 lb. of hydrogen as certainly 
forms an amount of steam which condenses into 44 
gallons of water, a quantity considerable more than 
half a pint per minute. This steaming kept up night 
after night, for weeks together, will no doubt “ injure 
pictures, leather, and metals,” in shops where no 
p00 means are resorted to to carry off the vapour 
by means of ventilators. We do pory Han that sulphur 
18 injurious, so long as it exists in sulphuretted hydro- 
gen or in bisulphide of carbon (for free sulphur is harm- 
less to metals, &c., near it), but we are certain that any 
one who knows and has attentively observed the making 
and testing of London gas will refuse to believe that 
the inconsiderable quantity of sulphuretted hydrogen 
which escapes the purifiers can produce all the mis- 
chief which the witnesses before the gas committee 
ascribed to sulphur. As for the obstinate compound, 
bisulphide of carbon, it is present in nearly all illu- 


mnating gases made from coal, and so far nobody has 


succeeded in getting rid of it. A good deal was heard, 
years ago, of red-hot lime, and lately much has 


a few 


bee 


that the charge of the department for civil engineering 
and machinery will fall upon the eminent French 
engineer, M. Kugéne Flachat. 
for the profession in this country, we believe that no 
other appointment could possibly give more satis- 


more permanent compounds, but little, if anything, 
has been practically effected in the way of its removal ; 


has shown that the quantity of sulphurous acid pro- 
duced from the quantity of gas burnt in an ordinar. 
apartment, in an evening, is less than that produced by 
the match employed in lighting it. 
At the same time we believe the gas companies— 
who are anxious to turn their gas out as pure as pos- 
sible, since complete purification does not cost sensibly 
more than partial purification—will be pleased to have 
as henna inspection and analysis of their gas as may 
be enforced by Parliament. Beyond saddling them 
with a certain expense in maintaining the testing esta- 
blishments, they will have nothing to complain of 
from testing. An occasional complaint would at .once 
secure the {ull attention necessary in the way of puzili- 
@tion. 
As to the price of gas, we are not about to enter 
fully upon it ; but when the committee propose that the 
maximum price be reduced by Act of Parliament, it is 
not unlikely that they have been influenced by the 
statements made to them as to the cost of supplyin 
Paddington station with gas at 2s. 10}d. per thousand. 
Now, there the contractors bear none of the cost-of 
distribution, nor is the price fixed upon the quantity 
received at Paddington, but upon the quantity sent out 
from the works at Wormwood-serubs, and which 
quantity, of course, is greater than that received 
and burnt: by the amount of the leakage. We do not 
doubt that since the companies were allowed to pos- 
sess each its own district, and especially with the im- 
provements which have been made in gas-making and 
in the disposal of the residual products, gas can be 
profitably sold much cheaper than before. Indeed, 
there is every reason to hope that the general price of 
ordinary gas in London will soon be as low as 3s. 6d. ; 
but we do not yet expect to see 18-candle gas sold at 
this rate, as the Corporation gas bill proposes. 
The committee are decidedly in favour of maintain- 
ing the system of a regulated monopoly by each com- 
pany, securing to each its exclusive district, and they 
even recommend that the companies be allowed to 
amalgamate, so as to conduct their operations upon a 
larger and therefore more economical scale. The ex- 
isting works are being, in many cases, greatly enlarged 
with the increasing demand for gas. ‘The new works 
of the London Gas Company at Nine Elms are greatly 
larger than the older works at Vauxhall, and the Wes- 
tern Company are doubling the present size of their 
works. We have but little doubt that, with all the 
outery, the proposed great works of the Imperial Com- 
pany will be built near Victoria Park. The company, 
as we understand it, require an Act only to enable them 
to acquire land by compulsory purchase; but where 
there are landowners ready to sell at satisfactory rates, 
we presume the Act may be, and in this case will be, 
dispensed with. No gas company needs an Act to em- 
ower it to make gas any more than to make buttons, 
but for purposes irrespective of the special manufacture, 
and the existing company already has its Act for all 
necessary purposes of incorporation. As to the injury 
of vegetation by gasworks, there is nothing in it. The 
Temple Gardens, with their beautiful flowers, have had 
large gasworks close beside them for nearly half a 
century, and yet the bloom is as bright as ever. 








THE PARIS EXHIBITION. 


Tue restriction of the space allotted to British ex- 
hibitors to less than one-fourth that applied for will 
cause much disappointment to our manufacturers, and 
especially to our manufacturing engineers, who of 
necessity require a large space in order to make a 
proper display of their works. It is somewhat remark- 
able, that in these days no International Exhibition 
building can be made large enough to meet the demands 
of intending exhibitors for room. What would be the 
effect of war, should it at last break out on the Conti- 
nent, in checking trade, and therefore in lessening the 
inducement to exhibition, it is needless to speculate 
upon. It may happen that even the restricted space 
assigned to this country will meet all the requirements 
at the last moment. lt was, as many of our readers 
are aware, very lately under consideration whether the 
Exhibition should not be postponed for another year, 
but the opening in 1867 has since been definitively 
fixed upon. From what we hear, it is not improbable 


So far as we may speak 





n said of soda waste, to remove the sulphur in its 


faction. 


and even if it be not removed, Dr. Versmann 


GREAT GUNS. 


Tue “ American Engineer,” whose letter appears on 
another page, is one whose name, were we to mention 


Y|it, would be recognised the world over. He is one 


who, perhaps better than any one else, should be able 
to give us information as to the American 20 in. guns, 
and their practice against armour. Strangely, how- 
ever, we have nothing but assumptions and calcula- 
tions, the latter from theoretical premises which are 
well understood, and which any ordnance engineer 
could make for himself. The letter, too, is not quite 
in the tone which English engineers and English gen- 
tlemen are accustomed to adopt in addressing the 
conductors of professional journals; but this is a 
matter of little moment, at we do not care to dwell 
upon it. Considering only its substance, and not its 
manner, and having regard to its source, the letter to 
which we refer is by no means a satisfactory defence of 
the American heavy cast-iron guns. It sets out with 
an erroneous assumption with respect to what we 
had ourselves written upon great guns. Whoever 
refers to our article on this yy in ENGINEERING 
of April 20th last, page 249, will find that we have 
not assumed “that the American XX. in. guns are 
“intended to throw a shot at the full velocity at- 
“ tained with the 68-pounder,” or about 1600 ft. per 
second. So far from assuming anything of the kind, 
“the writer of the article on great guns” was 
aware that, while “we sometimes hear it proposed 
“to make guns of 20 in. bore, to throw shot of 
“1000 lb. weight at the full velocity attained with 
“ the Genenien,” the American guns were, of all 
others, the least capable of such service. To throw 
a 1000 1b. shot at 1600 ft. per second would require 
a powder charge of about 225lb., and we do not 
need our correspondent’s assurance that “no such 
* scheme is entertained by the American artillerists.” 
A very few such charges would doubtless finish not 
only the guns, but the artillerists also. Nor have 
we anywhere put forward the Somerset gun as an 
especially effective weapon, although we referred to 
its dimensions and service charges for the purpose of 
certain illustrative calculations. We are not aware 
that the Somerset gun is “ famous,” “much ad- 
mired,” or an “especial favourite.” It is a more 
powerful gun than the old 68-pounder, but we have 
no reason to suppose, nor are we aware that it has 
been supposed, that this gun could effect any serious 
damage to even 44in, plates with a good backing of 
timber, to say nothing of 8in. plates. “ American 
Engineers” must be careless readers, and we are in- 
clined to add that they are conceited writers. 

Our correspondent puts forward the well-known fact 
in favour of large-bore guns, that powder does more 
work when burnt behind a proportionately heavy shot, 
say eight or ten times heavier than the charge, than 
et it drives out a lighter shot at a higher velocity. 
In addition to this, we have a statement that the 15 in. 
gun, burning 40 Ib. of powder, sent off its 334 lb. shell 
with an initial velocity of 1328ft. per second. If 
General Barnard can repeat and thus establish this 
result, it will surpass anything yet recorded in gunnery. 
Mr. Holley’s work on Ordnance and Armour, page 578, 
gives for the 15in. Rodman army gun the following 
result: With 40 lb. of powder and a spherical shell of 
only 315 Ib., the initial velocity was 1250 ft. per second, 
rs with 50 lb. of cake powder and a 330 Ib. shell, the 
initial velocity was but 1118 ft. With the 15 in. Rod- 
man navy gun, firing 601b. of powder and a 400 lb. 
spherical cored shot, the initial velocity was 1480 ft. 
per second. We will at once admit that these results 
are somewhat beyond that attained by the 104 in. 
smooth-bore Armstrong, in firing 401b. charges and a 
150 lb. ball at,an initial velocity of 1726 ft. per second ; 
The Armstrong gun, too, had a larger bore in propor- 
tion to the len; End its smooth shot had considerably 
less windage than in the 15in. guns. The nearest, in 
the comparison of effect, that we have attained to 
throwing a 315 lb. shell at an initial velocity of 1250 ft. 
with 40 ib. of powder was with the 13.3 in. Armstrong 
gun, in July, 1864. With 40lb. of ——. it threw a 
603 lb. steel bolt at 860 ft. initial velocity. The pro- 
duct of the square of the velocity into the weight of 
the shot is, for the American gun, 492,187,500, while 
the corresponding product of efficiency for the same 
weight of powder in the Armstrong gun was 
445,978,800. We may observe that these numbers do 
not represent foot-pounds of work, but are in the pro- 
portion merely of the work done in the two cases. 

We do not deny that to get the utmost effect from 
100 lb. of powder, it should be burnt against a heavy, 
say, 1000 Ib. shot, nor that the effect will be somewhat 








greater if the force is exerted against a 20 in. sphere, 
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having an area of 314 square inches to recéive the pres- 


THE 


MECHANICAL “PRINCIPLES OF 


to 


the amount of labour to be performed in lifting is equal 


the total weight of the bird multi lied by the 


sure, than if the force be exerted inst a 13m. or . 
15 in. cylinder of the same weight, and having only THE FLIGHT OF BIRDS. distance through which a body will fall in the air 
132 or 176 square inches to receive the pressure. But} Iw our number of January 19, 1866, p. 33, we drew | during ysth of a second, viz. about lin. The weight 
of utilising the utmost force of | the attention of our readers to the newly formed| of a ird of this kind, as ascertained by Prechtl, is 
about 6.Jb. ; the labour performed to keep that weight 


the question 1s not one 
every pound of powder, but of effecting the utmost 
amount of total work. in punching armour plates. A 
13 in. eylinder of 1000-1b. weight, and moving at a 
given velocity, would punch a plate which a 1000 Ib. 
sphere at the same velocity would not; and the cylin- 
der would still have the advantage at a considerably 
slower volocity. On the other hand, the driving pres- 
sure per square inch of the shot, and the strain upon 
the gun, would be greater with the cylinder than the 
sphere. We prefer to make the strongest gans we can, 
and to work them at high pressure, in order to pene- 
trate armour. The Americans, on the contrary, make 
cast-iron guns, worked at a lower pressure, which, we 
are reasonably certain, will neither punch nor smash our 
best and thickest armour. 
Our correspondent’s calculation as to the punching 
effect of a 20 in. shot against an 8 in. plate is wrong, 
imasmuch as he assumes that shot punch out cylinders 
only, whereas they punch out frustra of cones, and it 
+g hecause the surfaces broken away enlarge so much 
more rapidly than as the mere inerease of thickness 
that the resistance of armour plates increases practically 
as the square of their thickness. Eminent as is our 
correspondent in his profession, almost any ordnance 
engineer on this side of the Atlantic will be able to 
perceive that a 20in. shot, fired with 100 lb. of 
sowder, could not punch a really good 8 in. plate well 
hacked in the manner of a target. 
It will be observed that our correspondent refers 
only to 100 Ib. charges for the 20in. gun. We had 
been hearing all along of 140 Ib. charges. Possibly, 
in actual conflict, we are now 
upon 120 lb. Now the 20 in. 


told, officers may venture 
naval gun weighs 
444 tons, but there is no certainty whatever as to 
what its endurance would be with even 100 Ib. charges. 
The only report of endurance tests we have seen of the 
15 in. cast-iron navy guns was the following: Fired 
900 rounds with soli 440 Ib. shot, at from 0° to 5° 
elevation; charge commenced at 35 lb., increased to 
50 Ib., and then to 60 lb., at which 220 rounds were 
fired. Burst with 70 lb. charge. The weight of this 
gun was 42,000 Ib., its greatest diameter was 4 ft., and 
its length of bore 10 ft. 10 in. Its prescribed service 
charge is 35 lb. The 13.3 in. Armstrong gun weighs 
51,296 Ib., its length of bore is 12 ft. 14 im., and its 
greatest diameter over the breech is 4ft. 34 in., the 
trunnion hoop being 4 ft. 5} in. The English gun 
would not burst explosively ; the American gun would 
necessarily do so; the English gun would unch 
armour that the American could not, at least with the 
same charge of powder. The endurance test of the 
single cast-iron gun showed great strength, but we 
cannot think that guns firing round shot of any weg 
will penetrate heavy armour, nor Can we believe that 
the cast-iron guns would stand the strain which would 
be brought. upon them if they were fired with punch- 
headed bolts. But, before coming to a final opinion, 
we all of us desire to know more of the resudés obtained 
from the large cast-iron guns. 
THE STEEL QUESTION. 
Suvce the appearance of Mr. Scott Russell’s letters, 
in our columns, upon the necessity for further experi- 
ments upon the fitness of steel as a substitute for 
wrought iron im construction, and since the more 
recent discussion upon the valuable paper of Mr. R. 
Price Williams, upon permanent way, definite steps 
have been taken to carry outa complete and conclusive 
series of experiments for the purpose above mentioned. 
A committee has been formed, consisting of Mr. Fowler, 
President of the Institution of Civil Engineers, Mr. 
Scott Russell, Mr. W. H. Barlow, Mr. Berkeley, and 
Captain Galton ; and these gentlemen (throug Mr. 
Berkeley, who has promoted the movement) are in- 
viting steel-makers to send samples of their manufac- 
tures, with particulars of the materials and processes 
employed, for a sy stematic series of trials which will, it 
is believed, set at rest many questions which have been 
raised as to the fitness and economy of steel structures. 
We hope to be able to give early information as to the 
results of this movement, and in the mean time those 
wishing to take part in it may communicate with Mr. 
George Berkeley, No. 24, Great George-street, West- 
minster. 
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We have been long familiar 


Meraiic STUFFING-BOXES. 

with a plan of metallic packings for stuffing-boxes, extensively 

used in the States. The packings consist 0 white metal rings 
ssed around the piston-rod by a conically bored gland. 
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echanical action of flight is 

With this acknowledged want. of a correct 
ion of these principles, it is to be regretted 
rature has not been drawn — toa 
and particularly that a work by T. J. 
d in Germany some twenty years ago, 
« Researches on the Flight of Birds,” 


lated into English. 

M. Prechtl embodied in his work the results of his 
“continued scientific researches and discoveries 
d to the anatomy of birds and the mecli® 
les of the motion of wings, and succeeded 
lete mathematical : investigation 
hanics of flight. 
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The motion of the wing consists of two essential 
names the down-stroke and the 
The down-stroke begins with the extended 

in an elevated position, and it is performed 
the whole surface of the wing downwards, 
describing part of a circle. The down- 

rally completed when the wing has ar- 
izontal position, or slightly below that 
This part of the wing’s motion is the lifting 
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ult to observe this contraction of wings 
looking at birds flying inthe air, 
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large birds when flying 
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It is very diffic 
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as their motions generally 
eye the impression of t 
during the down-stroke throug 
of the wings. Only with very 
through the air with slow move 
can the contraction of the wings y 
be sometimes observed by the practised eye. With 
this nature of motion, it is obvious that the flying 
animal is lifting itself during the down-stroke only, 
and sinks under the unopposed action of gravity while 


the return stroke of the wing is performed. To main- 
ht in the air, a bird 


tain its position at a certain heig 

must lift its weight during each down-stroketbrough the 
same space through which it will sink by its weight in 
the other period of the wing’s motion. “The amount of 
labour to be performed will de end upon the relative 
proportion of time occupied by these two essent: 
movements of flight, and it is obvious that the exer- 
tion will be all the greater the longer the time which is 
taken up by the up-stroke of the wing. 

Many observations have established the fact that 
with the best flying birds the time for the up-stroke is 
only one-third of the time occupied by the down-stroke. 
If the time of the total-stroke of the wing be divided 
into four equal parts, three-fourths will be taken up by 
the down-stroke and one-fourth is oceupied by the up- 
stroke. 
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d of motion corresponding to three 
d, the resistance of the air and the 
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n 20 foot-pounds per minute, and conse- 
bird would rise in the air with a speed ex- 
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per minute. Wi 
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The analysis of the motion of many other birds as 
htl, and the most minute calculation 
rted by them, show that there is no 
yenditure of work required for flying than 
er kind of animal locomotion. The eneral 
is, that birds in flying at full speed 
er which will lift their own 


rge number of birds’ wings. By pulling and press- weight 1} ft. per second—an exertion fully equalled by 
les of the dead bird, he sueceeded that of a man quickly ascending a flight of stairs. For 
elves in the air and flying in a hori- 


derate speed, birds do not re- 
ll lift their respective weights 
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s in the act of walking and run- 
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ower the mac 
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him through the air, 
ed 1} ewt., or 160 lb., the total 
by the available muscular power. 
There are not many of our present prime movers 
suitable for the purpose of constructing 4 flying- 
machine, yet calculation shows that the thing 1s 
feasible, and there ought to be no doubt that it will 
ultimately be accomplished with the advancement of 
engineering practice. For a very short space of time 
the muscular exertion of a man may considerably 
exceed the seventh part of a horse power, and in such 
a case he would be capable of lifting himself up in the 
air by means of artificial wings of suitable construction ; 
but the exertion could not be endured longer than @ 


few seconds. 
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TuBE-CUTTER. 
a patent, No. 1527, A.D. 
ting off tubes. The tube is grip 

a small steel circular cutter, revo vi 
is fitted in the instrument on the o posite side of 
By working the instrument to and fro, and at the 
setting up the cutter by ascrew, the tube is quickly cut through. 


It is a neat application of the circular rolling cutter—a form 
cutter not sufficiently known and used. We hope shortly to 
“ shears,” for cutting plates 


illustrate an excellent machine, or 
with this kind of cutter. The machines are being made by 
Messrs. Kittoe and Jackson, of Compton-street, Clerkenwell. 
SrkaM-VALVES.—Mr. John Nuttall, manager of the Bridge- 
water Foundry, Patricroft (Messrs. Nasmyth and Co.'s), has 
patent, No. 1516, A.p. 1865, for the segmental valve 
so widely known and used in this country in the Corliss — 
The patent is, of course, worthless, having been antic! le 
Hor-siast CuroLas. — Thomas Summerson has taken & 
patent, No. 1498, A.D. 1865, for heating the blast of cupola fur- 
haces in heating-chambers surrounding the upper part of the 
furnace, and heated by the waste heat. We believe the same 
economy of fuel is obtained the cupola to a coD- 
siderable height, as now i best. foundries. The 
increase of height of es in the Cleveland 
district from 50 ft. to 75 ft., 90 ft., and lately to 101 ft., has been 
attended with a very considerable reduction of the tem ig 
el. 








Frenchman, M. Duterne, took an English patent last year for a 


lan on the same general principle. His patent is num 
555, a.v. 1865. 


stroke is $rd of a second, giving 7r 


the down-stroke and ysth for the up-stroke. 


ths of a second for 
Now, 


of the waste gases, and with a corresponding economy © 
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MUDHOLES IN LOCOMOTIVE BOILERS. 


TuERE are few things more essential to the dura- 
bility of a locomotive boiler, or indeed to that of a 


boiler of any class, than that it should be completely 
furnished with muad-plugs, or mud-doors, by which the 
deposit from the water evaporated can be easily and 
thoroughly removed from all parts. In a locomotive 
boiler the greater part of the deposit accumu- 
lates around the lower part of the firebox, this 
accumulation arising partly from the fact that 
the evaporation of the water always goes on most 
rapidly at that end of the boiler, and partly from 
the bottom of the firebox casing being the lowest 
point of the boiler, and consequently receiving the 
deposit washed down from the other parts. When, as 
is very generally the case, the feed water is introduced 
into the barrel of the boiler towards the front end, a 
considerable amount of the lime, &c., contained in the 
water is deposited in the barrel itself, and by suitable 
arrangements this deposit can be caught and prevented 
from washing down into the bottom of the firebox 
casing, where, from the intense heat to which the 
firebox plates are exposed from the immediate contact 
of the fire, its presence is particularly undesirable. 
Before speaking, liowever, of the special arrangements 
just alluded to, or, as they are frequently called, “ mud 
collectors,” we shall say a few words about the various 
ways in which mud-plugs or mud-doors may be fitted. 

‘The simplest form of mud-plug consists merely of a 
tapered screw-plug, inserted in a suitably tapped hole 
in the boiler-plate. In cases where the boiler-plates 
in which the plugs are inserted are flat and are of 
sufficient thickness, so that a good thread can be 
obtained in the hole, these plugs answer very well ; 
but at the corners of the firebox casing, where the 
hole is formed in a sharply curved plate, they fre- 
quently give much trouble, more particularly after the 
thickness of the plates has been reduced by corrosion. 
In order to obtain a better hold for the plugs in such 
places, Mr. Sinclair and some other locomotive 
engineers secure brass flanges to the corners of the 
firebox casing at the points where the plugs are in- 
serted, these flanges being in some instances furnished 
with a central boss, through which the hole for the 
plug is formed. ‘This boss, of course, enables an 
additional number of threads to be obtained in the 
hole, but the increase in the length of the hole caused 
by its use interferes somewhat with the free introduc- 
tion of rods for raking out the deposit from the sides of 
the firebox. The number of threads obtained by 
rivetting a }in. flange on the outside of the corner- 
oe and tapping the hole through both the flange and 
oiler-plate is quite sufficient for all practical purposes. 
In some instances the corner-plates of firebox casings 
have been thickened where the mud-plugs are in- 
serted, by welding bosses on to the outside of them. 
This is searcely a good plan, unless very carefully per- 
formed, as by being raised to a welding heat the plates 





are almost always “wasted” on the opposite side to 
that to which the boss is applied, and, as the bosses 
are generally welded on just above the firebox.ring, 
this wasting of the plate on the inside renders it diffi- 
cult to make a good joint between the plate and ring, 
and is thus apt to cause leakage. A better mode of 
thickening the plates at the mud-plug holes is that 
shown at A, Fig 1. According to this plan, a hole is 
first punched in the plate, and the plate being then 
heated, the iron is dished out around the hole, as 
shown in the upper part of the figure. A punch, of the 
form shown in the sketch, is next applied, and, the 
po being rested on a flat surface, the bulged part is 
‘ammered down into a boss, as shown at A?. This 


very highly heated, and little or no waste, therefore, 
takes place. 


plan to insert a mud-door in the firebox rin 
side. An excellent form for such doors is that shown 
at B, Fig. 1. The opening closed by the door is 
formed by merely cutting away from 4in. to 5 in. of 
the firebox ring. The door has grooves planed in it 


the sketch. 
the firebox ring enables a rod to be pushed up between 
the plates of the firebox and casing, and deposit lodging 
on the stays, &¢., can thus be easil mein 3 When bad 
water is used, washing-out plugs should also be placed in 
the firebox casing in such positions that, by removing 
them, rods may be introduced for clearing the deposit 
frgm the roof of the firebox. When the foof stays run 
longitudinally, the most convenient position for such 
plugs would be at the back of the firebox casing just 
above the level of the top of the firebox, each plug 
being opposite a space between two roof-stays. Gene- 
rally, however, the arrangement of the longitudinal 
stays of the boiler prevents them from being so situated, 
and they have therefore to be placed at the sides of the 
firebox casing. At ‘C and D, Fig. 1, we show two 
forms of mud-plugs and seats suitable for the situation 
which we have just mentioned. That shown at C has 
been most generally used, but the conical seat upon 
liable to be injured by the clearing-rods and by the 
introduction of a hose-pipe nozzle for washing out the 
boiler. In the form shown at D, the screw-threads are 
outside, and are therefore not liable to’ be damaged ; 
and the seat upon which the cap screws to make the 
joint is fully exposed, so that any “burr” or other 
injury caused by an accidental blow can be more easily 
set right than would be the case in the form shown at 
C. ‘The number of these washing-out plugs necessary 
to give complete access to the top of the firebox will, 
of course, depend upon the length of the firebox itself; 
generally four or five on each side of the casing will be 
sufficient, those on the one side being arranged so that 
they come opposite the intervals between those on the 
other. In fixing these plugs to the firebox casing, care 
should be taken that the studs passing through the 
flanges are so arranged that none ofthe holes for them 
are situated in the same horizontal line as the washing- 
out holes, as, when this is the case, the side plates of the 
firebox casing are considerably weakened by the lines 
of holes thus formed. 

For cleaning the barrel of the boiler, ordinary tapered 
mud-plugs are generally inserted in the smokebox 
tube-plate beneath the tubes, and in some few in- 
stances they have also been inserted in other parts of 
the plate, tubes being omitted to make room for them. 
Sometimes an oval opening, fitted with an inside door 





secured by a crossbar, is formed in the tube-plate 
below the tubes. On the London and South-Western 
Railway many of Mr. Beattie’s engines have mud- 
doors of the form shown at A, Fig. 2, placed at the 
bottom of the barrel of the boiler. e opening given 
by these doors is about 5 in. in diameter, and one of 
them is placed under the combustion-chamber, and 
another near the front end of the barrel. Another 
form of mud-door for the bottom of the barrel is that 
used by Messrs. Neilson, which is shown at C, Fig. 2. 
In this case the opening is closed by an inside x 
secured by a crossbar and central bolt, instead of by 
an outside plate as in Mr. Beattie’s arrangement. As 
shown at C, the dished form of the plate to which the 
mud-door is fitted forms a recess below the level of the 
barrel of the boiler, in which the deposit can collect. 

At B, Fig. 2, is shown the form of mud-collector 
applied by Mr. Sinclair to his engines on the Great 
astern Railway. It consists of a ring, 12 in. in 
diameter inside, formed of a flanged plate 3 in. thick, 
and ‘rivetted to the under side of the barrel. The 





method of proceeding does not require the plate to be 


Tn addition to mud-plugs at the corners, it is a good) 
g on each’ 


to fit the plates of the firebox and casing, and it is held/ 
in its place by a central bolt and crossbar, as shown in! 
he introduction of doors-of this kind in’ 


which the ia bears, and also the screw-threads, are | b 


and is furnished with a blow-off cock'at the. centre. 
Each boiler is generally provided with two of: these 
mud-collectors on the under sidé, one being placed a 
short distance in’ front of the firebox casing, and the 
other at about one-third the length of the barrel from 
the front end. The blow-off: cocks have plugs screw- 
ing down on to conical seats, and they are furnished 
with sockets and rods, by means of which they can be 
readily opened from the side of the engine. It is the 
usual practice to blow off the engines partly through 
the cocks on the mud-collectors and partly through 
that at the bottom of the firebox casing. A very 
considerable proportion of the total quantity of deposit 
is caught by these mud-collectors, and is thus pre- 
vented from working down into the bottom of the 
firebox casing, where, as we have already stated, its 
presence is particularly undesirable. In some in- 
stances, when these boilers have been cleaned out, the 
amounts of deposit taken from the different parts have 
been weighed, and although the results obtained varied 
considerably, probably owing to the different ways in 
which the various engines had been previously blown 
off, a large proportion of the total quantity of deposit 
was always found in the mud-collectors. In one case 
the quantities taken from the various parts of a boiler 
which had been working with very bad water were as 
follows:—from the front mud-collector, 14 lb. ; from 
the back mud-collector, 45 lb.; from the bottom of 
the barrel, 15 lb.; and from the bottom of the fire- 
ox casing, 49 lb.: total, 1231b. The small quan- 
tity taken from the front mud-collector was, in this 
instance, probably due to its being placed in front of 
the openings through which the feed-water was de- 
livered into the boiler. The back mud-collector was 
uite full. If it had been larger, a greater quantity of 
Jepouit would in all preeaiy have been found in it, 
and a proportionately less quantity at the bottom of 
the firebox casing. ‘by removing the covers of these 
mud-collectors free access can be had to the tubes and 
lower part of the barrel for cleaning purposes. In 
Mr. Sinclair’s engines the tubes are arranged in ver- 
tical rows, and a rod can thus be pushed up between 
them; in some cases also a vertical space, 1 in. or 
1} in. wide, is left down the centre of the boiler, 
between the two middle rows of tubes, in order to 
facilitate the circulation. 
When the water is blown off from the boiler through 
the cocks on the mud-collectors, which we have just 
described, the deposit is not completely removed from 
them, a portion only, of the form of an inverted cone, 
being blown out of the centre. For this reason it 
ace | robably be better to form the cover as shown 
at D, Tig. 2, so that when the cock is opened the col- 
lector will be nearly emptied. ‘The size of the mud, 
collectors required for any given engine will, of 
course, depend upon the quality of the water used, and 
upon the number of days which the engine is worked 
without the boiler being washed out. They should 
always be sufficiently large to contain the whole of the 
lime, &c., that could be deposited in them between the 
times of cleaning the boiler. If two are applied, that 
next the firebox casing should be of the greater 
capacity, and the other should, if possible, be placed 
between the firebox and the openings for the inlet of 
the feed-water. 
In the course of an article on Austrian locomotives, 
which appeared in this journal a few weeks ago (vide 
the present volume, page 145), we described an ar- 
rangement which had been applied by Mr. Haswell to 
some of the engines on the Emperor Ferdinand’s 
Northern Railway, for the purposes of heating the 
feed-water before allowing it to mix with the main 
body of water in the boiler, and thus causing it to de- 
posit a portion of its impurities. Of this arrangement 


| 





we now give a side elevation and transverse section in 
Fig. 3... It consists, as will be seen, of a sort of pocket, 
formed by a dished plate rivetted to the inside of the 





cover is formed of a j-in. plate, secured by 1-in. bolts, 





barrel opposite the inlet orifice of each delivery 
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clack-box. These pockets extend from about 12 in. 
below the centre line of the barrel toJabout 20 in. 
above that line, and they measure about 18 in. longi- 
tudinally. At the upper part, the plate forming each 
pocket is bent inwards, as shown in the transverse 
section, this edge over which the feed-water has to 
flow being about 3 in. or 4 in. above the level of the 
water in the boiler. On the outside of the barrel on 
each side, and in communication with the pockets just 
mentioned, is rivetted a circular chamber, about 10 in. 
in diameter, and projecting about 12 in. from the 
barrel. These chambers serve as receptacles for the 
impurities deposited by the feed-water, and, as shown 
in the illustration, they are each furnished with an end 
door, by removing which they can be cleaned out. 
The feed-water on entering the pockets, and being 
subjected to the heat of the surrounding water and 
full pressure of the steam, deposits a large proportion 
of its impurities, which are thus prevented from enter- 
ing the boiler. We think the plan is well worthy of a 
trial upon English engines ; in Austria we believe that 
it has been found to answer well. We may mention 
that the Austrian engines are fed by injectors. 

In 1863, Mr. George Spencer took out a patent in 
this country for an arrangement of feed-water purifier 
which is identical in the principles of its action with 
that just described. In Mr. Spencer’s arrangement 
the chamber into which the feed-water is admitted is 
in communication with the steam space of the boiler to 
which it is applied, and contains a number of trays 
placed one below the other. The feed-water falls into 
the uppermost tray, after nearly filling which, it flows 
over by suitable openings into the one below, and so 
on, falling at Jast into the boiler. The trays expose a 
large surface to the steam, and this, together with the 
immediate contact of the steam and water, which takes 
place as the latter flows from one tray to another, would 
a cause the feed to be more thoroughly heated 
yefore entering the boiler than in the Austrian arrange- 
ment, and the deposition of the impurities would there- 
fore probably be more complete. The trays are ar- 
ranged so that they can be readily removed when they 
require cleaning. 

Tut New Hovse or tue Iystirution or CiviL 
Eneineeks.—A special general meeting of the mem- 
bers and associates of the Institution of Civil 
Engineers has been called for Tuesday, June 5th, at 
five o'clock p.m., to consider the subject of the 
proposed new building to be erected on the freehold 
site of Nos. 15 and 16, Great George-street, West- 
minster. ‘Towards the estimated total cost of 66,000/., 
nearly 25,000/. have now been subscribed, and the 
available furids of the Institution amount besides to 
about 20,322/. The present number of subscribers 
is 108; but as the subject has not yet been brought 
formally before the members, there is little doubt 
that a far greater number will be found ready to in- 
crease the amount promised to 40,000/. or 50,0002, 
so as to remove all necessity for mortgaging the pro- 

yerty of the Institution to the extent of 16,000/., as 
ied been suggested in case of the necessity of doing 
The present building is already insufficient for the 
accommodation of the members, and for the proper 
conduct of the business of the Institution, aa it is 
also conspicuously out of keeping with the present 
and prospective importance of the profession. The 
yresent movement has been so well supported by the 
leading members and associates, that there can be no 
doubt whatever of the general concurrence of the 
whole body of the Instit ition, and we may count with 
almost equal certainty upon an immediate and liberal 
increase of the subscriptions requisite for the purpose. 

Tue Deesipe Raiwway.—On her journeys to Bal- 
moral, her Majesty’s train is run over the Deeside 
Railway to Aboyne. Has Captain Tyler, or any other 
competent officer of the Board of Trade, examined and 
reported upon the fitness of the engines of that line for 
passenger traflic? They are outside cylinder engines, 
with four coupled wheels in f-ont and a pair of small 
trailing wheels behind the firebox. The total wheel- 
base is about 11 ft. 6in., and we understand that the 
driving wheels are not properly counterweighted. The 
line is sharply curved, and the construction of the 
engines is such as necessarily induces unsteadiness of 
motion. On the occasions when the royal train goes 
over the line, the speed is higher than for the ordinary 
traflic. We are certain that engines of this construc- 
tion would not be considered safe for fast trains on the 
main lines in the south of England, and we wish to ask 
whether they are reckoned perfectly safe for exception- 
ally high speeds upon the crooked and undulating line 
which partly occupies the distance between Aberdeen 
aud Selneetl. 
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Tue boiler represented in the accompanying illustration is one 
designed and patented by Mr. Jordan, of Lambeth, who has one 
in use at his own wahebeen, and has also, we believe, sent some 
of them abroad. It is composed of a number of vertical wrougit- 
iron tubes, each 8in. in diameter and about 7 ft. 6in. long, 
united by castings at their upper and lower ends. The tubes 
are lap-welded, and are formed of plates din. thick. The 
number of tubes forming the boiler of course depends upon the 
a required, each tube being considered equivalent to one 

orse power. In large boilers the tubes are arranged in nests of 
fifteen, as shown in our illustration, there being three rows of 
five tubes each, and the middle row being placed so that the 
tubes forming it come opposite the intervals between those of the 
other rows. The number of tubes in each row is limited to five, 
with a view of avoiding the inconvenience that might be caused 
by the difference in the expansion of the top and bottom castings 
in rows of greater length. There is a separate casting at the 
top and bottom of each tube. Each casting has an opening on 
each side of it, and is connected with the castings of the adjoining 
tubes by bolts and flanges. At the ends of the rows the castings 
are connected with each other by cast-iron pipes, as shown in 
Figs. 1 and 3. The castings are furnished with sockets, in 
which the ends of the wrought-iron tubes are placed, and secured 
by rust joints. The tops and bottoms of the tubes are formed 
by cast-iron covers, these being held in their places by a central 
bolt passing through the top cover and screwed into a wrouglit- 
iron nut held in a suitable recess in the bottom cover, as shown 
in Fig. 1. The upper castings are furnished with the necessary 
flanges for the attachment of the steam pipe, safety-valve pillar, 
&c., while those at the lower ends of the tubes are fitted with 
connexions for the feed-pipe and blow-off cock. As shown in Fig. 
2, the castings upon which the tubes rest and the brickwork are 
so arranged that access can be had to the lower covers, and thus, 
when the bolts are unscrewed, both the top and bottom covers 
can be removed, and the whole of the interior of the boiler exposed 
for cleaning. Whilst speaking of cleaning, we may observe that we 
think it would be better if the lower castings of this boiler were 
carried down for a depth of, say, 3 in. below the communicating 
passages. The chambers thus formed would receive the deposit 
from the water, and ae it from choking the connecting pas- 
sages, and they would also enable the crossbars on the lower 
covers, by which the nuts of the central bolts are held, to be kept 
down below the level of the passages, so that they would not 
interfere with the free circulation of the water. This, however, 
is merely a matter of detail, and does not affect the principle 
upon which the boiler is constructed. 

The arrangement of the setting of the boiler is shown in 
Fig. 2, from which it will be seen that the tubes are placed in a 
chamber of brickwork, the bottom of which communicates with 
the furnace placed in front of it. Two horizontal slabs of fire 
clay are fixed in this chamber at different points in its height, as 
shown in the figure, so that the hot gases from the fire have to 
pass backwards and forwards between the tubes three times be- 
fore escaping into the chimney through the flue leading from the 
upper part of the chamber. Of course a greater number of these 
slabs can be introduced, if it is found necessary to do so, The 





JORDAN’S STEAM BOILER. 
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The construction of these boilers renders them well adapted forex- 
portation, as they are divided into parts of a convenient form aud 
size for packing. Their manufacture is now being taken up by 
Messrs. Hayward Tyler and Co., of Upper Whitecross-street, 
by whom the drawings from which our illustrations were pre- 
pared were kindly furnished. 


BRAZILIAN INTERNATIONAL EXHIBITION. 

THERE will be inaugurated in Rio Janeiro on the 19th of 
October, and continue open until the 2nd of December, 1866, an 
important agricultural and industrial Exhibition. Arrange- 
ments have been made to place the requisite space at the dis- 

sal of fcreign exhibitors. The following are the regulations 
or the special exhibition of engines, apparatus, and instru- 
ments constructed in foreign countries: The engines or in- 
struments participating in this special exhibition will not be 
entitled to premiums, and their exhibitors will be required 
to have them worked by their own mechanics during the days and 
at the hours set apart for that purpose. There will be furnished 
gratuitously to the exhibitors the necessary space, shafting, and 
steam-power. Engines requiring stone foundations or special con- 
structions, and those already used in Brazil, will not be admitted. 
The exhibitors will be obliged to transport their engines to the 
exhibition building, and to put them in the places assigned to 
them at their own expense. After the close of the Exhibition 
they can be sold, without any cost to the National Exhibition, 
the regulation concerning the custom-house duties being com- 
plied with. Parties desirous of taking part in this Exhibition 
wiil make known their intention to the ministers of Brazil in 
Europe and America within the time specified for such pur- 
pose, togetiier with a description of the engine about to be ex- 
hibited and its uses. All objects designed for this special 
Exhibition, and directed to the Executive Committee, will be 
received in the Custom-house and transported to the Exhibition 
building without the boxes being opened, and without any duties 
being paid forthem. The exhibitors or their agents must, how- 
ever, make at the Custom-house a declaration of the contents of 
the boxes, together with their value, and give sufficient guaran- 
tees for their re-exportation, or for the payment of the proper 
duties in case of their being sold. The engines so imported, 
which shall not be re-exported at the end of the Exhibition, will 
pay the duties fixed by the tariff or customs, which are one 
and a half per cent. of their value. 














Tue BENEVOLENT FuND oF THE INSTITUTION OF CIVIL 
ENGINEERS.—It is so well known that Messrs. Hallett, Omman- 
ney and Co., were the bankers of the Benevolent Fund of the 
Institution, that it is as well to say that they held none of the 
invested funds, but only the current “income account,” and 
which did not, we believe, exceed 10002. ‘The funded property, 
to the extent of upwards of 20,0002, consists of railway deben- 
ture stocks and other securities of unquestionable character, and 
which are paying good rates of interest. 

Sree: Cannon.—Krupp, ss we understand, is making a cast 
steel cannon of 50 tons weight, to be exhibited at the Paris 
Exhibition. This is about the weight of the American 20-inch 
army guns, the naval guns, of the same calibre, weighing about 





fire-grate is fixed in a chamber in front of the main part of the 
boiler-setting, as shown in Fig. 2. There is nothing peculiar in | 
its arrangements. We may mention here, that in the case of the | 








boiler at Mr. Jordan’s works, although the steam is all blown off | 
from it, and the fire drawn every evening, yet in the morning it | fewer hours without diminution of pay, a general lock-out by al 
is found to contain steam at a pressure of from 30 to 40 Ib., this | the engineers and shipbuilders on the Clyde is about to com- 
steam being generated by the heat radiated from the brickwork. | mence. Messrs. Randolph, Elder and Co.’s men are out. 


454 tons. 
STRIKES AND Lock-outs.—In mempae of the strike of 
some of the Glasgow engineering and shipbuilding workmen, for 
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MONITOR GUNS. 
To tHE Epitor or ENGINEERING. 


A WRITER on “great guns,” in Enerneertne of 
April 20, assumes that the American XX-inch guns are 
intended to “ throw a shot at the full velocity attained 
with the 68-pounder”—about 1600 ft. per second. 
No such scheme is entertained by the American artil- 
lerists, for they understand that it is not great velocity, 
but adequate vis viva which destroys armour plates. 
Accordingly what they have been in search of, and 
found, is a gun which, subjected to the least possible 
strain, will develop the greatest possible amount of 
dynamic force with a given quantity of powder. The 
writer on great guns, in assuming 1600 ft. per second 
as a “standard velocity,” appears to be ignorant of 
the fact that the greatest triumph yet recorded in Eng- 
land, has been achieved by the so-called 600-pounder. 
Now this famous gun with a charge of 701b. of pow- 
der, as was shown during the trial at Shoeburyness, 
November 19, 1863, only reached a mean initial velo- 
city of 1250 ft. per second, with shot averaging 511 Ib. 
weight. With a 600 1b. shot and 70 1b. of powder, a 
charge which has already proved too much for the gun, 
the initial velocity would be reduced to 1153 ft., the 
square root of 600 being to that of 511 as 1250 to 
1153. 

Before showing the superiority of the American 
system of employing large bore, it will be proper to 
ascertain the dynamic force developed by the famous 
“ Big Will,” during the Shoeburyness trial alluded to. 
The recorded rate of 1250 ft. per second being ac- 

uired by a body falling freely through 24,414 ft., and 
the weight of the shot being 511 1b., it will be seen 
that the dynamic force developed was 12,475,554 foot- 
pounds. ‘This divided by the charge, 701b., shows 
that each pound of powder developed 178,222 foot- 
pounds. This result falls much short of what is ac- 
complished in America, yet it is far better than in the 
favourite Somerset gun, with 1600 ft. initial velocity— 
an important fact in proof of the advantage of moderate 
velocities. The writer on great guns, contemplating 
with much satisfaction the high initial velocity of the 
much-admired Somerset piece, points to the 4,000,000 
foot-pounds as a grand result of the velocity attained. 
But if he will divide this formidable-looking force with 
the number of pounds of powder consumed, 25, he 
will find only 160,000 foot-pounds developed for each 
pound of powder, which is 18,222 foot-pounds less 
than developed by the sluggish shot projected from 
Big Will. 

The advantage of moderate initial velocity as regards 
the development of motive force by the explosion of a 
given quantity of powder may be seen by referring to 
Captain Mordecai’s “ Experiments on Gunpowder,” 
page 270. Twelve rounds fired with full charge, and 
an equal number fired with half charge, from a 24- 
pounder, showed that in the former, each pound of 
powder developed 174,753 foot-pounds, and in the 
latter 194,985 foot-pounds, dif. 20,232 in favour of 
the velocity produced by half charge, which was 
1242 ft., the velocity produced by the full charge 
being 1663 ft. per second. It will be seen that this 
difference bears the same relation to the respective 
velocities as in the case of Big Will and the Somerset 
gun. The superior strength of American cannon 
powder of course does not affect the main question. 

The subject of reduced initial velocity with reference 
to the development of motive force having thus been 
disposed of, the effect of increase of bore next claims 
attention. This important question has been very 
satisfactorily settled os Rodman’s experiments with the 
XV-inch gun, which will be found recorded in General 
Barnard’s work on Sea-coast Defence. With 40-lb. 
charges of powder, and shells weighing 334]b., the 
initial velocity proved to be 1328 ft. In view of this 
unexpectedly favourable result, it was well that the 
experiments were made with such light projectiles, as 
the great dynamic effect realised cannot, under such 
circumstances, be attributed to the retardation of the 
projectile affording time for a more thorough ignition 
of the charge, but solely to the unprecedentedly large 
area of shot exposed to its action, and to the great 
space within allowing expansive action, as in the case 
of a large engine cylinder into which a small quantity 
of steam is admitted. 

It has been stated that Mordecai’s experiments 
proved that, with a reduced charge and small initial 
velocity, the 24 1b. shot developed a force of 194,985 
foot-pounds for each pound of powder, being an excess 
of 20,232 foot-pounds for each pound burnt over the 
result produced when fu// charge was employed. The 
result of the 40 lb. charge behind the 3341b. shell 
recorded by General Barnard, it will be seen, exhibits 


a proportionate gain over the excellent performance 
shown by Mordecai. The initial velocity of the 15 in. 
shell, weighing 3341b., being 1338 ft. per second, and 
the height necessary to produce that speed being 
27,556 ft., the vis viva of the shell will be 9,213,680 
foot-pounds. This amount divided by the weight of 
the charge proves a development of 230,342 foot- 

ounds for each ~~ of powder burnt. As the large 

ore, 13.3, of the Armstrong gun, and slow initial 
velocity, 1250 ft., compared with the small bore, 9 in., 
and high initial velocity, 1600 ft., of the Somerset gun, 
show an increase of 18,222 foot-pounds for each pound 
of powder used, the increase of 230,342—194,985 = 
85,357 foot-pounds in favour of the 15 in. bore of Rod- 
man, as compared with the 53 in. bore of Mordecai, was 
to be expected. It would be waste of time to specu- 
late on the cause of this increase, though many good 
reasons might be given. What we have to deal with 
is the fact that large bore and slow velocity have been 
found to develop a greater amount of dynamic force, 
with a given amount of powder, than small bore and 
high veleeiien. With reference to the strength of 
guns of large bore, a comparison between Armstrong’s 
600 pounder, which in England is supposed to be the 
limit of size, and Rodman’s 20in. gun, will show that 
the subject is not understood. A few figures will 
prove that the small safe charge of 1001b. of powder 
in the Rodman 20 in. gun will develop nearly twice as 
much force as the Armstrong gun which recently burst. 
Disregarding the extravagant claims of efficiency which 
have been put forth as resulting from the great bore 
of the 1000 pounder, let us base our estimates on the 
well-established efficiency of the 15 in. gun, viz. 1328 ft. 
initial velocity of a 334]b. shell with 401b. charge. 
The charge of 1001b., analogy shows, would only be 
sufficient for a 20in. shell of 835 lb. weight. Hence, 
the initial velocity of the 1000 lb. shot would not reach 
1328 ft., but would be reduced in the ratio of the 
square roots of 1000 and of 835. 

Accordingly the 100]b. shot will have an initial 
velocity of only 1213 ft. per second, a rate acquired b 
a free fall through 22,990 ft. This multiplied by 1000 
exhibits a dynamic force of 22,990,000 foot-pounds. 
It has been already stated that the Armstrong gun, 
with a projectile of 511]b., developed a force of 
12,475,554 foot-pounds. In order to test the merits 
of the two systems in point of strength and safety, it 
will therefore only be necessary to calculate what mean 
pressure the Armstrong gun would have to sustain to 
impart the same amount of vis viva to the elongated 
shot as that imparted to the 20-inch spherical shot of 
the Rodman gun, as stated. Let us assume that the 
length of the bore of the Armstrong gun admits of 
10 ft. movement of the projectile betore its rear end 
leaves the muzzle, and the same movement for the 
20 in. gun—too little for the latter and too much for 
the former—and hence in its favour. One-tenth of 
22,990,000 being 2,299,000, and the area of the Arm- 
strong gun being 138.5 square inches, we find, by 
dividing 2,290,000 with 138.5, that the Armstrong 
gun will be subjected to a mean pressure of 16,606 lb. 
to the square inch, calling for upwards of 70,000 lb. 
initial pressure, which is utterly impracticable. The 
opponeuts of large bore and slow velocity will do well 
to ponder on these figures, which show conclusively 
that the practical limit to the power of ordnance has 
not, as supposed, been reached by Sir William Arm- 
strong’s 13.3in. gun. It should be borne in mind 
that the breech of General Rodman’s 20in. gun, 
parallel for 30 in., is 64in. in diameter, and that there- 
fore the thickness of the metal at the chamber is 22 in. 
Nor should it be forgotten that the bore of the is 
cored out, and that the casting is gradually cooled from 
within by a peculiar process of passing a current of 
water through the core, by which means the metal 
becomes nearly homogeneous. ‘lhe increased propor- 
tion which the circumference of the bore bears to the 
circumference of the breech, as compared with the 
13.3 Armstrong gun, tending as it does to distribute 
the strain more uniformly through the mass, will not 
escape those who investigate the matter very closely. 
As to the safety of the gun, American naval officers 
will, in actual conflict, be more likely to use charges 
of 120 lb. than to restrict themselves to the 100 |b. 
charge, which has formed the basis of the foregoing 
calculations. 

The precise amount of the dynamic force of the 
1000 Ib. spherical shot of the 20 in. gun with 100 lb. 
charge of powder having been demonstrated, the con- 
sideration of its effect on armour plates will now be 
in order. It is generally supposed that the effect of 
the impact of a shot depends chiefly on its velocity. 
So far from that being true, the destructive effect 
depends chiefly upon the weight of the shot. Those 





only who have carefully investigated the subject have 
taken cognisance of the important fact that a shot 
moving at the “slow” rate of 660 ft. per second 
passes through a distance equal with the thickness of 
an 8 in. armour plate, in the almost inconceivabl 
short time of yo part of a second. And the well- 
informed know that the vis viva of the heaviest shot 
is wholly insufficient to overcome the inertia of any 
considerable portion of a thick armour plate, and to 
put its particles in motion at a rate of 8 in. in the 
yous of a second, from a state of rest. Unless, there- 
fore, the limited part of the plate struck offers, through 
the joint agency of inertia and cohesive force, a re- 
sistance superior to the vis viva of the shot, the plate 
will be perforated or broken. 

The question whether such perforation is possible 
under given circumstances is by no means so intricate 
as supposed ; indeed, the problem is susceptible of ready 
solution. Let us suppose an armour plate 8 in. thick, 
composed of iron possessing a tensile strength of 
50,000 1b. to the square inch, to be struck by a 20 in. 
solid spherical shot—weight 1000 lb.—with a velocity 
of 1213 ft. per second. Before proceeding with the 
calculation, it may be well to observe that range need 
not be considered, since iron-clads will always come to 
close quarters, in the manner inaugurated during the 
first iron-clad conflict at Hampton Roads. In testing 
the strength of armour, therefore, the only safe mode 
is the one practised by us Americans, viz., that of 
placing the plate about 100 ft. from the muzzle. Let 
us now proceed to solve the problem under considera- 
tion. The greatest amount of force needed to destroy 
the supposed plate under any possible circumstances 
will be that corresponding with the tensile strength of 
an iron bar, the cross section of which presents an area 
equal to that of a eylinder 8 in. long multiplied by the 
mean circumference of the area ruptured, which, if 
supposed to be the circumference of a cylinder 20 in. 
in diameter, will be 502.4 square in. ; and whether this 
be the right area or not, it will at least be comparatively 
right in considering perforations in a plate of a given 
thickness. The vis viva of the 20 in. shot having been 
shown to be equal to a force of 22,990,000 lb. acting 
through a space of 12 in., it will. be evident that to 
extinguish that force in a space of 8 in. requires a con- 
stant resistance of 34,485,000 lb., even on the sup- 
position that the iron resists punching equally through 
the whole 8 in., which however it will not do. But the 
tensile strength of a bar of 502.4. square inches cross 
section is only 50,000 x 502.4 = 26,120,000 lb., thus 
leaving a surplus force of 8,365,000 x % = 5,576,000 
foot-pounds. 

It will be instructive to ascertain what the favourite 
swift Somerset 9-in. shot could effect against the sup- 
posed 8-inch armour plate. The greatest possible re- 
sistance which this plate could, under any circum- 
stances, offer would be, as before stated, that repre- 
sented bya bar having across section equal to the area 
of acylinder 8 in. long, and same diameter, with the 
shot 9 in. or 226.16 square inches. This area multiplied 
by the tensile strength, 50,000lb., gives 11,308,000, 
which, multiplied by %, shows that the resisting power 
of the plate y me 7,538,000 foot-pounds to be over- 
come. The writer on great guns has shown that 
25lb. charge and 1600ft. velocity only develops 
4,000,000 foot-pounds in the Somerset gun, thus esta- 
blishing the enormous deficiency of 3,538,000 foot- 
pounds; while the 20 in. Rodman gun has 5,576,000 
foot-pounds ¢o spare in punching a 20 in. hole through, 
or splitting into fragments the 8 in. armour plate. 
Messrs. Brown, of Sheffield, would confer a lasting 
favour on the advocates, as well as on the opponents, 
of the broadside system by sending us some sample 
plates to be put before the muzzles of the Puritan 
guns before mounted in the turret, as did the enter- 
prising Messrs. Petin and Gaudet, of France, in the 
case of the smaller monitor guns some time ago. 

An AMERICAN ENGINEER. 








Tae ImpertaL Gas Company.—The proposed site 
of the new works of the Imperial Gas Company, near 
Victoria-park, is upon land belonging to the North 
London Railway Company. The railway company is, 
we believe, disposed to sell to the gas company, and 
what then would prevent the latter, without any Act of 
Parliament, from erecting any works they chose upon 
their own ground? They might be indicted, like a 
bone-boiler or a tallow-chandler, for causing a nuisance ; 
but with care in the process of manufacture, but little, 
if any, offensive odour need be caused, and the indict- 
ments would probably fall to the ground. We are in- 
clined to believe that the agitation going on will in 
nowise prevent the erection and full occupation of the 





proposed works. 
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BROADSIDES v. MONITORS. 
To tue Eprrox or ENGINEERING. 


Srr,—The controversy which has been going on in 
your touching the comparative powers of attack 
and defence possessed by broadside and monitor vessels 
discusses one of the most important subjects which 
can engage public attention in a maritime country. 

The broadside system has certainly found in you a 
very competent advocate and defender; and I suppose 
that you have said in its behalf all that is possible, and 
also all that is relevant, in depreciation of the monitor 
system. The ability with which this has been done 
must command the admiration of your readers. But 
if our judgments, nevertheless, remain unconvinced, 
the presumption is raised that the cause you advocate 
must be intrinsically a bad one. I, for one, remain to 
this hour unable to see how thin armour can be stronger 
than thick, or how small guns can be more powerful 
than great; and although I make no: pretensions to 
your facility of penmanship or dialectic intrepidity, 

et I believe I shall find sufficient compensation in the 
inherent soundness of the doctrmes I hold, to enable 
me to overturn without difficulty the fabric of argu- 
ment you have so skilfully built up. 

‘I was present at the Institution of Naval Architects 
when Mr. Bourne read his paper, and the issues he 
presented were distinct and simple. He stated that 
the monitor system was essentially a system of concen- 
tration, whereas the broadside system, as commonly 
applied, was a system of diffusion; that in the monitor 
system the weight of the armour was collected on a 
low side and a central turret, and the weight of the 
guns was collected in a few pieces of large calibre, 
whereas on the broadside principle, since the weight of 
armour had to be spread over a high side, the thick- 
ness could not be great, and since the weight of guns 
had to be distributed among a number of pieces, each 
of them was necessarily of small power. As, however, 
a large power, whether of penetration or resistance, 
would necessarily preponderate over a small one, Mr. 
Bourne malutained that in any duel between a monitor 
and a broadside vessel of equal size, the monitor would 
necessarily prevail; and that although he considered 
broadside vessels to be useful and even necessary for 
special objects, yet that, without a protecting flotilla of 
monitors to encounter the monitors which an enterpris- 
ing enemy would be sure to employ against us, our 
broadside fleets would necessarily be either captured 
or driven from the sea in the first naval war. Mr. 
Bourne repudiated the doctrine that broadside vessels 
could not carry heavy guns. He also explained that 
the monitor principle of concentration might be intro- 
duced into the broadside system itself, and had indeed 
been already partially introduced, by collecting the 
guns and armour into a central fort; while the prin- 
ciple of diffusion might be introduced into turret 
vessels, by multiplying the number of the turrets, and 
increasing the height of the sides, But that even if 
the principle of concentration were carried to the 
utmost extent of which it is susceptible in broadside 
vessels, by contracting the central fort to the dimen- 
sions of a square tower, the result would be inferior to 
that already realised in existing monitors, both because 
the square tower would be heavier and weaker than 
the remd, and because a fixed square tower would 
afford less facilities in manceuvring the guns than a 
round tower rotated by steam. Mr. Bourne did not 
say he discerned any limit to the size of ships. On 
the contrary, he maintained the opposite hypothesis. 
But neither was there in his judgment, he said, any 
visible limit to the size of guns and the penetrating 
pawer of projectiles ; and Le warned his hearers against 
the fatal error of supposing that we had already reached, 
even in our 13.3 in. guns, the greatest amount of de- 
structive capability that is possible, or that would pro- 
bably be brought against us in the next naval war. 

The 13.3in. gun, however, fired with 70 lb. of 
powder can, it was shown, already pierce our existing 
ironclads,. But the Americans have 20 in. guns, fired 
with 140 1b. of: powder, and if the powder be the 
measure of the penetrating pover, as it will nearly be, 
and if our ships are already unable to resist the force 
of 701b. of powder, how will they be able to resist 
the force. of 140lb.? Mr. Bourne maintained that 
armour-clad vessels which professed to be shot-proof, 
but which were penetrable even by existing projectiles. 
were worse than vessels with no armour at all; that 
armour, to be serviceable and safe, should not only be 


impenetrable by any existing gun, but should possess: 


such a margin of superfluous strength as to afford 
some security against sudden surprises in the future, 


as we could not with prudence subject ourselves to the, 
risk of finding just as we were entering upon a war, 





that our whole armour fleet was rendered useless by 
the opposition of a gun somewhat more powerful than 
had heretofore been employed, The guns of a ship 
can easily be changed, but you cannot change the 
hull; and from the time of Nelson’s 32-pounders up 
to the present day, the size of naval guns has been 
gradually increasing. Is it reasonable to suppose that 
the progression will cease just at this point, when the 
inducements to employ greater penetrating power are 
stronger than ever they were before ? 

Our ironclad vessels are not built merely for the 
present moment, but for the service of future years ; 
and they can only be rendered effectual against the in- 
creased power of guns which those yearsmay be expected 
to bring, even in the absence of any special stimulus, 
by employing armour of some such thickness as the 
Americans have felt it necessary to introduce. But the 
Americans have only been enabled to apply such thick 
armour by their simultaneous adoption of the monitor 
system, of which it indeed forms a part, and we have 
no visible alternative but to adopt that system also, if, 
like them, we wish to obtain the maximum of security 
at the minimum of expense. 

Such are Mr. Bourne’s propositions, and what is 
your reply? That while Mr. Bourne assumes that 
there is no limit to the size and power of guns, he 
suggests that there must be some limit to the size of 
ships; but that it is a mere trick of argument to set 
out with the assumption of a gun of unlimited size, since 
such a gun and a ship of definite size and cost are in- 
commensurable, and cannot be embraced in a single pro- 
position. That although the Amerieans have guns of 
greater bore than ours, we have not a particle of evidence 
showing what those guns have done. That our ord- 
nance engineers employ stronger materials than the 
Americans, and yet they can hardly make the 13.3 in. 
guns stand; and that although it has been alleged 
that the American 20 in. guns burn 140 lb. of powder, 
we have no authenticated statement of the use of such 
charges or the effect produced by them, and that, even if 
such charges have been used, we do not know that the 
gun would continue to stand them, nor is it credible 
that the 20in. shot could go through the Hercules 
target with armour plates 9 in. thick. 

Even if all these points were established, however, 
you say that no demonstration would in consequence 
be afforded of the superior power of the monitor 
system, since, as there is no limit to the size of ships, 
there can be ‘no reason why only a single turret, with 
its guns, should be carried in a vessel; and if we carry 
many turrets, then it would be found that a central 
fort, capable of enclosing an equal number of guns, 
may be constructed of equal thickness and less weight. 

To all this I answer, that if there is any visible limit 
to the size of guns or the power of projectiles, we 
ought to be told what it is, and by what natural law 
it is imposed. No doubt the existing 13.3in. Arm- 
strong gun, firing a 6001b. shot, comes barely up to 
the limits of safety ; and the Armstrong gun is formed 
of wrought iron, whereas the American 20-in. gun is 
of cast iron, which is a weaker material. But it has 
been already pointed out in your pages by a correspon- 
dent, that whereas the American gun is loaded with a 
weight of shot of only 2$1b. per circular inch of area 
of bore, the Armstrong 600 pounder is. loaded with a 
weight of 3.4 lb. per circular inch of area of bore; and 
if a gun can be made to bear the heavier load, the pre- 
sumption certainly is that it can be made to bear the 
lighter. It is true, there is a limit to the strength of 
all materials of which guns can be composed; and if, 
in order to get more vis viva in the shot, it was in- 
dispensable to increase the pressure of the powder-gas 
per square inch in an equal ratio, I should then be 
able to discern that limit to the size of guns which 
your arguments assume. But seeing that in a gun, as 
im an engine, we can, with any given internal pressure 
per square inch, increase the amount of power gene- 
rated in each stroke or discharge, by increasing the 
capacity of the bore, the assumption that there isa 
visible limit to the power of guns is altogether un- 
tenable, and, as Mr. ae pointed out in his paper, 
there are resources for increasing the force of pro- 
jectiles without putting any increased strain upon the 
gun at all, which reserves are as yet wholly untouched. 
One of these consists in the introduction of rocket com- 
position into the projectile itself, which would develop 
power during the flight, and the efflux of the rocket- 
gas might be so regulated that at short ranges the 
projectile would have much more vis viva at the mo- 
ment of impact than at the moment at which it left the 


a ° . . . 
With re to the objection that, taking as the 
standard of comparison an 8 in. shot, which, with a 


with backing, and bearing in mind that the resisting 
power of a plate increases as the circumference cut, 
and as the square of the thickness, a spherical shot 
from a 20 in. gun burning 140 1b. of powder could not 
pass through the 9 in. plates and backing of the Her- 
cules. I perfectly acquiesce in the accuracy of that 
conclusion ; but the whole of the plates of the Hercules 
are not 9in. thick. On the contrary, the bulk of them 
are only 5, 6, and Sin. thick, which thicknesses the 
20 in. gun could penetrate; and although a charge of 
140 lb. of powder would not propel a 20in. shot 
through a 9 in. plate with backing, it would very nearly 
do so, and a very slight increase of the charge would 
enable it to do so altogether. 

As the resistance to penetration increases as the 
square of the thickness, it would require four times 16 
or 641b. of powder to send a spherical ball of 8 in. 
diameter through a Qin. plate; and as the circum- 
ference cut by a 20 in. ball would be 2} times greater 
than with an S$ in. ball, the resistance would be in- 
creased 2} times on that account, or, in other words, 
it would require 24 times 64 or 1601b. of powder to 
send a 20 in. spherical ball through the thickest part 
of the intended Hercules, while the 20 in. American 
gun only burns 140 lb. 

The margin of extra strength, therefore, possessed 
by the strongest armour—not that we have got, for the 
Hercules is not built yet—but that we propose to 
acquire is, according to your own showing, measurable 
by 20 lb. of powder. In other words, the whole of our 
existing ironclads are confessedly penetrable by round 
shot from the American gun, while the thick armour 
of the American monitors, in some cases 18 in. of iron, 
backed by several feet of oak, would resist all the shot 
which our puny ordnance could bring to bear against 
it. This is substantially the same conclusion at which 
Mr. Bourne had previously arrived, and your compu- 
tations, therefore, when rightly interpreted, corroborate 
the very doctrine which you continue so persistently 
to reject. 

Here I might fairly pause; but I fear I must take 
from you even the solitary consolation of believing 
that the 9 in. armour of the unbuilt Hercules would 
be able to resist the 20 in. American gun when sup- 
plied by suitable projectiles. You have heard of 
Stafford’s sub-calibre shot, and Mr. Bourne in his 
paper pointed out the practicability of constructing 
piston shot of which the punching area of the head 
would be less than the area pressed by the gunpowder 
gas, or the area of the bore. ‘To insure thie penetra- 
tion of such a projectile it would only be necessary 
suitably to dimimsh the diameter of its punching 
head, with this qualification, however, that the diameter 
of the punch must be at least equal to the thickness 
of the plate, else the punch will crumple up. With 
such a projectile it is quite clear the thickest armour 
of the intended Hercules, and even thicker than that, 
could be pierced by the existing 20 in. gun, burning 
the existing charge. 

I will not dwell on the imperfect information you 
say we possess of the performance of the Americanguns, 
as it tells just as boat on-one side as on the other of the 
ary uestion ; for, if want of information should 

ead to diffidence in asserting, it should lead to equal 
diffidence in denying. But that the Americans them- 
selves believe in the great penetrating power of their 
guns is plain from the great thickness of armour they 
habitually employ. Nor is it necessary that I should 
go into the argument that a monitor with many tur- 
rets would necessarily have as heavy or as thin armour 
as a broadside or central fort vessel mounting the 
same number of guns, since in fact this is the very 
thing which Mr. Bourne himself stated in the paper 
to which you have undertaken to reply. I cannot say 
that I very clearly understand what you mean by saying 
that a gun of unlimited size and a ship of definite 
size and cost are incommensurable, and cannot be 
embraced by a single proposition. Nor do I know to 
what argument or assertion such an allegation is con- 
sidered to be relevent. Mr. Bourne stated that if you 
built two vessels of the same size, one of them on the 
broadside system of diffusion and the other on the 
monitor system of concentration, the monitor vessel 
would necessarily prevail in any contest between the 
two. This result, he said, would equally ensue whether 
the vessels were large or small, provided only that their 
size were the same. Mr. Bourne certainly did not in 
his paper either assign or suggest any limit to the 
practicable size of broadside ships; but it is quite 
notorious that the most prominent advocates of the 
broadside system have themselves suggested such 
limits, since the Bellerophon, the Pallas, and all the 
other vessels recently built for the navy, have been 
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because it was asserted that those previous vessels had 
been found too long to enable their guns to be 
properly manceuvred. While therefore I agree with 
you in thinking that there is no physical limit to the 
size of ships, and no limit to their warrantable. cost, if 
valid reasons for unusual size and cost can be given, 
I am entitled to ask in what direction you think the 
dimensions of broadside vessels can be increased with 
advantage, seeing that Mr. Reed and other leading 
advocates of that system maintain that they have been 
made too long already. I do not suppose that, in the 
face of our experience with the Pallas, anybody would 
propose to make such vessels broader without simul- 
taneously increasing their length; and if they cannot 
with propriety be made either longer or broader, 
what becomes of that indefinite augmentation of size 
which you contemplate as the alternative of the 
adoption of the monitor system ? 

I recently pointed out the material fact that the 
effect of making the Pallas as short and broad as she 
is has been to render twice the engine power necessary 
to attain the same speed, and yet this great waste of 
power is justified by the most prominent sticklers for 
broadside armaments as finding compensation in the 
diminished unhandiness of short ships. In what 
direction, then, I again ask, do you propose to increase 
the size of broadside ships? In what direction can 
you increase their size without encountering evils, the 
gravity of which has at, least-been officially accredited 
and proclaimed ? Is it an unreasonable requisition 
that the main apostles of the broadside system, before 
attempting to make proselytes among others, should 
come to some sort of agreement among themselves as 
to the primary articles of their faith, so that we may 
be spared the spectacle of one teacher endeavourin 
to enlist our confidence in the system on the groun 
that broadside vessels may be made very short, and 
another on the grotind that they may be made of un- 
limited dimensions ! 

T am, Sir, 
A MemBet oF THE INSTITUTION OF 

May 14, 1866. Civia ExctineErs. 


P.S. On reading over the foregoing, I find I have 
omitted to notice one argument of your article, which 
I may distinguish as the “ turtle argument,” and upon 
which I would here wish to expend a few words. 


You say that any of our larger and swifter ironclads 
could keep out of the way of the monitors, or, what is 
more likely, “‘ overhaul them ona chase ;” and that you 
believe “there are ships in our navy, and captains in 
“those ships, to run full on and over the monitors, 
“ breaking their backs as if they were turtles, and sink- 
“ing them with all on board.” Unfortunately for the 
terrors of this theoretical catastrophe, the attempt to 
run at and over a monitor has been already made 
and has completely failed; nor is there the smallest 
reason to believe that renewed atrempts in that direc- 
tion would be more successful. e all know that 
the Merrimac assailed the original monitor with her 
prow ; but instead of breaking the back of the moni- 
tor, as you so confidently assert could be done, she 
damaged herself so severely that she was disabled. 
No doubt the Merrimac was not so strong and heavy 
a vessel as some of those which we could bring into 
action. But neither was the monitor she assailed as 
strong and powerful as those which have since been 
constructed ; and if there are ships in our navy which 
could run over such monitors as the Puritan and 
Dictator, I am entitled to ask you what ships those 
are? You are aware that these monitors carry a solid 
armour-belt. or fender, 4 ft. thick and 6/t. deep, all 
round them. If you select. a vessel to run against such 
a mass of wood and iron, I do not suppose you would 
select a vessel like the Warrior, which is without 
armour at the ends, and the thin bow of which would 
crumple up in such a concussion. And if you select 
rain vessels, the bows of which have been. purposely 
made strong to withstand collision, you will find, on 
constructing a diagram showing the’ ram’bow of such 
a vessel as the Bellerophon in contact with the side of 
amonitor, that as the upper part of the ram would 
first engage the lower edge of the armour-belt, the 
first effect of the impact would not be to depress the 
monitor and run over her, but rather to raise her some- 
what in the water. Then, as the armour-belt is 
stronger than the ram bow, and as the weaker body is 
that which would give way, the next effect of the 
impact would be to stave in the ram bow, whereby the 
vessel would be rendered leaky—a result. which, in 
the Merrimac, actually took place. 

So much for jumping to conclusions in so weighty 
an affair. I have not much confidence in rams atall as 
an instrument of offence in war, as it is only in rare 


seeing that by slewing a little, or by going on, in the 
direction of the assailant, the blow could be glanced 
off, or the force of the impact be reduced to that due to 
the difference of the ried. But if rams are to. be used 
it must be remembered that monitors are.rams also, and 
more powerful rams than any others, since the ram is 
solid and completely encircles the ship, the ram being in 
fact a prolongation of the armour-belt at each end. 
Nor do I consider it necessary to suppose that in “e 
such contest as you suggest the broadside vessel sh 
be faster than the monitor. 

There is certainly no impediment to the adoption 
of such lengths in the construction of monitors, and 
the introduction of such sharpness, as are necessary for 
the attainment of the highest rates of speed with a 
moderate power.. Whereas the broadside system, as 
now carried out in the navy, recognizes such an: im- 
pediment, and the bluntness of our most recent men- 
of-war is consequently such as to make the attainment 
of high speeds difficult, and. possible only at a great 
extra expense of power. 








THE SLIDING RULE. 

Ir is curious that, of the great number of engineers 
who own and carry a sliding rule, but comparatively a 
small proportion are thoroughly acquainted with the 
manner of using it for the purposes of calculation. It 
is probable that this knowledge is even more rare than 
it was some years ago, and this-is no: doubt due to 
some extent to the number of engineers” pocket-books 
now published, which by the tables they contain make 
the ascertaining of the area or circumference of a given 
circle, or the square or square root of a given number, 
a mere matter of reference instead of a matter of cal- 
culation, and thus fulfil the ends which a sliding rule 
is especially intended to serve. In some respects, also, 
these tables possess advantages over a sliding rule, the 

rincipal being that they give results with a far ter 
higtes of accuracy than could be obtained by the use 
of a sliding rule of the ordinary size. Notwithstand- 
ing this, however, there are very many occasions on 
which the sliding rule can be advantageously used for 
making calculations when minute accuracy is not re- 
quired. 

The principle upon which the sliding rule ‘is con- 
structed is a very simple one, the scales forming really 
tables of logarithms, in which the itude of the 
logarithms is expressed by spaces instead of by figures. 
As most of our readers are aware, by adding together 
the logarithms of a pair of given numbers, we obtain 
the logarithm of their product ; and, on the other hand, 
by subtracting the logarithm of. the one from the 
logarithm of the other, we get the logarithm of the 
quotient arising from the division of the first by the 
second number. For instance, the logarithm of 12 is 
1.079, whilst that of 6 is 0.778, and, adding these to- 
gether, we get 1.857, which is the logarithm of 72, the 
product of 12 and 6. If we subtract 0.778 from 1.079, 
we get .301, the logarithm of 2, the quotient of 12 
divided by 6. Now, as we have already mentioned, in 
the case of the sliding rule the logarithms of various 
numbers are represented by proportionate spaces. 
Thus, suppose the scale to be 2000 units in length, 
and suppose its total length be taken to represent 2, or 
the logarithm of 100, than half its length, or 1000 
units, would represent 1, or the logarithm of 10, and 
the logcrithms of the numbers 2, 3, 4, 5, &c., would 
be represented by 301, 477, 602, 698, &c., units re- 
spectively, the corresponding number being marked 
opposite each of the divisions representing its logarithm. 
It is evident that such a scale can be used in the same 
mamner as a table of logarithms. For instance, if we 
take off with a pair of dividers the 477 units corre- 
sponding to figure 3, and then place one point of the 
dividers at the point marked 4 (or 602 units from the 
commencement of the scale), the other point. will reach 
along the scale to 6024-477, or 1079 units from its 
beginning, and this‘ 1079 will correspond to 1.079, the 
logarithm of 12, which is the product of 3 and 4. 

In the sliding rule, the dividers which we. have 
above supposed to be used are ee wre a slide, 
one edge of this slide and the part of the rule against 
which it works being’ each divided into a logarithmic 
scale of the nature we have described. It will thus 
be seen that by placing the zero of the slide opposite 
any number on the rule we shall find on the rule oppo- 
site each number on the slide a number which is the 
product of the corresponding number on the ‘slide, and 


‘the number to which the zero of the. slide is set; 
the rule thus is, in this ease, converted into. a multipli- | 


cation-table. Division can, of course, be. performed 
by asimple reversal of the above process, the divisor 





Cases that a vessel would stand still to be butted at, 


on the slide being set opposite the number to be 
divided on the rule, when the zero on the slide will 


point to the quotient. In the ordinary sliding rule 
the scales to which we have been alluding have the 
divisions numbered 1 to.10 from the commencement 
of the seales to their centres, and then again 1 to 10 
from their centres to their. ends. If the first set of 
divisions be taken to represent units, the second will 
stand for tens; or if the first denote tens, the second 
set .will be hundreds,, and-so on. We have hitherto 
spoken only of one edge of the slide and of the rule 

inst which. it works; the other edge of the slide is 
similarly divided, but the corresponding scale on the 
rule is divided out in the proportions of the logarithms 
of the sguares. of numbers instead of in. the propor- 
tion of the logarithms of the numbers themselves. 
These scales are used for calculating cubic contents or 
square roots. 

We have been partly led to the above remarks by a 
small book* on the use of the sliding rule, by Mr. Charles 
Hoare, which has lately come under our notice, and in 
which those-who wish to employ the slide rule for the 

nuposes Of calculation will find the manner in which 
itis to be used very clearly and fully set forth. In 
addition to explaining the performance of the ordinary 
arithmetical operations by the sliding rule, Mr. Hoare 
shows how it can be employed for obtaining the areas 
of surfaces and the contents of solids of various shapes, 
for the computation of interest, for the conversion of 
English and foreign moneys, and weights and measures, 
i also for many caleulations relating to the different 
mechanical powers; and his book contains a number 
of tables, by using which the employment of the sliding 
rule is greatly facilitated. Each rule is given in the 
form ofa species of. diagram, which at once explains 
very clearly the operation to be performed. There. are 
very many in our profession who will find the book 
extremely useful. 


BRICKMAKING. 

' AurnoucH machinery has been introduced for 
pugging clay, and, in many cases, for moulding bricks, 
their manufacture has been by no means fully redeemed 
from the rude system of hand labour which prevailed 
in the days of. the earlier Persians and. Egyptians. 
Indeed, a very large proportion of the whole number 
of bricks now produced in England are still made by 
land, and wretched things they are. There are hardly 
any materials gy te mm construction so variable in 
quality as bricks. very one must have seen, samples 
of bricks which will not bear handling. There are 
many which, measuring 9 in. by 4in. by 24 in., will not 
bear a total’ compressive strain of 34 tons: without 
cracking, nor as much as 5 tons without completely 
crushing. On the. other hand, several samples of 
machine-made bricks were lately tested by Mr. 
Kirkaldy, of the Grove, Southwark, for Messrs. H. 
Clayton and Co., to pressures of from 35 to 803 tons. 
The highest, strain was borne by a brick. made from 
Torquay clay—a firm compact variety, with almost the 
colour and hardness of red chalk. Of the bricks em- 
ployed in Messrs. Waring’s Midland Railway contract, 
two bore’ respectively 50,950 Ib. and 48,130 1b. berore 
cracking at any part, and 70,250 Ib. and 72,850 lb. 
before being generally cracked. They were only com- 
pletely crushed under pressures respectively of 92,5201b. 
and 107,820 lb. The size of these bricks was, roughly, 
8$in. by 4in. by 22in. Another and larger brick, 
made for the Thames Embankment, and measuring 
9d in. by 44in. by 3in., bore 75,000 lb. before crack- 
ing, 97,210 lb. before being generally cracked, and 
122,140 lb. before being completely crushed. For large 
and important works only machine-made bricks are 
now generally permitted by engineers, and it would 
tend greatly to the durability of all buildings of brick 
if this choice were universally made. 

At present the moulded bricks are dried by a tedious 
and often insufficient exposure to the open air—an ex- 
posure extending over perhaps ten days or a fortnight, 
and which fora considerable portion of the year is 
altogether prevented by the weather. Some two or 
three years ago Mr. Clayton patented a close drying- 
house, into which hot dry air was to’be driven by fans, 
and from which the vapour and air were to be also 
withdrawn by fans, the draught being directly down 
through the hacks. . We believe this system will soon 








be introduced, practically, at the works of the exten- 
‘sion of Chatham Dockyard. It promises to effect the 
‘complete drying of bricks, ready for burning, in twenty- 


four hours, wholly irrespective of weather; and as the 
moulded bricks will be laid ‘on, and. the dried bricks 
will be taken off; continuously, the whole manufacture 
will go on without interruption. 

* “Step by Step; or, New and Easy Lessons on the Slidin 
Rule, written expressly for the Use of Practical Mechanics, an 
adapted to many Trades, Professions, and Educational Pur- 








poses.” By Cuarues HoArs. London: Clayton and Co, 
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SOCIETY OF ENGINEERS. 
7th May, 1866. 
Zerah Colburn, Esq., President, in the Chair. 
‘* On Incrustation in Marine Boilers,” by Mr. P. Jensen. 
(Concluded from page 335.) 

Mr. B. G. Banrncron, 1850, No. 18,322. Heconnects some 
more oxidable substance than the boiler-plates to the same in this 
way: He solders to the sides of the boilers in the,yater space 
sheets of zinc by one edge, leaving the other edge free, and the 
two sides just immersed. This zinc corrodes, and by se voltaic 
action between the iron, the sea-water, and the zinc, he thinks 
he prevents the incrustation. 

Mr. J. Ashworth, 1851, No. 13,647. To 33 gallons of coaj- 
tar he adds 21 gallons of linseed-water (prepared by boiling in 
water 14 1b. of linseed and straining seed away), and 5 Jb. of 
plumbago, or common black-lead, pulverised, and 8 lb. of Castile 
soap. He uses 1 gallon of this per 30 horse power twice a week. 
He finds this prevents incrustation, so that scale only forms in 
thin, brittle, and porous quantities, easily swept away. 

Mr. A. V. Newton, 1852, No. 14,062. He uses a compound 
called Sibbald’s Metalline Compound, composed of tallow, or suet, 
1 1b., graphite, or black-lead, 11b., charcoal, fine dust, 4 of a 
pound. He first melts the fat, and then mixes. He then adds 
a gill of oil or gas-tar. When using, he warms it first, and 
then paints the whole inside of boiler, which must also be slightly 
warmed, Applied to a foul boiler, the incrustation becomes 
softened, and can be swept off. He says it prevents the forma- 
tion of new scale, and helps even to the evaporating efficiency. 
It should be applied once a fortnight. 

Mr. F. Dam, 1852, No. 14,262. He proposes to use hydrate 
of potash, or sod, which he dissolves in water, forming a satu- 
rated solution. He introduces it by a pipe having two cocks 
(like a grease-cock on a cylinder), or by means of a pump. Or 
he applies it to water before going in to the boiler. To ascertain 
the proper amount, he takes a measured quantity and adds some 
drops of solution as long as it makes it milky or cloudy. The water 
is then filtered, and some more solution put in; and if no more 
precipitation takes place, the former quantity is the right one. 

Mr. W. Danber, 1852, No. 589. This inventor passes all 
feed-water threugh a filter. The latter consists of powdered 
charcoal between surfaces of haircloth, by preference; first he 

recipitates the lime by caustic baryta, or soluble salts of baryta, 
including sulphuret of berium or else oxalate of ammonia. The 
filtering apparatus is an iron tank with perforated frames, in one 
inside the other, the spaces are filled with powdered charcoal, 
For marine or condensing engines he connects the hot well and 
the filter by means of a pipe for supply of water, and by a small 
pump he supplies the requisite quantity of solution of baryta to 
the water as it passes from the hot-well. The feed-pumps 
draw the filtered water off, and pump it into the boiler. To 
say nothing else against this plan, the filter would have to be of 
enormous dimensions. 

Mr. A. V. Newton, 1852, No. 1041. He patentsa self-acting 
apparatus for blowing off, regulated by the density of the sea- 
water itself. A hydrometer floating in the boiler-water com- 
bined with, and to govern, the motions of an independent me- 
chanism, actuated by a motive force to operate on the valves 
which govern discharge of liquid when its density or gravity be- 
comes too great, or vice versd, or the supply of fresh liquid, or 
vice versa. The hydrometer, by a rather complicated arrange- 
ment, acts as a float, the rise and fall of which regulates the 
opening of the blow-off cock. How this apparatus would fare in 
a gule of wind, with the vessel pitching and rolling, does not 
seem to have entered the inventor's mind. 

Messrs. B. Dangerfield and B. Dangerfield, Jun., 1853, No. 
2596. They employ a concave or cuplike vessel in the interior 
of the boiler at water-line. Scam collects in this vessel, and is 
taken off by a pipe at the bottom of same, and thence blown off. 
This is a very old and well-known plan. 

Mr. R. Hoyle, 1854, No. 2078. He places a perforated vessel, 
containing bark or other suitable matter, in a cistern partly 
filled with water, and heated by the waste steam or otherwise. 
The solution of bark or other matter thus formed is forced into 
the boiler. 

Mr. G. T. Bousfield, 1854, No. 2442. The water, before enter- 
ing the boiler, is subjected to heat by waste steam in a long vessel 
with mudholes. The water flows out at one end into a perforated 
cylinder filled with sawdust, birch twigs, or thorn of broom 
mixed with wheat bran. Also a lower cylinder of wire cloth or 
perforated plate containing horse-dung. These cylinder or 
sieves are within a jacket, into which the steam flows, and 
from thence into the atmosphere. The water thus heated and 
filtered flows into a supply vessel with a float to cut off supply 
of feed-water to the apparatus, and with cocks and valves in 
such a manner that when the further incoming of the water is 
stopped in respect to supply-vessel, and steam admitted from 
boiler into supply-vessel, to equalise the pressure the water will 
flow into the boiler. 

Mr. J. H. Johnson, 1854, No. 2466. Introduction of raw or 
tanned scraps of hide into the steam generator. For convenience 
sake, a lot is boiled together into a soft mass, and put into the 
boiler in the shape of a ball, or else scraps of leather inclosed in 
a bag. It is preferred to use it as a powder. 

Mr. J. A. Manning, 1855, No. 882, introduces air-pipes 
to ng og currents, and thus prevents incrustation. 

ir. E. Topham, 1855, No. 1830, applies inside, near the 
bottom apparatus for agitating aid drawing off occasionally, a 
shallow scraper, with one or mere rods attached for working 
from outside. At back of boiler, at bottom, is an opening with 
a long blow-off pipe perforated at bottom. By moving the scraper 
to and fro the sediment is loosened and blown out. The holes 
in pipe collectively must be less than the area through cock: this 
is mainly important, For sediment too light to be precipitated, 
he has fans that throw the scum into gutters near surface and 
alongside of boiler, in which lies the perforated pipe. 

Mr. C. Walker, 1856, No. 340, uses a scum-collector. A pipe 
with slots or holes on each side above centre-line is supported at 
each end with its axis at the water level. It has a lever with a 
float at the end, so that as ebullition goes on the collector oscillates 
and thus exposes a number of holes for blow off. The bottom 





of the tube has no holes, and from that scum is taken off by a 


ipe dipping into it. 
i. Br Lindsay, 1856, No. 879, applies highly heated steam 
or air to cause the incrustation to crack, the boiler being cold at 
the commencement of the process. This method has been tried 
with great success in the royal navy and seems to offer great 
advantages wherever it can be applied. : 

A. C., L. C., and J. L. Casartelli, 1856, No. 2623. A salino- 
meter consisting of two tubes, the ends of which are supported 
in two cocks; one cock is marked ‘‘ blow,” and the opposite one 
“limit”; each tube contains a bead or float adjusted to certain 
gravities, that in tube “ blow” being lightest. When density of 
water reaches gravity of float in tube “ blow,” the same will rise in 
tube and indicate that more feed should be admitted, but the 
flout in tube “ limit” will not rise till its density exceeds that of the 
other to a certain extent. When float in tube “ limit” rises, water 
should be fed in to prevent too great density. This instrument 
may also be used as a water-gauge. The above plan is not un- 
like Seaward’s sali ter, patented many years ago, 

Mr. H. Hobbs and E. Easton, 1857, No. 1316. Solution or 
aste, composed of arsenic and soda, or other alkali: when as a 
iquid, it is to be pumped in, and when as a paste, laid on with a 

brush. o 

Mr. Paul Ingiversen, 1857, No. 1415. Burgundy pitch, alone 
or mixed with } charcoal or pure soot, to be applied in boiler 
whilst heated. 

Mr. W. E. Newton, 1857, No. 1949. The black gum catechu 
is employed. To 100 HP. boiler add about 4 1b., and allow to 
remain till water becomes of the colour of pale brandy; small 
pieces are added daily to keep it at that colour. No incrustation 
will then ensue. ‘This, he says, does not choke up. 

M. Guillaume Defis, 1857, No. 1976. For a boiler of 200 
HP., suitable for a month: 1 - 

b . 


60 | Tannin ... ove oe 60 
Potass ° 40 | Tallow... eee oe 20 
Plumbago ere + 20 | Flour of sulphur wo 
Ashes of vine branches... 60 | In addition to these, vola- 

» Pine wood . 20 tile ammonia may be 

* walnut ,, oo = added to remove incrus- 
Soot oe eve oe 10 tations. 
Linseed cakes... ooo 20 
The above are mixed with the seawater in a paste, 

Mr. J. Hall, 1857, No. 2015. Sediment-collector. <A series 
of plates, one inside the other, in which are formed apertures or 
spaces for the passage of the water and sediment into interior of 
vessel; the apertures are so arranged that the aperture of one 
plate may alternate with an obstructing piece of metal in the 
next plate, and thus overcome the agitation of water passing 
from the boiler before it reaches the interior of the vessel. 

Mr. J. Sheddon and J. Marsland, 1857, No. 2385. Washing 
rock soda, or carbonate of soda, or soda ash, or bicarbonate of 
soda, or compositions of any or either of them, either as a powder 
or liquid. 

Messrs. A. and J. Martin, 1857, No. 2945. Crystallized car- 
bonate of soda, wood ashes, and plumbago mixed and placed in 
a separate vessel in connexion with the boiler. For a_ boiler 
already incrustated, they propose to add besides hydrochlorate 
of ammonia, 

Mr. E. Coulon, 1858, No. 607. Plumbate and plumbites of 
potash and soda, and the insoluble salts of lead and chloride of 
zinc, added toa feed-tank or to the boiler itself. He prefers to 
add a quantity of sand, clay, red ochre, and muriatic acid. 

M. H. A. de Saegher, 1858, No. 888. Dried pitch melted 
with stearine, or common grease, by application of heat ; then add 
wood ashes and ground charcoal, and mix them well by stirring; 
then cool it and make it up into balls ready for use. 

Mr. J. Braidwood, 1858, No. 915. A vessel connected near 
the water level and the bottom of the boiler, the bottom of the 
vessel being lower than the bottom of the boiler. A current is 
produced, and the,water absorbs matter in vessel and precipi- 
—— and is drawn off by a cock from the very bottom of the 
vessel, 

T. Holt and J. Brown, 1859, No. 1042. This patentee uses a 
feedwater heater, which he ulso uses as a receptacle of mixture. 
For purifying the water, he uses spent tanners’ bark, bark knots, 
& 





Crystallized salt of soda 





&e. 

M. C. F. Vasserot. Extract of chesnut, or any other sub- 
stance containing gallic and tannic acids. 

Brooman, 1859, No. 1824. Leather, or waste leather. 

J. and R. Blinkhorn, 1859, No. 1833. Animal fat or grease, 
fullers’ earth, soda mixed with neatsfoot or colza oil, night-soil, 
and Nixey’s washing-powder; 1 1b. per 12 hours for an 8 horse 
power boiler. 

L. Lorbas, 1859, No. 2884. Any tannate of gelatine, as 
well as leather. 

M. L. M. Boulard, 1860, No. 938. A case or bag of perforated 
sheet of metal, or wire gauze, or non-metallic gauze, correspond- 
ing to the inside shape of the boiler in which it is enclosed, 
forming a lining, kept at a slight distance from the side by 
means of brackets. The meshes are finer at the bottom than at 
the top. The lining may be made in sections. It has been 
ascertained that this prevents incrustations, and loosens those 
already formed. 

Messrs. W. Allen and W. Allen, 1860, No. 1696. Ammoniacal 
liquid obtained from coal or gas tar. For a new boiler, he paints 
it inside with several suits of gas tar. 

Mr. C. J. Duméry, 1860, No. 2988. Sediment-collector, con- 
sisting of a horizontal tube, the length of the boiler, or nearly so, 
with one end communicating with the boiler by a vertical tube 
entering at or near water level, the other end communicating 
with bottom of boiler, near the fire-place, by a horizontal pipe. 
Precipitation by simple gravitation. He says salt does not 
erystallise till the water is saturated with it, while the sulphate 
of lime crystallises at 334° Fahr.; it is hence easy to separate 
sulphate of lime first by passing it through a worm heated to 
150°, or you may have an apparatus for separating carbonate 
magnesial salts, a second for sulphate of lime, and the others 
for the vaporisation and extraction of the salt. 

Mr. R. Armstrong, 1861, No. 1472. His patent consists of a 
boiler with a vertical circular firebox, with oval cross tubes 
whose longest axes are horizontal in the centre and vertical at 
the end. He also has a plan for a feed-water heater, consisting 





of a cast-iron cistern, serving as foundation for boiler to stand 
on, and the heat radiating from the furnace heats the feed-water. 
This case is divided into two unequal parts by a partition, a 
cross reaching to within } in. of cover or lid, which is to have a 
thick projecting convexity to dip at least 1 in. below surface of 
water when the larger part is fully charged with feed-water. 
The water, expanding at the surface, gradually passes over to top 
of partition to smaller part; the sediment settles in the larger 
part. He lines or lags inside of shell with wooden Staves, to 
prevent incrustation. 

Mr. P. Taylor, 1861, No. 2171. He uses pipes with long slots 
at the surface of boiler, or at the bottom, or both, extending the 
whole or greater part of the length, communicating with a dis- 
charge valve, that can be — quickly by studs working in a 
spiral slot, causing a rush, which he thinks will prevent sediment. 

r. E. H. Hughes: 25 parts by weight of alum, 25 parts of 
salts of soda at 32°, 2 parts of red ochre, 3} parts of sulphuric 
acid, 15 parts of brown fecula of potatoes, and 35 parts of dis- 
tilled water; these are mixed and boiled in a certain way. 

Mr. A. V. Newton, 1861, No. 2961. Tobacco as a decoction, 
or else in a bag. 

Mr. R. Needham, 1861, No. 3235. A longitudinal pipe at the 
bottom of boiler, connected to a cock or valve outside. ‘The pipe 
has at the bottom an aperture for entrance of mud and sediment, 
and at top a number of vertical pipes, each with ventilator-sha 
funnel at top, at water line, with mouth turning towards front of 
boiler, the flow of water being from the front to the back. 

Mr. Grimaldi, 1861, .No. 3207. A rotary boiler, which at one 
time caused a very great sensation. 

Mr. J. H. Johnson, 1862, No. 196. A fluid composed of 8 
parts by weight of potash of commerce, or carbanate of potash, 
and from 2 to 8 parts of molasses, added to 100 parts of snails’ 
or slugs’ liquor. Also apparatus for injecting the same. He 
has the feed distributed so that no very unequal temperature 
exists anywhere. 

Mr. J. Webster, 1862, No. 1903. Depositing earth and saline 
matter by electricity on another surface than the heating surface. 
He introduces a sheet of copper and a sheet of zinc, and insulates 
them, as far as metallic contact goes, from the plates of the boiler. 
It will then be found that all earthy and saline matter will be 
deposited on the said copper plates. In tubular boilers he uses 
tubes of copper and zinc in contact, which can be readily re- 
moved. 

A. Delme, 1862, No. 2257. A composition made entirely of 
bark of oak and pine, leaves of ammac tree ground; and asa 

wder, a decoction of this condensed, in density of about 10° 

eaumé, and to it added a quantity of cream of tartar and 
spirit of turpentine. Three pints are enough for every 1000 
pints in boiler for about ten days. 

Mr. J. Willson, 1862, No. 2583. Ground malt and woody fibres ; 
a larger proportion for marine boilers. 

Mr. J. H. Johnson, 1863, No. 2808. Snail or slug liquor, 100 
parts by weight; carbonate of potash, 8 parts; molasses or 
treacle, 2 parts; leaves of aloe, 5 parts; animal marrow, 2 parts; 
extract of tan at 12° Beaumé, 1 part; boiled together for 2 
hours, and then strained off, when liquor will be ready. 

Mr. G. Spencer, 1863, No. 896. On some convenient part of 
boiler in connexion with the steam space, a close vessel furnished 
with a lot of diaphragms or dishes placed one over the other ; 
through the centre or sides of each vessel he brings the feed-water 
pipe, so that it discharges into the top dish, from which it flows 
down from one to another through holes or spaces, with raised 
edges not quite so deep as raised edges round edge of dish. ‘The 
whole interior is in contact with steam from boiler. In addition, 
he coats the inside of the vessels and dishes and the inside of the 
boiler with a suitable substance, such as Green’s oxide paint, to 
prevent adhesion of deposited salts to the metal. 

Messrs. W. L. Winans and J. Winans, 1863, No. 1582. In 
vertical tubular boilers of a peculiar construction is left a space 
in the midst of the tubes large enough for a man to go down and 
clean the tubes and the tubeplates. By having a solid body of 
water in this place, they also think the tubes will keep clean. 

Mr. J. Burrell, 1864, No. 698. A salinometer, consisting of a 
covered tank divided into two unequal compartments, both con- 
nected to water in the boiler. The small one contains distilled 
water, and the large one brine, continually supplied from boiler 
by constant circulation. In each is a float, and each float con- 
nected to one end of a double-armed lever. The floats are 
weighted, so that the float in the distilled water rises, if water 
gets too dense, and‘vice versé. The rocking weigh-shaft of 
lever has another lever, which actuates the scum blow-off cock; 
when the float in the distilled water rises the cock opens. There 
is also another float, which actuates the feed-cocks. If a column 
of seawater and a column of distilled water are placed side by 
side, the distilled water will rise 2; higher than the level of the 
brine. When the density of the brine increases, the float will 
rise in distilled water and open the scum-cock. There is a plate 
of glass in front of each to observe the state of the water. 

Ir. A. V. Newton, communication from G. T. Parry, Phila- 
delphia. To destroy or prevent incrustation he uses an electrical 
arrangement tending to neutralise the action which induces this 
deposit, it having been found by experiment that positive elec- 
tricity expels or throws off, while negative collects small parti- 
cles ; hence when, by ebullition or otherwise, positive electricity 
is liberated or collects in boiler, its action is to throw down 

icles in the form of crystals or scales. He says he has tried 
it often, and has found it to answer. 

After this brief notice of the more prominent patents, it is 
intended, in conclusion, to mention some of the well-known con- 
structions of salinometers ; for if it be true, as it seems to be the 
prevailing opinion among marine engineers, and as it has been 
shown in the foregoing, that, after all, we must depend more 
upon blowing off than anything else to prevent incrustation in 
marine boilers, then the salinometer deserves more than passing 
notice. One of the first in order of time is that invented 
twenty-six years ago by the late eminent engineer, Mr. Samuel 
Seaward: illustrated by Figs. 1 and 2, from a drawing kindly 
furnished by his successors, Messrs. Jackson and Watkins. 
The instrument consisted in a strong glass tube, about } in. bore 
and 14 in. long, fixed at each end in a brass frame, to which are 
attached four cocks, one at each end and two at the side: by the 
two latter cocks the instrument is attached to the front of the 
boiler at such a height that the water in the boiler may fill the 
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glass tube. On opening the two cocks attached to the boiler, 
the water will rise from the bottom of the same by a pipe from 
the lower cock and fill the glass; on closing these cocks and 
opening the upper one, two balls are dropped into the tube, the 
first ball being adjusted to one degree heavier than the water is 
intended to be maintained at in the boiler, the second ball one 











degree lighter, then close the upper cock, leaving the communi- 
cation with the boiler open. Now if the density of the water 
should increase beyond the standard adopted, the lower ball 
would rise, and if should decrease the upper ball would sink. 
This is a very ingenious but rather delicate instrument, the use 
of which has now for many years been superseded by other con- 
trivances. The —. though crudest, is one, it is believed, 
still extensively used in many places, and consists simply in a 
can or measure, sometimes detached from and sometimes at- 
tached to the boiler; this vessel is filled with water from the 
boiler at certain intervals, for ascertaining the density; the 
water is allowed to cool down till a certain temperature is 
obtained, and found by dipping a thermometer into it, 
and then the hydrometer graduated to that temperature is 
dipped in, which, by the degree of its immersion, indicates the 
specific gravity or density of the water. Such an instrument 
will, of course, fulfil the object of showing the density any time 
it may be required; but the operation is tedious and requires 
care, and handling such delicate glass instruments is not exactly 
the thing in rough weather, when the engineers have many 
parts of the machinery requiring their constant attention. The 
next step was the introduction of more — and complete 
apparatus, the most commonly known of which is that called 

ow’s salinometer. Though not favoured with an illustration 
of this instrument, its general appearance and construction will 
be seen from Fig. 3; for if we leave out the long tube in Long’s 
salinometer, the remaining parts show as near as possible the 
arrangement of How’s. His salinometer case contains a separate 
compartment for the hydrono- 
meter and the ther ter, and 
it is easy enough at any time to 
let in the water from the boiler 
so as to fill the case: shutting 
off the communication with the 
boiler and blowing off the sur- 
plus water, if any, the density of 
the water, when the ebullition 
has ceased, can be read off. But 
this ebullition, resulting from 
the reduced pressure of the at- 
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mosphere to which the water oe, 

in the salinometer case now be- 

comes subjected, causes a quan- 

tity of hot water to be thrown § ; 
out of the case, thus often caus- | 
ing the engineer to be scalded; 


the sudden rush of water from 
the boiler, if not checked by 
opening the cock very carefully, 
tends also to throw the hydro- 
meter with great force against 
the cover, causing the danger of 
breaking it; nevertheless, this 
instrument has been and is still 
extensively used. 

A more complete salinometer 
than the a one is illus- 
trated by Fig. 3. ‘This is the in- 
vention of Mr. Long, a chief 
engineer of the . United. States 
Navy. The objections to How’s 
salinometer are obviated in this 
instrument by the addition of 
another separate tube. This 
latter contains a smaller internal 
tube by means of a cock com- 
municating at the bottom with 
the water in the boiler while the 
top is closed, but having small 
































mity, through which the water can escape into the outer com- 
ment of the long tube or vessel, the steam at the same time 
reely disengaging itself. The long casing communicates at the 
bottom with the salinometer casing, which is fitted with a ther- 
mometer and a hydrometer, Bythis arrangement the rush of the 
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Norwich, has all the advantages of Long’s, while the whole appa- 
ratus is contained in one piece, thus offering less obstruction, 
being more sightly, and taking up less space in the engine-room. 
This salinometer is now coming extensively into use, and is 
being manufactured by Messrs. Hayward Tyler, and Co., of 
Whitecross-street. 

In Figs. 9, 10, and 11, is shown an improved pattern of the 
same apy ratus. The water is admitted through the side entrance, 
A, of the four-way cock, into the hollow of that cock, and from 
there by opening the regulating screw of the jamb valve B, 
into the bent <7 tube in the salinometer case. At the top 
of the bend is a hole for letting the steam freely escape. By 
passing through in this way, the force of the water is broken, and 
it will now enter the larger tube C, containing the hydrometer, 
quietly. That tube is cut open on one side, and a corre- 
ne hole is left in the casing, with a glass plate inserted in 
the same: shows the density of the water at any time. By the 
side of the hydrometer tube is a cavity containing the thermo- 
meter, the indications of which can likewise be seen through a 
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water and the violent ebullition are checked, and thus the den- 
sity of the water can be observed without danger and inconveni- 
ence. But a more convenient and less cumbersome apparatus is 





openings near the upper extre- 





that represented y — 4, 5,6, 7,and 8. This salinometer, the 
invention of Mr. Gamble, chief engi of the st City ot 








glass. An overflow pipe, D, carries the surplus water away. 
Closing the jamb valve occasionally and then blowing through 
from the boiler, enables the to clear the supply pipe 
from any sediment, and this is an important point. The next 
operation on starting the salinometer afresh is to blow it through, 
which can be easily done by opening the jamb valve and setting 
the handle of the four-way cock so that a line on the dial plate 
points straight through from the salinometer to the waste pipe, 
this empties the salinometer and allows the water in the supply 
pipe time to cool down, before entering the salinometer. 200. 

ahrenheit is the temperature the hydrometer is gauged to- 
By the regulating screw of the jamb valve this can be easily 
and conveniently obtained as well as retained. Another great 
advantage in this practical little instrument, though it may 
not at first sight appear to amount to much, is the ar- 
rangement of the scales. The indications are given outside 
the brass face of the instrument, where they can be read off 
instantly. In conclusion, there is no doubt that, after all, 
blowing off in the proper manner is the best means of pre- 
serving the boiler; that there cannot be given the engineer facility 
enough to do so; and that a salinometer possessing the advan- 
tages just described, which are fully borne out in practice, forms 
the best safeguard against the incrustation of marine boilers. 


WATER-VALVE. 
WE give below an illustration showing a new form of water- 
valve now being introduced by Messrs. Hayward Tyler and Co. 
In this valve the seat is placed in the pipe in an inclined position, 
and the valve is introduced through a branch formed on the side 
of the pipe, as shown in the sketch. The branch is bored out 
or part of its length, and the valve is furnished with a disc, 














supported by feathers, which fits the part so bored. The valve 
has also the usual guiding feathers below it, so that it is guided 
on both the upper and lower side, and is thus effectually prevented 
from canting. The valve is raised from, or lowered on to, its seat 
by means of a spindle connected to the upper disc of the valve, 
and having a screw formed on it, which works in a nut formed in 
the brass cover of the inclined branch. The spindle is packed 
by means of an ordinary stuffing-box and gland. 





Tue Institution or Crvit Encingrers.—The Presi- 
dent’s Annual Conversazione on Tuesday evening next 
will, it is anticipated, be the most successful of any yet 
given. Objects of art, models, apparatus, &c., which 
members or others may desire to contribute for the 
occasion, must be sent in, at the latest, by Monday 
evening, addressed to the Secretary, Mr. James Forrest, 
25, Great George-street, Westminster, S.W. 
Locomotivk STEAM Ports.—Two or three locomotive 
superintendents of our acquaintance are shortening the steam 
ports in their newer engines: 10 in. ee for 15 in. cylinders, and 
12 in. ports for 16 in. cylinders are being adepted. We are not at 
liberty to mention names, but we shall yet hope to have 
indicator diagrams taken at high speed near mid gear, to see the 
result. 

Iron Prers.—Mr. De Bergue has patented (No. 1533, a.p. 
1865) certain modifications in the form of high piers for bridges. 
Each pier is made up three or more members, connected and 
braced by diagonals, something like a Warren girder turned on 
end, only that, both the flanges being then in compression, both 
are sande without joints, admitting of free motion. Mr. De 
Bergue’s object appears to obtain increased lateral stability ; as 
for the mere compression upon the pier, the arrangement does 
not give the same strength as cylinders or clustered colum ns of 








pipes. The value of such a mode of construction can be deter- 
mined only by a series of careful experiments. 



























































































354 


ENGINEERING. 


[May 25, 1866, 








KRUPP’S WORKS AT ESSEN. 


Tux small town of Essen, at which are Krupp’s 
celebrated works, is very favourably situated for carry- 
ing out extensively the manufacture of steel. It is 
furnished with complete railway communication with 
the various parts of the Continent, and in its neigh- 
bourhood is found an abundant supply of coal well 
fitted for metallurgical operations. Little has ever 
been published about Krupp’s works in this country, 
and indeed any information about them is difficult to 
obtain, visitors being but rarely admitted to them; we 
think, therefore, that the following particulars respect- 
——= will be interesting to many of our readers. 

e greater part of the steel produced by Mr. Krupp 
is made from pu and Bessemer steel, prepared 
on the works, this steel being rolled into bars, and 
then cut up into small pieces and melted down in cru- 
cibles, with an admixture of a certain proportion of 
selected iron,—this iron removing a portion of the 
carbon from the steel, and thus becoming itself carbon- 
ized, The crucibles in which the melting is performed 
are made upon the premises, and are of various sizes, 
being capable of holding from about 40 to 90 Ib. of 
metal, They are all mented by machinery, the mixture 
of refractory clay and plumbago of which they are made 
being ground and united with the utmost care. After 
being moulded, they are thoroughly examined and 
gradually dried. There are generally about 100,000 
crucibles in hand at Essen, and none of them are m- 
- more than once, whether they are injured or not 

y the first melting. The erucibles that have been 
used are broken up, and the pieces ground in a fine 
powder, this being used, with fresh material, for the 
manufacture of new crucibles, As was stated in the 
course of a short notice in an early number of this 
journal (vide page 19 of the present volume), the steel 
for even the largest ingots is melted in crucibles of 
comparatively small size, the capacity of the crucibles 
employed varying according to the quality of steel 
which it is desired to produce. The foundry in which 
the casting of the _— ingots is performed contains 
furnaces in which can be placed about 1200 crucibles, 
these being arranged 4, 8, or 12 in each furnace, accord- 
ing to their size. The furnaces are arranged along the 
sides of the foundry, and passages are provided beneath 
the floor, from which all the necessary firing can be 
performed. The ingot moulds are of thiek cast iron, 
and they are placed on the line of a trench, on each 
side of which are rails, upon which run travelling 
cranes. The capacity of the moulds varies from about 
1 ewt. to nearly 37 tons. 

When it is found by the men in charge of the melt- 
ing, that the metal in the crucibles is in a fit state for 

ouring, notice is given to the men in the passages be- 
co who then remove the coke by which the crucibles 
are surrounded in the furnaces. The cracibles are lifted 
from the furnaces by means of tongs by one set of 
workmen, who pass each crucible to two men by whom 
it is carried in a vertical position to the place at which 
it is to be poured, At this point are placed, in pairs, 
men who seize the crucible by suitable tongs and empt 
it into a channel leading to the reservoir into which 
all the metal is run before being let into the mould. 
The channels are made of iron lined with refractoty 
clay. After the crucibles are emptied, they are thrown 
into pits formed to receive them, so that they are out 
of the way of the workmen. The mode of proceeding 
above described is employed for even the largest ingots. 
The larger ingots, when removed from the moulds, are, 
if not taken direct to the hammer, placed in a large 
workshop, where they are covered over with cinders 
kept in their place by low walls. The slow combustion 
which takes gies under these circumstances prevents 
to a great extent the cooling of the ingots. 

The steam hammers originally employed at Essen, 
and some of which are now at work, are of somewhat 
peculiar construction. They are of the tilt hammer 
class, in each the hammer-head being fixed at one end 
of a shaft made of timber, bound by iron bands. The 
shaft is about 26 ft. long, and 3 ft. 3 in. in diameter, 
and its other end is supported by bearings in massive 
standards, Underneath the hammer-shaft, and at 
about the middle of its length, is placed a steam 
cylinder, the piston of which is connected with the 
shaft, and is thus enabled to work the hammer. There 
are at Essen upwards of 40 steam hammers, many of 
them having heads weighing over 10 tons, and several 
20 tons, The largest hammer at the works is one 
having a 50-ton head, the fall being 9 ft. 10 in. This 
hammer is placed upon a triple foundation, the lower 
part being formed of masonry ; this is surmounted by a 
second foundation, composed of oak baulks, and upon 
these are placed a set of castings, on which the anvil 





and hammer-frames rest. A clear space of nearly 
10 ft. is left all round the anvil, the distance between 
the columns forming the frame of the hammer being 
about 23 ft, The standards of the hammer form an 
arch about 16 ft. 4in. in height; they are about 6 ft. 
in diameter, and are cast hollow, the thickness of the 
metal being nearly 10in. The diameter of the steam 
cylinder is 5 ft. 11 in., and the hammer-head is 8 ft. 
9 in. long, by 5 ft. 2in. broad, by 4 ft. Of in, thick ; its 
weight, with the piston, being,as we havealready stated, 
50 tons, The lower part of the hammer-block is made 
of steel, The anvil-block of the hammer weighs 185 
tons, and rests upon eight blocks, weighing from 125 
to 135 tons pon The hammer was entirely con- 
structed on the works, and duplicates of all the parts 
except the framing are kept in readiness, so that there 
may be as little delay as possible in case of a break- 
down, We have said that the hammer was made on 
the establishment; and we may mention here that 
this includes, amongst its various departments, work- 
shops where a great proportion of the machinery em- 
ployed is constructed. 

fn addition to the crank-shafts for steamships and 
other heayy forgings which Mr. Krupp’s heavy 
machinery enables him to turn out with such success, 
the works at Essen have been, as is well known, long 
celebrated for tyres. We have already given in 
this journal an outline of the process employed in 
the manufacture of these, but it will probably be as 
well to repeat it here with some additional particulars. 
A quantity of metal sufficient for forming a tyre is cut 
off from an ingot under a steam-hammer, The piece so 
cut off is forged under the hammer into an oblong form, 
with rounded ends, and a slot is then cut down 
the middle of it, after which it is opened out into a 
ring. To bring this ring to a circular form, and to the 
right section for a tyre, it is placed under a steam- 
hammer having a split anvil, the two sides of this 
anvil supporting a oslindtical horizontal mandril upon 
which the tyre is placed. After being hammered, the 
tyre is rolled by means of an arrangement of rolls 
which were at one time only employed at Essen, but 
which are now used by many manufacturers making 
weldless tyres. ‘The tyres are finally blocked to the 
size required. Besides the loose tyres aboye mentioned, 
one foundry at Essen is devoted entirely to the con- 
struction of solid steel wheels, with the tyres formed 
on them. These are produced with great accuracy, 
and require no turning after they are taken from the 
mould. In an adjoining workshop is carried on the 
construction of springs for railway rolling-stock, 
whilst other shops are devoted to the forging of 
axles and the rolling of steel rails. Within the 
last few years, also, the construction of ordnance 
has formed an important branch of the work at 
Essen, and the machinery employed for finishing the 
various guns and projectiles is of a very complete 
character, as indeed is the whole of the machinery on 
the works, ‘The establishment occupies a space of 
about 500 acres, of which nearly 100 acres are covered 
by the workshops, and about 27,000 tons of steel 
were produced from them by Mr. Krupp during the 
year 1865, The works at Essen are altogether of 
such immense extent that it is quite impossible to give 
more than a general idea of them in a short notice like 
the present, and we therefore intend to return to the 
subject on some future occasion. 





BREECHES OF WROUGHT-IRON GUNS. 


Tue effectual closing of the breech of a muzzle-loading 
gun, when made of wrought-iron coils or rings, has 
always been a difficulty to the ordnance manufacturer. 
Whenthe inner tubewasthinand surrounded by separate 
rings shrunk over it, the longitudinal strength of the 
piece was found insufficient to withstand the action of 
the powder against the end of the chamber. The 
breech was always liable to blow off, dividing the 
tube at the weakest point between it and the trun- 
nions. This was the general cause of the failure of 
the Parrott guns used in the last American war, 
which were made of cast iron, with the chamber made 
thinner than usual, and strengthened with wrought- 
iron rings shrunk or pressed on. 

Methods were devised for securing the breech by a 
wrought-iron strap passing round the breech and 
secured to the trunnions. This system never came 
into service on account of its weight, a large quantity 
of iron serving only to keep the breech in place, and 
not serving to strengthen the gun leben at all. 
Whitworth secured his breech by a plug screwed in, 
this plug being made tapering in a series of steps, 
each step having a male thread upon it fitting into 





female threads turned in the inside of the different 
tubes of which the barrel is composed. 

The Armstrong method is somewhat similar to 
this, only no screws are employed. It will be under- 
stood from Fig. 3. B is the breech-piece, which is 
formed tapering towards the trunnions in a series of 
steps, as shown in the drawing; it is shrunk over the 
A tube, and the other tubes are shrunk over it. The 
grain of the iron a me l, so it does not possess 
quite as much strength as the coils. The 
object of this grain is to distribute the longitudinal 
shock of the discharge over a considerable area of the 
gun, and give each coil only a small part of the pull, 
which, if exerted entirely upon one of them, would 
certainly open the welds. The muzzle end of the 
breech-piece extends till it passes just under the 
trunnion-ring. 

It is manufactured thus: A bloom is first hammered 
into a plate, which is then cut into pieces and piled in 
the following manner. Four of the small plates are 
placed one at the top of the other, forming a cube; 
they are then turned on edges, and two binding-plates 
are placed across them. ‘The edges of the mass are 
then beaten down, and the whole drawn out under a 
steam hammer. Thus the welds are longitudinal, as 
well as the grain. 

It was found that in large guns a sound forging 
could not be obtained. Hence the centre was bored 
out, and the cascable (see figure) made separate, and 
screwed into the cavity thus formed. The grain of 
the cascable was also longitudinal, and furnished with 
threads of the bevelled Y form, which was found to be 
stronger than the square, The pitch is 0.7 in., and the 
depth 0.33 in. 

he inner or A tube was first made open at both 
ends, for the convenience of boring and examination 
for defects ; the breech end was afterwards closed in the 
following way ; 
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Ist. Elswick loose end.—This is shown in Fig. 1. A 
steel plug, hollowed in front, was made fitting close, 
and abutting against a shoulder turned in the inside 
of the tube. Behind this a copper dise was placed, 
and the cascable serewed close up against it. A space 
was left all round the disc, and it communicated with 
the open air by a small hole or gas-escape at the 
breech. The steel cup is about 33 in. thick, and the 
copper dise 4 in. thick. When first fired, some gas 
generally found its way round the plug, and went out 
through the escape. After one or two rounds, the 
outer rim of the plug became jammed tight against 
the tube, and the breech was as gastight as a solid 
mass. ‘The breeches of one 600-pounder and eleven 
300-pounders have been closed in this manner. 

Qnd. Copper-cup arrangement.—This is shown in 
Fig. 2. The copper-cup has a slight taper of about 
0.05 in. in its wale length, which varies for different 
guns. In the 64-pounder, to which it is generally 
applied, it is 7 in. long. The cascable is screwed up 
close against it. ; 

8rd. Solid steel close end.—This merely consists in 
leaving the end of the cast steel tube solid, and about 
the thickness of the tube itself. The cascable is screwed 
up against this, and should fit extremely true, other- 
wise the steel will break with the a LE 








Tae IxstitvTion or MecnantcaL ENGINEERS.— 
The annual provincial meeting of the Institution of 
Mechanical Engineers will take place this year at Man- 
chester, July 31st, and August Tst, Qnd, and 3rd. The 
members will receive the usual timely notice of the in- 
tended arrangements. 
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A TRIP TO AMERICA.—No, IL. 


In May, 1607, in the reign of the first James, Henry 
Hudson, the English navigator, set sail from the Thames 
in search of the North-east Passage. A number of 
the “City men” of the day found the money, and 
Hudson took counsel with his patrons just before the 
voyage, at the house of a son of that princely merchant, 
Sir Thomas Gresham, in Bishopsgate-street. He par- 
took of the sacrament at the ald church of St. Ethel- 
burge, and it is not at all unlikely that, in a moment 
of relaxation, he visited Mr. William Shakspeare’s 
theatre, the Globe, in‘Southwark; for Hudson lived in 
the days of the great dramatist, and of Bacon, and 
Cervantes, and the Caracci Brothers, and logarithmic 
Napier, and others of lesser note. 

But, although he fared better than Sir John Frank- 
lin, Hudson was a long time knocking about among 
the ice in the Polar seas without any result which 
could be discounted for the purposes of trade. The 
solid men about the Royal Exchange shook their heads 
when he came back with his barren log-book and his 
frost-bitten crew, and shut their ears to further proposals 
for cash for another voyage of discovery with the object 
of a short cut to the Fast. But the Amsterdam mer- 
chants forming the Dutch East India Company were 
ready with their guilders, and they fitted out Mynheer 
Hendrik Hudson with a “ship,” the Half Moon, of 
ninety tons, and, sailing in this from the Zuyder Zee 
in March, 1609, he first bore away for Cape Farewell, 
and then steered west, and worked up and down the 
American coast, nowhere finding the hoped-for channel, 
although when in September of the same year he sailed 
in at “ the Narrows,” which form the entrance of the 
Bay of New York, upon the very track of the Cunard 
steamships, and of all the present foreign commerce of 
the American metropolis, it might have been that he 
believed the great object of his life at last within his 

rasp. The Half Moon anchored in a magnificent 
ne two hours’ sail in length, with a great depth of 
water, almost completely land-locked, excellent hold- 
ing-ground, and less than a fathom’s rise and fall of 
tide. On either hand were wooded slopes and heights, 
and had the great river before him, and to which he gave 
his own name, led, like the Straits of Magellan, to the 
far-distant sea beyond, and thus to the eastern land of 
gold and pearls, and silks and precious stones, Hudson 
could nowhere have found a site so suited to the com- 
merce which would have arisen there. Within sight 
were fifty miles of shore-line, available as “ water 
frontage,” in the commercial sense of the term, and of 
which, indeed, nearly one-half is at this moment occu- 
pied by shipping and by works to which access by 
water is necessary. On the right, a deep channel 
extended far to the north-east, and although it was but 
three cables’ length, or 720 yards, across for a short 
distance, Hudson would have found, had he followed 
it, that it gradually widened into an inland sea, reach- 
ing fifty leagues away to the Atlantic, and which is 
now known as Long Island Sound. Between this 
narrow channel and the great river flowing from the 
north, the mainland appeared to reach down as a long 
and richly-wooded peninsula, half a league or so in 
width, although a length of four or five leagues was 
cut off by a smaller transverse stream, so that the appa- 
rent peninsula was an island, now the site of the City 
of New York. 

Could Henry Hudson but step out of his portrait in 
the “ governor’s room” of the r York City Hall—a 

ortrait attributed to Paul Van Someran, a famous 

‘lemish artist of the time of James the First, and 
painted either in Amsterdam or London—he might 
wary recognise the broad and beautiful bay, and the 

eights far up the great river ; but what could he make 
of the island where, under the forest trees, he parted 
from the King of the Manhattans after his own return 
from a voyage fifty leagues inland? In 1626 the 
whole island, of 14,000 acres, or nearly twenty-two 
square miles, was purchased for a sum of Dutch money 
equal to 5/., and it is now the home of nearly a million 
people, and the seat of a commercial power immeasur- 
ably greater than was possessed by all the cities of 
antiquity, and as much greater than that of all the 
cities of the modern world in Hudson’s own time. 

_As engineers, we shall find much to see in and about 
New York, and we may as well stay for a week, not 
at the great and crowded Fifth Avenue Hotel, nor at. 
the crushing and crashing St. Nicholas, but at the Eng- 
lishman’s favourite Clarendon or at the Brevoort 
House. We shall see a city planned with great 
regularity, but with little uniformity in the buildings 
themselves. The great thoroughfare, Broadway (and 
Americans never say the Broadway), extends along the 
backbone of the island, and is intersected by hentued 





of streets at = angles. From Houston-street, 13 
miles from the Battery, or lower end of the city, the 
upper an is divided, north and south, by fourteen 
parallel “avenues,” each 100 ft. wide, and known by 
their numbers, while 156 parallel streets, all of them 
designated numerically and progressively, from first 
to one hundred and fifty-sixth street, extend trans- 
versely from river to river. All these streets are 80 ft. 
in width, with the exception of sixteen, which are 
100 ft. wide. But, with all this regularity, there is a 
great variety of building materials, and a very con- 
siderable diversity of architecture. There are the finely- 
moulded red bricks, somewhat smaller than our own, 
being 8 in. by 4in. by 2in., and as smooth and true in 
their form as if they had been finished by a planing-ma- 
chine, were that practicable. There is the mahogany- 
coloured sandstone, of which Trinity church and the 
palatial “brown stone” fronts of the Fifth Avenue 
mansions are built ; there is the buff-coloured sandstone, 
known as Albert freestone, from Nova Scotia; there 
is the fine-grained blue granite, or gneiss, brought from 
Massachusetts, and represented by the Exchange and 
the Astor House (and your American always applies the 
definite article to the personal name of his hotel); there 
is an abundance of white marble, from Sing Sing, up the 
river, and with which much of Broadway and the 
newer commercial streets are veneered (for the marble 
is never used for the full thickness of a wall); and, 
finally, some of the most striking and even superb 
buildings in New York are of cast iron, the window- 
ge bearing a proportion of perhaps one-half to 
the whole front. And, as if all this variety were not 
enough, a few buildings are of Caen stone from Nor- 
mandy ; and here and there are cream-coloured bricks, 
known as Milwaukie bricks, although we cannot say if 
they are actually brought, more than a thousand miles, 
from that port on Lake Michigan. Blest with a clear 
atmosphere—for fogs are almost unknown—and burn- 
ing only smokeless anthracite coal in their houses, 
factories, and steamboats, the people of New York 
have an inducement to architectural display and mural 
ornamentation which we in London lack, and they 
make the most of it, for in no other city in the world 
is the Italian palazzo style so richly and so widely 
carried out in mansions, warehouses, and in commer- 
cial buildings of every class. The glitter and display 
is more, indeed, than Englishmen are prepared for ; 
but it is agreeably relieved by the rows of shade trees 
which make a boulevard of nearly every street, while 
it is, furthermore, sadly contrasted by the bad pavin 
and negligent scavenging of the roads, footpaths, an 
utters. Surface drainage is largely tolerated, for the 
island is a ridge of rock covered with a sandy 
alluvium, and sloping each way to the river. There 
are such things as sewers though, and one, finished a 
few years ago, under the avenues on the east side of 
the city, is 4000 ft. long, 84 ft. wide, and 9 ft. high in 
the clear, having been cut for much of the way through 
solid rock, with occasional quicksands. 

Let us glance at the harbour. The sailing ships lie 
at the wharves along the East river, and the steam- 
boats and ocean steamships (with the exception of 
the Cunarders, which lie on the other side of the 
Hudson) fringe the western side of the city for miles. 
Nowhere is there an enclosed dock, except the 
Atlantic Docks, of 423 acres, at Brooklyn, with their 
sea-wall of 3000 ft. along the Buttermilk Channel. 
Brooklyn, we may add, is a city by itself, with a 
population exceeding that of Birmingham. The river 
piers are all of timber, extending from 200 ft. to 
300 ft. from the shore, and having a width of from 
50 ft. to 60ft., and of these there are upwards of 
12 miles in total length. The rise and fall of tide is 
only 54 ft. at springs and 44 ft. at neaps. There is 
ample depth of water, and the Great Eastern laid 
alongside, at the foot of Jay-street, in 1860. The 
greater number of steamboats, however, draw but 
from, 4ft. to 6ft. of water, although these boats 
are of the stately class which we described in our last 
number. For repairing ships, there are the slip docks 
or marine railways, and the sectional dry docks on 
the East river. In the Government navy-yard, at 
Brooklyn, is the finest graving dock in America, but 
available only for ships of war. It is of dressed 
granite, and was made in a site presenting many 
difficulties. Those who have “ Weale’s Rudimentary 
Series” will find illustrations of it in Mr. Law’s 
Civil Engineering.” It is 320ft. long within the 
gates, 93 ft. wide, and has a 70ft. entrance. In his 
report upon the New York Industrial Exhibition of 
1853, Mr. Whitworth gives particulars of the pump- 
ing-engine employed to clear this dock of 610,000 
me eet of water in a little more than four hours. 





The rotative pumping-engine, made by the West Point 


Foundry Company, has a 50 in. cylinder, 12 ft. stroke, 
and a 32ft. beam. It is worked with 50 lb. steam, 
and has a condenser; and it works two draining- 
pumps, each 63in. in diameter and 8 ft. stroke, con- 
nected one to each arm of the beam. The cut-off gear 
is self-adjusting, so as to cut off later and later as the 
lift of water becomes greater and greater by pumping ; 
Gothic columns and a ee entablature, with 
polished ironwork and brasswork in profusion— 
thoroughly American. 

We may here see the monitors and the great guns, 
some of them 15 in. and others 20in., the latter, navy 
pattern, weighing 45}tons, while the army pattern, 
with a longer bore of the same size, weighs 50} tons! 
Ericsson, who left us, years ago, disappointed and 
disgusted with the Admiralty, the Liverpool and Man- 
chester directors, and with the insurance companies, 
who severally rejected his screw propeller, his loco- 
motive, and his steam fire-engine—the two last the 
joint work of himself and his partner and patron, John 

raithwaite—has risen to great renown in New York, 
and his fellow-citizens, in an access of gratitude, 
some time ago presented him with a model of the 
Monitor in solid gold. 

Down the bay to the Narrows, the gateway to the 
Atlantic, only 600 yards across. Here be fortifica- 
tions! and it might need the thickest plates of the 
Bellerophon and the Hercules to run into the harbour 
under the fire of Fort Hamilton and Fort Tomkins, 
and of the intervening fortress and prison-house, Fort 
Lafayette. And inside the harbour are the batteries 
and fortress on Governor’s Island; and miles up the 
East river, at Throg’s Neck, the entrance from Long 
Island Sound, are the vast works of Fort Schuyler, 
which have an armament sufficient, one would suppose, 
to blow a hostile iron-clad fleet out of the water. We 
may be sure that if we have another Trent affair, or a 
row growing out of Fenian scoundrelism, and we talk of 
bombarding New York, there will be big guns, thick 
armour plates, and stout hearts as well upon the side 
of defence as that of attack. The Fenians! New 
York would be more eeable did we hear less 
of them and of the renegade “ head centre,” Stephens 
(who, to the scandal of the profession, studied as a 
civil engineer, and is therefore all the more dangerous), 
and of ¢richina, and rinderpest, and cholera, and panic, 
with which New York is even now more vocal than 
London. 

But we will keep our yacht up to the wind, for we 
are still sailing around the harbour. A few miles 
across is Communipaw, a Dutch village, which has 
stuck fast for two centuries, right in sight of New 
York, yet almost as primitive to-day as in the fabled 
period of Diedrich Knickerbocker’s history, the best 
of all the happy conceptions of the late Washington 
Irving ; and you Londoners were but a few weeks ago 
neal from smiles—maybe grins—to tears at Jeffer- 
son’s acting of another of his heroes, the jolly, tipsy, 
long-somnolent Rip Van Winkle. The writer re- 
members how, so late as 1854, the corner stone of the 
first church in Communipaw was laid with a ceremony, 
involvingan antithesis of ideas, comparable only with the 
establishment of fish-curing works at Runnymede, or of 
a cotton-factory, driven by high-pressure condensing-en- 
gines, close by the Vatican at Rome. “ Communipaw !” 
The shareholders of the Galway line of steamships 
have not forgotten John Orrell Lever, nor the powerful 
appeals which he occasionally addressed to British 
capital. For some time an eccentric American, Pliny 
Miles, who had stood upon Etna, Hecla, and Chim- 
borazo, and who is indeed ubiquitous, was the literary 
brain of Mr. Lever; and Miles, who wrote Lever’s 
“ Austria” when the last-named hero went, with Mr. 
Roebuck, to Vienna to see about a concession for a 
bank, was for years the “Communipaw” of the Ameri- 
can press, as he was also the European correspondent 
of the veracious New York Herald. 

Another tack will take us eon Jersey City, with the 
Scotia just in from Liverpool, and the swift ferry boats 
shooting to and fro between Courtlandt-street to the 
Philadelphia railway terminus, on past Pavonia and the 
“long dock” of the Erie Railway Company, resonant 
with bellowing engines, to Hoboken, where we will 
step ashore, and presently (not as our Scottish brethren 
employ the term) wander in the “ Elysian Fields” of 
that ilk. Here lived John Cox Stevens, the rich and 
enterprising New York merchant, who, before 1805, 
had spent 20,000 dol. in experiments upon steam 
vessels and steamboat machinery. He’was the first 
to patent in England the high-pressure multitubular 
boiler (Mr. Wooderoft'will show you the date, 1805, and 
number of the blue-book in Southampton-buildings), 
the tubes being water-tubes ; and in 1804 he steamed 
across the Hudson in a boat driven by a screw pro- 
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ller, which is still enshrined at Hoboken. Here 
fived his, wealthy sons, and here is the Stevens battery, 
a floating iron-clad, built years before its time, a marine 
monster, fully described hy Mr. Norman. Scott Russell 
in a paper which he read before our Institution of 
Naval Architects in 1862, and which. was published in 
the third volume of their Transactions. We will make 
one extract only : 

“Few persous knew at, that time (1858-60) that Mr. 
“ Stevens had made experiments upon armour plates for 
“ ships of war as early as the year 1816; and, I may 
“ say, nobody in this country entertained the slightest 
* suspicion that the American Government. had con- 
“ cluded-a contract with the Messrs. Stevens, the 
“ fathers of this new system, to construct an iron- 
“ plated battery as early as 1843, though. the, com- 
“ mencement of the vessel was delayed, by official 
“ interference, till some years later... So well, indeed, 
“ had they kept their secret, that the late Sir Howard, 
* Douglas, who took so deep. an interest,in the im- 
“ provement of the navy, a prided himself on being 
. Lept well informed of all that was being done in the 
“ naval or military matters of foreign countries, wrote, 
* as late as 1860, that no iron-cased vessel was built, 
“ or being built, in the United States.” 

The great “battery” is 400 ft. long, and of 45 ft. 
beam, with an intended draught of 20 ft. 6in. She 
would be nearly sunk in the water, but would still 
retain abundant floating power. She has twin screws, 
with independent engines—in use in the States as early 
as 1845, or before the patents of Roberts.and Captain 
Carpenter—and the latter, intended to work up to 
8000 indicated horse power, were expected to, give a 
speed of from 18 to 20 statute miles an hour. The 
seven great guns— enormous guns—were to be mounted 
on turntables on the open deck, unprotected by turrets, 
armour, or covering of any kind. They were to be 
trained by machinery from below, the gunner, hid 
behind his gun, being the only person exposed above. 
Here, of course, were nearly all the ideas embodied in 
the monitors, and it is to Stevens, rather than to 
Eriesson, that the credit for those craft belongs. 

It was here, in the North river—as the Hudson is 
commonly called—that Fulton’s first boat, the Cler- 
mont, first essayed the voyage to Albany, in 1807. We 
have no wish to detract from the credit which the suc- 
cessful pioneer always deserves; but it is to be kept in 
mind that Symington, in 1801, had the Charlotte 
Dundas at work on the Forth and Clyde Canal, and 
that, in July of that year, Robert Fulton came on board 
of her, and, by Symington’s permission, sketched and 
noted many particulars of her construction and work- 
ing. In 1829, Symington published an account of his 
experiments, and this was reprinted in 1863, for James 
Blaikie; formerly of the Panmure Foundry, Edinburgh, 
On page 9 of this account, the father of steam naviga- 
tion gives a circumstantial and interesting notice of 
Fulton’s visit to him, and it was nearly six years after- 
wards before the Clermont was launched upon the 
Hudson, and fitted with one of Boulton and Watt’s 
condensing engines, driving Symington’s paddle-wheels. 
The Charlotte Dundas had a single horizontal steam 
cylinder of 22 in. bore and 4 ft. stroke, the connecting- 
rod working direct upon a crank in the paddle-shaft. 
We have never ascertained, from the records of Soho, 
what was the size and power of the Clermont’s engine. 
The boat itself, built by Charles Brown, of New York, 
was 133 ft. long and 18 ft. beam. Mr. Dyer, himself 
an American, yo long Anglicised in Manchester, 
is now living, at the age of eighty-six, and he relates, 
with a clear memory, his own experience of the Clare- 
mont; and in 1811, he, as Fulton’s representative, 
undertook the task, fruitless to himself, of introducing 
steamboats into England. In his “ Notes on the In- 
troduetion of Steam Navigation,” contributed two or 
three years ago to the papers of the Manchester Lite- 
rary and Philosophical Society, he treats all attempts, 
prior to Fulton’s, as inconclusive or apocryphal. He 
states, moreover, that “ the first ocean steamer was the 
“ Fulton, of 327 tons, built in 1813, by A. and N. 
** Brown, at New York. ‘The first steamer constructed 
* for harbour defence, under the personal superinten- 
* dence of Mr. Fulton, was built in 1814, of 2470 tons 
“burden. This boat has been the type from which all 
“ the ironclad batteries and rams have since been con- 
“ structed, with various modifications by later inven- 


“tors.” We wish we might know more of this won- 


derful ironclad steamboat of 2470 tons, built fifty-two 
years ago, in the thick of the second war between 
Great Britain and the United States. Mr. Dyer was 
then in this country, and could not have seen it 
himself. 

In the New York Exhibition of 1853 was the steam 
cylinder of the Savannah, which crossed the Atlantic, 





part of the way by steam and the rest by sails, in 
1819. . The old cylinder is still in the possession, we 


believe, of the proprietors of the Allaire Works, and 
it is a.relic of probably the earliest attempt at Trans- 


atlantic steam navigation, although the Margery had 
made the run from Glasgow round to the Thames in 
the dead of winter, January, 1815, 

The first steam voyage across the Atlantie was made 
in. 1833, by a.vessel of which probably not one person 
in a thousand has ever rol This was the Royal 
William, of 180 horse power and 1000 tons burden, 
built. at Three Rivers, on the St. Lawrence, Canada. 
She steamed all the way across from Pictou, Nova 
Scotia, to Cowes, and afterwards saw a variety of ser- 
vice before either the Sirius or, the Great Western set 
out for New York, in 1838. Those were small begin- 
nings for steam companies. The Great Western took 
out only seven passengers on her first voyage, the fare 
from Bristol to New York being 45/.. Returning, she 
brought. back eighty-seven. The writer was one of 
the few adventurers who crossed the Atlantic in the 
Great Eastern, on her first voyage in June, 1860; and 
there was on board a veteran traveller, Captain Morris, 
of the navy, who had been one of the first passengers, 
of the Great Western, in 1838, as also of the Great 
Britain, a few years later. What periods of progress 
in steam navigation were spanned by this experience 
of twenty-two years ! 

But we will leave steam for the present, and by an 
easy transition, turn our attention to the water-supply of 
New York, and its sububs. The Croton Aqueduct, 
opened in 1842, is one of the greatest modern works of 
its kind; and we must own that we have nothing yet 
in England nor in Scotland—for we are thinking of the 
Loch Katrine works—which quite equals it in magni- 
tude. It has a length of 40} miles, and a capacity of 
60,000,000 gallons daily. It begins at the artificial 
lake formed in the Croton river, a short distance from 
the Hudson. The dam, built of granite laid in cement, 
is 250 ft. across, and 40 ft. high, its thickness at the 
base being 70 ft., and at the top 7 ft. The lake thus 
penned back is nearly six miles long, and is 166 ft. 
above tide at New York. Its capacity is five hundred 
million gallons, but it is less upon this than upon the 
unfailing flow, of the stream that the New Yorkers 
depend for their certain supply. The area of supply 
comprises 352 square a the Croton and its 
tributaries extending for 175 miles. The first Croton 
dam was carried away in 1841, before the opening of 
the works, and the present one was built immediately 
afterwards. Sketches and descriptions of the charming 
country about here are given in Mr. Lossing’s paper 
in the Art Journal of May, 1861. The aqueduct +4 
a uniform slope of 134 in. per mile all the way, neither 
rising nor falling to the natural irregularities of its 
route. In this respect it is of a piece with the great 
Roman works of the same class. tt is 6 ft. 9 in. wide 
at the bottom, 7 ft. 5 in. at the springing of the arch, 
and it is 8 ft. 5 in. high. All the way into New York 
it maintains a course about half a mile distant from the 
Hudson, and it crosses the Harlem River on a granite 
bridge, the largest work of the kind in the States. It 
is 114 ft. high and 1450 ft. long. Eight of its arches 
are of 80 ft. span, and six are of 50 ft. each, the piers 
being of great thickness and strength, The cost of 
this bridge alone was nearly 200,000/. It was here 
that the American derrick was first used, and it was 
with a contract for a portion of the work that the 
illiterate but famous steamship proprietor, George 
Law, commenced his colossal fortune. The aqueduct 
is afterwards carried across the Mauhattan valley by 
means of an inverted syphon of iron pipes 4180 ft. 
long. In the Central Park, of 843 acres, and which, 
at a cost of twelve million dollars, has been made the 
Bois de Boulogne of New York, stands the great 
receiving reservoir of the aqueduct, only finished 
four or five years ago. It covers 106 acres. The 
contract for this work was taken at 127,000/., and 
comprised: about 800,000 yards of earth excavation, 
285,000 yards of rock excavation, 650,000 yards of em- 
bankment, besides a large amount of puddling, sheet 
piling, paving, &c. Further on is another and smaller 
receiving reservoir, and lastly, the distributing reservoir 
in the Fifth Avenue, containing 20,000,000 gallons, 
and enclosed by granite walls,-in the Egyptian style, 
and 44 ft. high. The whole cost of the Croton 
aqueduct has been upwards of 3,000,000/., and it is 
estimated to be adequate to the supply of a population 
of two millions. All over New York the pure soft 
water is maintained at constant service, up to the top 
of every house. We Londoners may well envy those 
who are thus blessed. 

While New York issupplied with water by gravitation, 
the large city of Brooklyn, across the East River, and 








the rising suburb of Jersey City, across the Hudson, 
are supplied by pumping. The Brooklyn works have 
now been six years. open. The water is collected 
from ponds on the east side of Long Island, the fur- 
thest thirteen miles distant from the Brooklyn City 
Hall, and it is brought in a canal to the foot of the 
elevated reservoir of 170,000,000 gallons at Ridge. 
wood, into which it is pumped by a lift of 170ft. 
The pumping engines are of the construction illus- 
trated and described in Eneinzentne of April 20, 
page 250. From their peculiar construction, the 
Cornish system being modified into a double-acting 
arrangement with a pump at each end of the beam, 
they are even more powerful engines than those at 
the Haerlem lake, or that of 112-inch cylinder at 
Battersea. The No. 1 engine has a 90-inch, and No, 
2 engine an 85-inch cylinder, the stroke being 10 ft. 
The two pumps are 36in. in diameter. The arrange- 
ment does not permit of high expansive working, and 
the duty has been but about 600,000 foot-pounds for 
a pound of coal, equal to 3.3 1b. per actual horse power 
per hour. Another engine at Prospect-bill, a rotative 
machine, has attained a duty of over 680,000 foot- 
pounds per pound of coal, although its cylinder is 
but 24 in. in diameter, and the stroke but 44 ft. The 
Brooklyn waterworks, maintaining a supply of upwards 
of ten million gallons daily, were originally let to con- 
tract for 804,000/., a sum which has since been con- 
siderably increased. 

The Jersey City pumping-engine at Belleville, New 
Jersey, is of the Cornish construction, and has given a 
good rate of duty. 

As the penalty for so good and abundant a supply 
of water, the New Yorkers are cursed with a gas 
monopoly which would rouse English consumers to 
indignation. For wretched stuff, the usual price when 
we were last in New York was 12s. 6d. per thousand, not 
in greenbacks, but in gold and silver. Gas coal was 
then 21s. a ton, but is very much dearer now. The two 
companies, the New York and the Manhattan, were close 
concerns, miserably managed, and indeed the whole gas 
manufacture of America is barbarous as compared 
with English practice. We have known two-thirds of 
the coke made burnt under the retorts—these being 
short Ds of iron set three in a bench! No wonder 
that many of the larger establishments, like the St. 
Nicholas Hotel, find it worth their while to make their 
own gas from resin and oil. 

It. 1s time to turn to the railroads. They are many and 
important ; but they cannot be said to possess a striking 
character as engineering works, unless it be from their 
inferiority of construction. Three lines, the Hudson 
River, the Harlem, and New Haven railroads, enter 
the city ; the others commence on the Jersey and Long 
Island shores opposite. The Hudson River Railroad 
extends 144 alien to Albany, and is thence continued 
by other lines to all parts of the Western States and 
to Canada. For ou its whole length its gradient 
is a dead level, only 5 ft. above the Hudson, and 
although there are very short portions inclined from 
1 in 200 to 1 in 130, the longest incline, rising three 
miles each way to Poughkeepsie, is only 1 in 500— 
almost equivalent to a level. The minimum radius 
of curves is 2865 ft., or nearly 434 chains. There are 
a number of short tunnels, especially in the Highlands, 
as that part of the river near West Point is called, and 
there are long low-piled bridges at various points, 
but no single work of a striking character. The pas- 
senger trains are made up in the lower part of the city, 
and the long cars, with their pivotting bogies at each 
end, are drawn by a dummy locomotive through the 
open streets, and are whisked round corners on curves 
of 60 ft, radius, the outer rail being formed as a flat 
plate upon which the flanges, instead of the treads, of 
the wheels run round. The engine station is three or 
four miles up town, and when the train is fairly off for 
Albany it still has to cross a hundred or more of the 
streets of upper New York ona level. The New Haven 
and Harlem railroads, worked over one and the same 
line for a few miles, extend, the first to Albany and 
nearly parallel with the Hudson river, and the other to 
the eastern towns. Their trains are made up at 
Twenty-seventh-street, and they run across no end of 
streets in the upper part of the city. There is nothing 
in New York wich comes up to an Englishman’s idea 
of a railway station, and most of the railway arrange- 
ments are indeed quite al fresco. The lines already men- 
tioned and those on Long Island. are of the 4 ft. 8} 1- 

auge. Le 
- Between Jersey City and Hoboken is the Erie 
Railway Company’s “long doek,” extending into the 
Hudson, across which passengers and goods are fernie 
in large and powerful steamboats. A tunnel, 4300 ft. 
long, takes the line through the ridge of trap which 
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separates the valley of the Hudson from that, scarcely 
amile away, of the Hackensack, and the line, of the 
six-feet gauge, extends thence 460 miles to Lake Erie, 
with connexions to all ee of the western States, as 
well as to the principal inland towns of the States of 
New York and Pennsylvania. 

The railway from Jersey City to Philadelphia, 90 miles 
distant, is of the 4 ft. 10 in. gauge, and we believe it is 
still worked as a single track, connecting as it does the 
two greatest cities on the American continent—New 
York and its suburbs containing one and a quarter 
million inhabitants, and Philadelphia 750,000! We 
can assure our readers, as a fact of our own knowledge, 
that within a very few years the engine drivers of 
the trains running in opposite directions had “halfway 
posts” between the stations, and that although each 
might see the other two miles off, coming on at full 
speed, the one nearest the post drove on, it being the 
business of the other to ~ and back, and we have 
frequently known trains to be backed for miles at a 
speed of twenty miles an hour! The railway through 
New Jersey is a close monopoly, pays enormously, and 
isa known and open instrument of bribery and cor- 
ruption in the affairs of that State. The 90 miles, with 
a mile férry at either end, over the Hudson and the 
Delaware, is only made in four hours by “express ” 
trains, or in the time of running from London to Crewe. 
At Elizabethport, at the foot of Newark Bay, a few 
miles from New York, the New Jersey Central Rail- 
road goes off to the west, bringing a great anthracite 
coal trade from the Lackawanna region. 

Captain Galton, in his report upon the American 
railways, truly represented them as lines upon which 
English rolling stock would not keep the rails ; yet they 
are undeniably worked with a smoothness and, so far 
as keeping the line is concerned, with a safety hardly, 
if at all, inferior to that of English railway traffic. 
Trains meet now and then in collision, they are oc- 
casionally thrown off, by obstructions at level crossings, 
and the downfall of a timber bridge happens once in 
a while ; but as for running off the line in consequence 
of its roughness or crookedness, such accidents are 
exceedingly rare—as much so, we are bound to say, as 
in re | 

We have now seen much of New York, but we shall 
put off for another week a variety of sights and matters 
of interest. From Elizabethport we will have a sail 
to Staten Island, and we may sce there the sight of the 
candle-factory where, in 1854, Garibaldi supported 
himself independently in New York, until the altered 
condition of Italian affairs called him home. The 
writer was ar new. in the year just mentioned, with 
with a couple of pounds of these very candles, and duly 
consumed them over the evening tasks of professional 
pursuits. 

Leaving the richly wooded slopes of Staten Island, 
with the bracing breeze of the blue Atlantic tossing 
the idle leaves, and spreading far up the immer bay 
a glittering pathway of reflected sunshine, we will 
retumn to the great city—and if, in a half-hour’s en- 
forced idleness, we can, under the awning of the huge 
ferry boat, and in the quiet of a choice cigar, picture in 
the mind the Manhattan as seen by Hudson, we will 
make the attempt. Yet it would be but exchanging 
one beauty for another, replacing by a tree every house 
in yonder great forest of stone, and brick, and iron, and 
mortar, and sweeping from the scene every one of the 
stately steamers and the clustered masts of two 
thousand ships which make the Bay of New York the 
one great harbour of the world. If we have dreamed, 
our reveries will be effectually broken on landing by 
the unearthly yells of the most Beotian tribe of cab- 
driving savages in the universe. 





A Guascow Founpry.—The house of Messrs. Thomas 
Edington and Son, of Glasgow—not that there is a Mr. Eding- 
ton, or a Son—has no doubt the largest iron-foundry trade in 
the world. It cast, last year, nearly 250,000 tons of goods, say 
1000 tons each working day (for there are hardly more than five 
Working days in the week}, and the whole amount is about one- 
fourth of all the pig metal made yearly in Scotland. Mr. Law, 
who is, we believe, the real proprietor, casts as much metal 
daily as, perhaps, all the foundries of Manchester. One great 
branch of trade is railway chairs. We recollect once hearing 

fr. Law narrate how a French inventor came over with a 

poulding-machine for railway chairs, which would save 2s. a 
- in labour. The inventor could hardly be made to believe 

at the actual cost of moulding was then but 1s. 8d. per ton, 
and that that was all that could be saved by any invention what- 
ever, The foundry is at Port Dundas, away at the head of 
jichanan-street, and we should say there could not be fewer 
om 2000 men employed. If we remember rightly, all the cast- 
oun the Paris Exhibition building of 1855 were cast here, and 
ing . leve that 26,000 tons of water-pipes have lately been cast 
, t ¢ Dublin waterworks. An old and profitable branch of the 
usiness is the casting of ‘iron pots, a comparatively small but 


ie adjunct of the great trade which has grown up in later 


GRANITE. 


GRanitE, which is one of the unstratified rocks, is 
ner of quartz, felspar, and mica, with occasionally 
small quantities of hornblende ; under the popular name 
of granite, however, is generally included syenite, a 
rock which differs from granite proper in containing a 
larger proportion of hornblende, but little or no mica. 
The greater the proportions of quartz and hornblende 
in any particular granite, the greater will be its hard- 
ness and durability—qualities which are also indicated 
by the small size and brightness of the crystals of 
felspar. 

On the occasion of the meeting of the Society of 
Arts, held on the 23rd ult., an interesting paper was 
read by Mr. George W. Muir, on “ Granite Working,” 
and from this we draw the following particulars. 
Scotch granite is obtained principally from Aberdeen- 
shire, Argyleshire, Dumfrieshire, and the Stewartry of 
Kireudbright, the two first mentioned counties furnish- 
ing both the red and grey varieties, whilst the southern 
districts supply the light grey granite only: The red 
granite quarries at Peterhead are situated about forty- 
five miles, by rail, north of Aberdeen ; and about seven 
miles to the west of them, at Cairnegall, are those sup- 
plying the finest blue-grey variety. A granite showing 
a fine dark-blue colour and well-marked grain when 
polished is obtained from the old Rubislaw quarry in 
the neighbourhood of Aberdeen. This quarry furnished 
a very large proportion of the stone employed for 
building the city of Aberdeen, but its state is not now 
favourable to the production of large blocks. The red 
and pink Island of Mull granites, which are being ex- 
tensively used in the construction of the memorial of 
the late Prince Consort, now in course of erection in 
Hyde Park, are obtained from quarries at Tormor and 
North Bay, worked by the Scottish Granite Company. 
The quarry at Tormor yields the dark red, and that at 
North Bay the pink variety, and at either place ver 
large blocks may be readily obtained. The Scottish 
Granite Company, who employ about 200 men, are now 
preparing and polishing the columns for the piers/of 
the new Blackfriars-bridge. These columns will weigh 
40 tons each, and will be the heaviest ever made in 
Scotland. They are to be made in sections, not from 
any difficulty having been experienced in obtaining 
blocks of sufficient size, but from the difficulties and 
risk which would have attended the removal of such 
large masses from the polishing works to their ultimate 
destination. Whilst speaking of these difficulties, how- 
ever, we may mention that, in the course of the discus- 
sion which followed the reading of Mr. Muir’s paper, it 
was stated that four blocks, each weighing 60 tons, 
had been supplied by the Scottish Granite Company for 
the Albert Memorial in Hyde Park. The cost of the 
crane employed for lifting these blocks was 650/., 
whilst the whole cost of the mechanical arrangements 
provided was 1500/. It has been proposed to bring a 
still larger block from Mull for the Albert Memorial, 
this block being 150 ft. long, and being estimated to 
weigh 700 tons. Its removal, however, is, we believe, 
not yet decided upon. 

At Kirkmabreck are situated some extremely fine 
quarries, belonging to the Liverpool Dock: Trustees, 
which furnish stone which is excellent for engineering 
purposes, but is unfitted for polishing, on account of its 
light colour. About thirty miles to the eastward of 
Kirkmabreck is Craignar, a hill from which, amongst 
other sources, a large quantity of the stone used for 
the embankment on the north side of the Thames has 
been obtained. The best granites for polishing are 
those which, when polished, show a darker colour than 
before, and which are also free of black spots. The 
value of the stone varies greatly, rubble: being with 
difficulty sold at some quarries at the price of 1s. per 
ton, whilst some of the finer granite blocks fetch 10s. 
per cubic foot. 

In quarrying for granite, large quantities of worth- 
less stone or overlying soil have sometimes to be re- 
moved before material of good quality is arrived at. 
Granite is found in masses, separated by natural divi- 
sions; and, in commencing a quarry for its excavation, 
care has to be taken that it is so situated with regard 
to the “lay” of the rock, that the masses above men- 
tioned are inclined away from the working face. If 
the masses incline forwards, they will fall as they be- 
come loosened, and bury the men engaged upon the 
work. The blocks of stone are separated either by 
wedges or by blasting. It is desirable to employ the 
latter means as rarely as possible, as it sometimes 
shatters the stone in directions where it is not required, 
producing great waste, At the Kirkmabreck quarries 
above mentioned, where the’ stone lies favourably for 
detachment, no powder is ever used; but it is impos- 








sible to dispense with it entirely in all quarries, 


Granite blocks are shaped by masons into the form 
required much in the same manner as softer stones, 
the time required for the operation, however, being of 
course greater. If the surface is to be “ fine-axed” 
but not polished, it is finished by means of a hammer 
composed of a number of strips of steel firmly bound 
together, each strip being dint zsin. thick. The 
edges of the strips are placed in the same plane, and a 
tool is thus formed with which the workman gives the 
stone a series of taps or blows at right angles to its 
surface, thereby smoothing it and removing the marks 
left by the single axe, the blows with which are struck 
obliquely. Slabs are produced by sawing a block of 
granite. The process is an exceedingly slow one, the 
progress of the saw being only at the rate of about 
+in. in a day of ten hours. To polish granite, it is 
first rubbed with an iron tool supplied with sand and 
water, afterwards with emery, and finally with putty 
and flannel. Machines, such as lathes, waggons, and 
pendulums or rubbers, are employed for polishing 

lain surfaces or mouldings, but carved parts or sur- 
faces, which are divided into small parts at different 
levels, have to be finished by hand-polishers. 

The lathes, which are used for polishing columns and 

similar work, support the block to be polished, and 
cause it to revolve, between points at each end as in 
an ordinary lathe. Iron castings, shaped to fit the 
column, are placed so that they rest upon its upper 
side, the weight of these, together with the supply of 
sand and water, emery or putty, being suflicient to 
effect the polishing required. During the last stages 
of the process, when the emery and putty are snes 
flannel is interposed between the irons and the 
column, but during the earlier stages they are used 
bare. For polishing flat surfaces, either the waggon 
or the pendulum is employed. ‘The waggon runs upon 
rails, the block or slabs to be polished being placed 
upon its upper side, Above the surfaces to be 
polished are placed perpendicular shafts, carrying at 
their lower ends rings of iron, which rest upon the 
stone and, as the shafts revolve, rub upon it. The 
waggon has a to-and-fro movement on its rails, and it 
thus brings all parts of the stones successively under 
the action of the rings. The pendulum is a frame 
hinged from the roof of the workshop, and provided 
with iron rods moving horizontally, To these rods are 
attached loosely pieces of iron of a shape corresponding 
to that which it is desired that the piece of stone 
which is being polished shall assume when finished. 
The piece of stone to be acted upon is firmly fixed 
upon the floor of the workshop, under the pendulum, 
and thus, when the latter is set in motion, it is sub- 
jected to the action of the pieces of iron above men- 
tioned, which are dragged over its surface. 
The durability of granite renders it well adapted for 
monumental purposes and, if advantage be taken of 
the great variety of the colours possessed by the stones 
from different localities, it can be used for buildings 
without producing any heavy or sombre effect. 
Polished granite is now being largely used for archi- 
tectural ornamentation, with excellent results. In 
applying this stone, it is advisable that the cireum- 
stances under which it is to be used should be care- 
fully considered. Thus, where it is likely to be sub- 
jected to close examination, a stone of a finer grain 
may be employed than when it is to be seen only 
from a distance. Under the latter circumstances Mr. 
Muir observed that he had seen granite columns which, 
from the smallness of the grain, had only the appear- 
ance of zinc. In the course of the discussion which 
followed Mr. Muir’s paper, it was stated that the 
cost of polished granite flooring, formed of slabs of 
various colours, would be about 12s. 6d. per square 
foot, this price being little influenced by the thickness 
of the slabs. The scaling of granite, which has been 
sometimes noticed, is considered by Professor Tennant 
to be due to the “ starring” of the stone by the blows 
of the tools during the process of shaping, and this is 
corroborated by a specimen of Egyptian granite in 
the British Museum, in which the outer part has 
peeled off, showing where the tool had bruised the 
stone to a depth of, in some cases, $in. Decomposi- 
tion is also sometimes caused by the presence of iron 
pyrites within'the stone, the oxide of iron expanding 
and producing cracks. The presence of an excess of 
alkali in some kinds of granite also leads to decay, and 
some of the Devonshire and Cornish varieties become 
destroyed from this cause. If the stone be properly 
selected, however, there is little cause for fearing 
the decay of granite. As regards its durability under 
traffic, it may be mentioned that the paving-stones of 
London-bridge have been found to wear away only at 
the rate of fin.in four years—an exceedingly small 
wear under the circumstances. 
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AMERICAN BLAST FURNACES. 


Wirt ninety miles of Philadelphia is the pict ne val- 
ley of the Lehigh, a mountain stream as large as the Thames, 
and having canals and locks (one of the latter having the unpre- 
cedented lift of 30 ft.) to facilitate navigation, while there is also 
the Lehigh Valley Railway, now possessing a great and growing 
traffic. In and near the valley are very extensive beds of a 
hard pure anthracite coal, and also of brown hematite iron ore. 
The coal is in seams occasionally 10 ft., and in one case 14 ft. 
thick, it has a smooth fracture, a splendant metallic lustre, and 
contains from 86 to 88 per cent. of carbon; while some of the 
Pennsylvania coal, from Pottsville, contains as much as 94 per 
cent. The brown hematite yields 45 per cent. of iron, ont is 
raised and moved at but little cost, the extensive ore beds being 
now intersected with railways. 

In the Valley of the Lehigh are now a considerable number of 
large anthracite furnaces, twenty-five perhaps, turning out from 
8000 to 12,000 tons of iron each yearly. The largest works are 
those-of the Lehigh Crane Iron Company, established under the 
management of Mr. Thomas, who went, in 1839, from Ynis- 
cedywyn, in South Wales, where, by the application of the hot 
blast, George Crane first succeeded in the use of anthracite coal 
in the blast furnace. The Lehigh Company, when we were 
there, had five furnaces. Just across the river, at a place 
named Hokendaqua (from the Indian), are the four furnaces of 
the Thomas lron Company, among the largest and most produc- 
tive in America, and, until recently, in the whole world. Ve 
clear plans and sections of these furnaces are given in Dr. Percy’s 
book on iron and steel, whence, with the doctor’s permission, we 
have re-engraved them. We should call attention, however, to 
the fact that the scale appended to the plates in the work in 
question is incorrect, since it gives dimensions considerably too 
small, not only of our own knowledge, but smaller than are set 
down in the letterpress of Dr. Percy’s book itself. 

In design and detail, and in some respects of working, these 
furnaces present an extraordinary contrast to English practice. 
Their great external dimensions, due to the square tower and 
the internal passages giving access to the tuyeres, and their loft 
arched platform carrying the boilers and heating stoves, with 
high chimneys for the waste gases, produce a most striking, if 
not, indeed, a noble effect. All the furnaces have 18 ft. boshes; 
the two older furnaces are 60 ft. high to the metal ring, and 
have 9 ft. hearths, while the two furnaces built in 1860 are 55 ft. 
high, but have 10 ft. hearths. The mass of masonry forming 
the tower of each furnace is no less than 50 {t. square at the 
base, falling in gradually towards the top. This great pile of 
stonework may be said to surround an ordinary brick furnace, 
but we confess ourselves unable to explain why, unless it be 
because of the great strength of the blast, such a massive pro- 
tection is necessary. We do not suppose it is because of the 
severity of the winter climate, for although the mercury in 
February may be 15° below zero, or 47° of frost, it would be an 
easy matter, by a slight external casing and an enclosed air 
space, to obtain any required protection against the cold. It 
will be seen that within the bottom of this tower is a lofty 

sage, extending entirely around the real furnace, the circuit 
bein about 80 ft. Within this passage the blast pipe and tuyeres 
are fixed as shown, three in each of three arches, resides one ou 
each side of the dam-stone. A corresponding circular flue at the 
top collects the gases from a number of openings near the top of 
the cylindrical body of the furnace, and two exits let off the 
respectively to the stoves and the steam boilers. There is nothing 
very remarkable in the form of the boshes, the whole interior, 
although higher, being much of the form and proportions of the 
furnace at Russell’s Hall, in South Staffordshire, which has 
boshes of 16 ft., and a hearth of 9ft. The Thomas furnaces, 
with their large hearths, are, as shown in the sections, blown 
with eleven tuyeres, of from 3}in. to 4 in., and the pressure of 
the blast is no less than 83 Ib. per square inch in the older fur- 
naces, and 10 Ib. in the pair built in 1860, while instances have 
occurred in which, with one or more tuyeres obstructed or laid 
off, the enormous pillar of blast of 12 1b. per square inch has been 
carried! This may account, perhaps, for the great thickness of 
the masonry tower, for what with the initial pressure and the 
immense expansion of the air on entering the furnace, under a 
column of 50 ft. of dense materials, the strength required to re- 
sist bursting must no doubt be considerable. The tuyeres, it 
will be seen, enter low down, and are often blowing into the 
cinder. 

Professor Lesley has given the working of one of the older 
furnaces, blown at the time with 73 1b, of blast, heated to 630°, 
as follows: For 186 weeks in blast the production was 16,057 
tons of No. 1, 27,418 tons of No. 2, and 2724 tons of No. 3 iron; 
being an average for the whole of 248 tons per week. On one 
occasion (not mentioned by Professor Lesley) one of-these fur- 
naces made 8514 tons in a single week, and the pair made 605 
tons. The regular production of the new furnaces is 300 to 
350 tons weekly. In the statement by Professor Lesley the 
charges for each ton of pigs cast were as follows: coal 1 ton 
19 cwt. 3qr. (or, say, 2 tons), ore 2tons 2 cwt. 1 qr., and 
limestone 1 ton, 9cwt. 1 qr. ‘The cinder run out per ton of 
iron was 1 ton 15 cwt. 2qr. The quantity of blast used 
per ton of iron made was 810,352 cubic feet. After 186 
weeks’ turn in blast the lining had worn down, very 
uniformly however, to 4 in. thickness, and two holes had burnt 
through, allowing an escape of gas, so that the furnace had to 
be blown out. 

It is the general custom in American anthracite furnaces to 
heat the blast by the waste gas, as is done at Blaina, South 
Wales. Dr. Percy gives drawings of the stoves used at the 
last-named works. No stoking is necessary, and, no matter how 
cheap coal slack may be, there is a considerable saving. One 
old man at Blaina managed the whole blast-heating apparatus, 
and a younger man, no doubt, does the same at Hokendaqua, in 
the case of the furnaces shown in our illustrations. In the 
Blaina heating stoves a small open fire is kept up just at the 
mouth of the gas-pipe, so that should any air get to the gas the 
explosive commend may be burnt off quietly. We do not 


recollect of hearing of any explosion of gas-heating stoves in 
the States, but Dr. Percy saw the effects of one at Dowlais. 
The waste gas goes equally to the heating stoves and to the 


twelve for the pair, set upon the platform of the lofty viaduct- 
like structure between the furnaces, and which is 50 ft. wide. 
The boilers are 3 ft. in diameter and 80 ft. long, and have each 
a lower supplementary water-chamber, or heater, 2 ft. in dia- 
meter and 60 ft. long, something upon the plan of the elephant 
boiler. There is a fire-grate to each set of six boilers, on which 
a fire may be started if the supply of gas is insufficient, or from 
any cause interrupted. The waste gas, after it has been cooled 
under the boilers, finally escapes through two lofty funnels or 
chimneys of sheet iron, 6 ft. in diameter, and rising nearly 100 ft. 
from the ground. 

The blast for each pair of furnaces is blown by a single cylin- 
der engine. That for the newer furnaces occupies an engine- 
house in the Italian style of architecture, and of a design fit for 
a public office or metropolitan lecture-hall. It is 33 ft. wide, 
and nearly 50 ft. high. The blowing engine has a single steam 
cylinder, 5 ft. Gin. bore and 10 ft. stroke, the blowing cylinder 
having a diameter of 9ft., and a stroke of piston of 10 ft. The 
working pressure is 50 lb. per square inch, and as there is always 
more than enough gas for heating, no economy is attempted by 
expansion, so that, taking the vacuum, the effective pressure 
upon the piston is about 55 1b. per square inch over the whole 
stroke, and as the engine makes twenty double strokes or 400 ft. 
of piston per minute, the actual power exerted is upwards of 
2000 horse power. 

The beam of the engine, made in two flitches, is 30 ft. 10 in. 
between its working centres, and 7 ft. deep; but it is prolonged 
3 ft. Lin. at the steam end, the cross pin for the pair of con- 
necting rods being 18 ft. 6in. from the main centre. The fly- 
wheel shaft is supported in plummer blocks on the bed plate of 
the engine, just in front of the cylinder, and but a few inches above 
the stone foundation. The main plummer blocks of the beam rest 
upon a square, hollow, cast-iron tower in the Egyptian style, and 
weighing of itself 33 tons. Each flitch of the beam is 1% in. 
thick, the flange being 10 in. wide and 4 in. thick. The cast-iron 
main centre is 10 ft. 2 in. long, with gudgeons 20 in. in diameter 
and 24in. long. The end pin in the beam from which the pair 
of connecting rods work is of wrought iron, 12 ft. 6in. long, 
13 in. in diameter, and has journals for the connecting rods om 
9 in. in diameter and 10 in. long. There is a pair of flywheels 
each 27 ft. in diameter, and weighing each 80 tons. The 
wheels run one on each side of the cylinder, and are keyed 
to a 20in. wrought-iron shaft. The pair of connecting rods 
take hold of pins, one on the outside of each flywheel, the 
rods being 31 ft. apart at centres, Gin. diameter at the necks, 
and 9in. at the middle. They are furthermore trussed in 
the direction of the plane of motion, after the manner of the 
connecting rods of American steamboat engines. 

The steam cylinder has double-beat steam and exhaust valves, 
the former, in pairs, 14 in. and 13in. in diameter, the latter 
15 in. and 14in. in diameter. The main shaft revolves just under 
the valve casings, and is fitted with cams instead of eccentrics, 
and the valves are worked direct by rods, riding by means of 
8 in. rollers at their lower ends, directly upon the cams. The 
cams have only to lift the valves, which close by the slight 
downward preponderance of steam pressure due to the difference 
in their areas in each pair, assisted also by their weight. 

The top and bottom covers of the blowing cylinder are grid- 
ironed, so that more than seven-eighths of their entire area is 
either inlet or outlet opening for the blast. The valves are of 
leather, and are hinged at one side, and have thin sheet-iron 
backs. There are twenty-seven large inlet valves in each cylin- 
der cover, each divided into a great number of small openings, 
The blast receiver is 10ft. in diameter and 40 ft. high, into 
which is blown 25,000 cubic feet of air per minute at the 
ordinary rate of working. ‘The whole weight of the engine, 
exclusive of the boilers and blast receiver, is 290} tons. 








TANK ENGINES WITH RADIAL AXLE- 
BOXES. 

Amonest the various classes of locomotive engines 
specially designed for working the local traffic on the 
lines in the neighbourhood of the metropolis are the 
tank engines, fitted with Mr. W. B. Adams’s radial axle- 
boxes, which have been recently constructed for the 
Great Northern and the London, Chatham, and Dover 
Railways. These engines are employed for working 
trains between Hitchin and Ludgate-hill, and also to 
the Crystal Palace vid the high level line, and they 
have to surmount at the Metropolitan junction a gradient 
of 1 in 36, passing at the same time round a curve of 
300 ft. radius. Up the incline just mentioned, they 
can take a train weighing over 120 tons. 

The engines have three pairs of wheels, the leadin 
and driving wheels being 5 ft. 6in. in diameter, an 
coupled, and the trailing wheels 4 ft. in diameter. The 
leaden and driving wheels are placed under the barrel 
of the boiler, and are 7 ft. 6in. apart from centre to 
centre ; the centre of the driving axle being 1 ft. 8 in. 
in front of the firebox casing. The trailing wheels 
are behind the firebox, and their centres are 11 ft. 9 in. 
from those of the driving wheels, making the total 
wheel base 19 ft. 3in. ‘he trailing axles, which are 
fitted with Mr. W. B. Adams’s radial axle-boxes, have 
bearings 1 ft. 4 in. long, by 6 in. in diameter, with cen- 
tral collars 7} in. in diameter and 2 in .wide, instead of 
the usual shoulders and end collars. ‘The bearing 
brasses, which are also furnished with central collars, 
are fitted into cast-iron axle-boxes working between 
curved rubbing pieces. The rubbing pieces and the fore 
and aft sides of the axle-boxes, instead of being flat and 
parallel to the axle as is usually the case, are curved 
to an are struck from a point on the centre line of the 
engine, and 7 ft. within the trailing axle; and the axle- 





boilers. Of the latter there are six for each 


furnace, or 


boxes have a transverse play allowed them of 2 in. on 





each side of their central position. As this movement 
takes place to either side by the pressure of the wheel 
flanges against the rails, when the engine enters a 
curve, the axle takes a position pointing to the centre 
of the curve, and at an angle with the driving axle, re- 
gaining its normal rectangular position when the en- 
_ is on a straight line. From investigations made 

y Mr. Wm. Adams, when the radial axle-boxes were 
applied to one of the North London engines, it was 
found that the point from which the ares of the axle-box 
sides and guides should be struck should be situated 
midway between the centre of the axle which was to 
have the radial movement and a point halfway between 
the centres of the fixed axles. In the case of the en- 
gines which we are describing, this rule would fix the 
1] ft. 9in. + 3 ft. 9 in. 





centre of the ares at a point 


=7ft. 9 in. within the centre of the trailing axle ; but, as 
we have already mentioned, the centre from which the 
curves of the axle-boxes are really struck is only 7 ft. 
from the axle, the radius, measured to the centre of the 
axle-boxes, being 7 ft. 9 in. 

The engines have double frames, and the leading and 
trailing axles have outside bearings only. The drivin 
axle has both inside and outside bearings, and it an 
the leading axle are coupled by outside cranks. The 
springs are all placed above the frames and, except in 
the case of those belonging to the inside bearings 
of the driving axle, their links are all fitted with 
auxiliary springs of india-rubber. The spring pins of 
the trailing springs rest on brass shoes 6in. in dia- 
meter, which, in their turn, bear upon flat surfaces on 
the tops of the axle-boxes, and the latter are thus free 
to move transversely. The inside frames of the en- 
gines are 4 ft. 1 in. apart for the greater part of their 
length, but at the trailing end they are brought nearer 
together, so that they do not interfere with the side 
traverse of the trailing wheels. The frames are con- 
nected by two transverse plate stays between the fire- 
box mn smokebox, and one behind the firebox, as 
well as by the buffer beams, which are of wood. 

The cylinders, which are inside, are 16} in. in 
diameter, with 22in. stroke, and are placed at a dis- 
tance apart of 2 ft. 6 in. from centre to centre. The 
barrels of the boilers are 9 ft. 10 in. long, and 4 ft. in dia- 
meter ; they are made with lap joints, and are united 
to the smokebox tube-plates and firebox casings by 
angle-iron rings. The firebox casings are 5 ft. long, 
and their tops, which are raised above the barrels, are 
struck with a radius of 2 ft. 4in. from a point 2 in. 
above the centre line of boiler. Their depth below 
the centre line of the boiler is 4 ft. 6 in. at the front, 
and 2 ft. 1lin. at the back. The inside fireboxes have 
an average length inside of about 4 ft. 34 in., and an 
average width of about 3 ft. 4 in.; their height is 5 ft. 
34 in. at the front, and 3 ft. 84in. at the back. The 
boilers each contain 191 tubes 14 in. in diameter, these 

iving a heating surface of 940 square feet; the fire- 
Fox surface is about 80 square feet, making the total 
heating surface about 1020 square feet. e engines 
are worked at a maximum pressure of 1601b. per 
square inch, 

As the engines have to work through a portion of 

the tunnel of the Metropolitan Railway, they ‘are each 
fitted with an arrangement similar to that of the 
Metropolitan engines, which have been already 
described in this journal (vide ENGINEERING, page 
218 of the present volume), by which the exhaust 
steam can, when desired, be discharged upon the sur- 
face of the water in the tank. The water 1s carried in 
a tank placed above the trailing wheels, this tank be- 
ing capable of containing 1000 gallons of water—a 
quantity sufficient for a run of 35 miles. The width 
of the tank is limited by the trailing springs, which, as 
we have already stated, are placed above the footplate ; 
by arranging them below the footplate level, however, 
as might easily be done, the width of the tank might be 
increased, if required. 
As shown by the time-bills, the engines have to run 
at the rate of fifty miles per hour during a portion of 
their journeys, and this they are found to do with great 
steadiness, whichever end may be foremost. The first 
ten engines of this class placed upon the Great Nor- 
thern line, were built by the Avonside Engine Com- 
pany, better known as Messrs. Slaughter, Gruning and 
Co.; and these worked so satisfactorily that ten more 
have been ordered from the Avonside Engine Company 
and from Messrs. Neilson and Co., of Glasgow. In 
addition to these, several engines with radial axle-boxes 
have been sent abroad, and ~— about eighty 
have been made and ordered. The weight of the 
engines which we have been describing is 39 tons in 
running order, this weight being 





7 y distributed, 
13 tons on each pair of wheels. hen the tank is 
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empty, the weight on the driving wheels is only affected 
to the extent of 3ewt. We may mention here that it 
has been proposed by Mr. W. B. Adams to construct 
tank engines of a somewhat similar class to those 
above described, but with another pair of radial wheels 
in front of the smokebox, the total wheel base being 
increased to 31 ft., or 9 ft. more than that of the 
original eight-wheeled engine with radial axles built by 
Mr. Cross for the St. Helens line. This extra pair of 
wheels would allow a tank to be placed in front of the 
smokebox, provision being of course made for obtain- 
ing aceess to the tubes, and the quantity of water ae- 
commodated might thus be ae equal to that 
earried by a tender engine. 


PETIN, GAUDET, ET C™. 

Tne various establishments belonging to MM. Petin, 
Gaudet et C® rank amongst the most important 
upon the Continent. They comprise, besides the 
original works founded at Rive-de-Gier in 1840, those 
at Saint-Chamond added in 1847, those at Assailly 
and Claviéres annexed in 1854, and those at Givors 
added in 1862. There are also in connexion with 
them an iron mine at Saint-Léon, near Cagliari, in 
Sardinia, and charcoal-furnaces at Toga, in Corsica. 

The works at Saint-Chamond, which are under the 
direction of M. Bergeron, are the largest belonging to 
the company. They contain sixty-three puddling fur- 
naces, together with the necessary hammers and rolling 
mills for the conversion of the iron into bars. The 
productions for which these works are most celebrated 
are tyres and armour-plates, and the greatest care is 
taken in the selection of the iron from which they are 
made. The piles for the tyres are composed of an 
inner ring, around which are arranged wedge-shaped 
pieces which form the outer part of the tyre, these 
yieces being of hard iron. This pile is heated and 
Latetieed in a mould under a steam hammer, and is 
then reheated and hammered round and round. The 
ring is afterwards placed against a vertical plate, four- 
fifths of the upper part of the circumference being left 
free, or merely held lightly by a couple of pins which 
can be approached or withdrawn by a single screw. 
The lower part of the ring is pressed against a convex 
mould by a roll which, as it revolves, effects the 
enlargement of the tyre, and at the same time causes 
its exterior to assume the proper shape. The tyres 
made at Saint-Chamond are well known on the Conti- 
nent. MM. Petin, Gaudet et C’* are probably best 
known in this country as manufacturers of armour- 
plates, their plates having been several times tested 
against those of English makers. At Saint-Chamond 
the plates are worked up from the original bars into 
slabs of a trapezoidal section, and these, being arranged 
in piles, are rolled into plates from 14 to 1} in. thick. 
These plates are afterwards re-piled, and rolled into 
armour-plates of the thickness required, The armour- 
plates are trimmed, when hot, by means of a circular 
saw, and they are are afterwards bent to their required 
form by means of the steam hammer and hydraulic 
press. The machinery for planing the edges and boring 
the holes for the bolts is similar to that used in this 
country. Besides the tyres and armour-plates, rails 
and heavy angle irons, &c., are produced at Saint- 
Chamond, and these works also furnish a part of the 
bars which are converted into steel at Assailly. 

At Toga the works comprise four furnaces and five 
refineries ; there are employed at them about 300 
workmen, in addition to the woodeutters and charcoal 
burners employed in the preparation of the charcoal. 
The establishment at Givors includes three coke fur- 
naces, twelve puddling and three reheating furnaces, 
besides three rolling-mills and other appliances ; whilst 
the works at Clavitres comprise three blast furnaces 
worked with wood, nine refineries, a foundry, and small 
rolling-mill. 

At Assailly, which is situated upon the Bourbon 
Railway, about 4} miles from Saint Chamond, is carried 
on the manufacture of steei. The works are under the 
direction of M. Bonnaissés, and the iron employed at 
them is strictly examined and sorted into different 
classes for different purposes. Part of the steel is 
produced by cementation, the blister steel from the 
cementing furnaces being melted in crucibles made of 
refractory clay obtained from the neighbourhood of 
Clermont. The crucibles contain about 53 Ib, -of 
metal each, and are heated in reverberatory furnaces 
each accommodating nine crucibles. The metal from 
the crucibles is emptied into a large ladle, and thence 
run into the moulds, these latter been made of sand 
apes by a secret process. The Bessemer process 
1s also used for the manufacture of steel, and is found 
to give very good results. The metal is received from 





the converters and transferred to the ingot moulds, 


which are arranged in a semicircle, by a ladle moved 
by a hydraulic press. The works at Assailly are fully 
furnished with the necessary hammers and rolling-mills 
required for the after-treatment of the steel ingots, and 
the material is supplied by the establishment in forms 
suitable for all purposes. The workshops at Lorette are 
connected with those at Assailly: they contain twelve 
puddling-furnaces, two rolling-mills, and a shop de- 
voted to the construction of springs for rolling stock. 
At Rive-de-Gier there are also, as we have already 
stated, works belonging to MM. Petin, Gaudet et 
C'*.. These include amongst their plant fifteen large 
steam-hammers, and at them is conducted the forging 
of large shafts for steamboats and other heavy work. 

The iron mine of MM. Petin, Gaudet et C’*, at 
Saint Léon, in Sardinia, is, as we have already men- 
tioned, near Cagliari. It is situated nearly 9} miles 
from the sea, and its workings have developed a large 
vein of the magnetic oxide of iron, of a quality re- 
sembling that of Dannemora in Sweden. A railway, 
about 93 miles long, connects the works with a port 
valled Ja Maddalena, situated at the western point of 
the Bay of Cagliari, and furnished with a jetty, at 
which the mineral from the mine can be loaded into 
the vessels by which it is taken to Corsica or the 
Continent. The works at Saint Léon employ about 
250 workmen. Altogether, the establishments of MM. 
Petin, Gaudet et C* give employment to more than 
6000 men—a sufficient indication of their extent and 
importance. 








UNCOVENANTED SERVICE FAMILY 
PENSION FUND. 

Even were there no other benefits in connexion with 
the service of civil engineers under the Government 
of India, it must be admitted that the existence, in 
connexion with that service, of such an institution as 
the Uncovenanted Service Family Pension Fund, by 
subscribing to which any member may ensure a pro- 
vision, in the event of his death, for the maintenance 
of his widow and children, must be no small attraction 
in the eyes of a provident person. Although this fund 
is under the patronage of the Governor-General in India, 
yet has it no actual connexion with, as emanating from, 
or being subsidized by, the Government; the manage- 
ment of it is vested in a committee of thirteen directors, 
elected at the annual general meetings of members. 

All Christian men in the uncovenanted service of 
Government in the Presidency of Bengal (including the 
North-western Provinces and the Eastern Settle- 
ments), including section writers and uncovenanted 
pensioners, not being under the age of eighteen or 
above the age of seventy, are eligible as subscribers. 
Bachelors and widowers who may subscribe to the 
fund are considered as donors; but in the event of 
their subsequently becoming subscribers, such dona- 
tions will be adjusted to their credit with reference to 
age and the amount of annuity required. All moneys 
received by the officers of the fund are sent daily to 
the Bank of Bengal, where they are deposited in the 
name of the directors, and at the end of every fortnight 
the accumulation is transferred to the General ‘I'reasury 
of the Bank of Bengal by cheque signed by the ac- 
countant and collector, the secretary and two directors. 

The amount of subscriptions to this fund is regulated 
according to the relative ages of the subscriber and the 
party for whose benefit his subscriptions may be made : 
thus, in order for a husband to secure a monthly 
pension of 10/. to his wife, in the event of her becom- 
ing a widow, by referring to table A of the rules, we 
find that the lowest rate is when the husband is 
eighteen and the wife twenty-eight years of age, the 
subscription in that case being 2/. 10s. 6d. a month, 
and the highest rate when they are of the respective 
ages of seventy and forty years, the monthly rs va 
tion being then 10/. 18s. 73d. Table B shows the 
monthly payments according to a diminishing scale of 
rates, necessary to secure a monthly pension of 1/. 12s. 
to a boy, from his father’s death, till his attainment of 
the age of eighteen years; the payments decreasing 
with the age of the boy, and increasing with the age of 
the father at the boy’s birth. Table C gives a list of 
monthly payments necessary to secure a monthly 
pension of 1/. 12s. to a daughter, from her father’s 
death till her death or marriage ; and table D shows the 
monthly payments, to continue throughout the tempo- 
rary co-existence of father and son, during the son’s 
minority, which will provide a pension of 8/. per month 


twenty-one years, during which he may happen to sur- 
vive his father. 





The maximum amount of annuity under table A 





to the son, for that period of his life under the age of 


which may be subscribed for is not allowed: to exceed 
15/. per month, under tables B and C not exceeding 
5/., and under table D not exceeding 8/. per month for 
each nominee, provided always that in no case under 
tables A, B, and C shall the aggregate amount of 
annuities subscribed for by one individual exceed 30/7, 
per month, and the maximum amount of annuities sub. 
scribed for under any or all of the tables A, B, C, and D, 
and depending on one life, shall in no case exceed 48). 
per month. 

Fathers will also be allowed to subscribe for annuities 
for daughters who may be afflicted with mental or 
severe bodily infirmity which renders them ineligible 
for marriage, and for widowed daughters who may not 
already be incumbents on the fund, also for boys who 
may be labouring under mental or bodily infirmit 
which incapacitates them from earning their livelihood 
at the same rates of subscription, under the existing 
rules of the fund, as are required by the table A for a 
wife of the same age. 

The capital of this fund now amounts to above 
200,0007. A valuation is from time to time made of 
the assets of the fund, and any available surplus of 
income is devoted towards making reductions in the 
premiums paid by subscribers. 

Considering the rate of pay given by Government to 
civil engineers in their service, and the great expense 
of living in many parts of India, when compared with 
this country, it is not to be supposed that any could 
afford, out of their salary, to lay by much for the pro- 
vision of their families in the event of their death. The 
existence, therefore, of the Uncovenanted Service 
Family Pension Fund, whereby such provision may be 
secured at a moderate monthly pr is at once a 
boon and a credit to the service by which it was esta- 
blished and is now independently supported. 








Tue tast Resource.—A certain John Clare, of 
Liverpool—a maker, we believe, of casks—took out a 
patent, some years since, for an illeged improvement in 
the construction of iron ships. He proposed a certain 
arrangement of iron, but his proposal was by no means 
original. When the Warrior was built and at sea, it 
occurred to him to bring the famous action of Clare ». 
the Queen. He was beaten, after a most patient hear- 
ing, and, as we are convinced, after a most careful ex- 
amination of his claim, upon just grounds involving no 
suspicion of official or other improper obstruction. 
As soon as he was beaten, the plucky Clare formally 
demanded of the Queen the removal of the Lord 
Chancellor and of her Majesty’s legal advisers from 
office, for perjury or conspiracy, or something of the 
sort, and he has actually brought up Sir Charles Fox and 
Mr. John Scott Russell to answer to charges of perjury 
in their evidence given on the trial. Mr. Carpmael 
is, we believe, to be the next object of Mr. Clare’s 
attentions. After Mr. Clare has done his little utmost 
—for his case was a contemptible one from the first— 
who will come forward and kindly turn the gentle in- 
fluences of the law upon him for malicious proseeution ? 
It is easy to bring charges of perjury. In a late case, 
Goucher v. Clayton, the plaintiff, who had a patent for 
the corrugated beaters used in thrashing-machines, 
felt dissatisfied with Messrs. Clayton and Shuttleworth’s 
evidence. So he laid charges of perjury, and had them 
both arrested and locked up in gaol for three days, 
bail, it appears, being out of the question. As both 
the gentlemen were justices of the peace, and one of 
them the lieutenant for the county of Lincoln, to say 
nothing of their position as the leading makers of 
agricultural engines in the whole world, this abrupt 
style of arrest and imprisonment was somewhat remark- 
able. We think that Goucher might be induced, 
under the persuasion of a court and a sheriff, to try a 
few days in jail by himself; for when the hearing in 
respect of his proceedings is concluded, we have no 
doubt it will be found that he went just a step too far. 
The opponents of patents will find a strong point in 
the instances of Clare and Goucher. By-the-way, we had 
always thought that the “ corrugated’beaters” of thrash- 
ing-machines were originated by William Hensman, of 
Woburn, Beds, his improvement being known as the 
Vandyke beaters. 

Tux CiGar SHiP.—Captain Beadon, of the Navy, who hada 
patent for screw propellers with conical bosses projecting beyond 
the hull of the ship, applied some time ago for an injunction to 
prevent the use of the propellers now fitted to the Ross Winans. 
Captain Beadon’s patent is vaguely described, and although it ex- 
pires in December of this year, its subject has never been tested in 
practice. The Vice-Chancellor very justly refused to grant an 
injunction, leaving the patentee to contest his claim in an 
action for infringement. ‘The Messrs. Winans are making very 
extensive trials with various forms and pitches of ropellers, 
before sending their new ship to sea. Mr. W. Louis Winans 1s, 
at present, in Russia, but on his return the first sea voyage ot 





the new ship will take place. 





: 
| 








June 1, 1866.] 


ENGINEERING. 





361 








GRAPPLING IN DEEP WATER. 


For many years the operations of grappling and 


repairing cables were limited to localities with depths | ? 


of water not exceeding 40 fathoms. In 1859 the 
Malta and Cagliari cable was grappled up and re- 
paired in 160 fathoms; in 1861 the end of a cable 
which had run short between Otranto and Corfu was 
grappled up in 450 fathoms; and in 1864 the end of a 
ae lost between Avlona and Otranto was grappled u 
in 560 fathoms. It must be understood that in all 
these cases the cable lying at the bottom of the sea 
was grappled for and lifted, by means of the grapnel- 
rope, to the surface in these depths. Cables have been 
“picked. up” (that.is, wound in) by obtaining and 
cutting the cable first. im shallow water, into depths of 
800 fathoms, and by stopping the paying out, where a 
fault has occurred, and “picking up, even in 1700 
fathoms; and the Atlantic cable was thus “ picked up” 
for some miles in 2000 fathoms. There is good reason 
to believe also that the Atlantic cable last year was 
actually hooked and raised off the ground in 2000 
fathoms. 

The grappling of cables in these depths of 450, 560, 
and 2000 fathoms fully bears out. opinions expressed,in, 
1860 before the joint committee on telegraphic eables, 
that depth of water does not increase much the diffi- 
culty of catching hold of a eable, although it adds 
greatly to the danger of breaking-the cable in attempt- 
ing to lift it to the surface. Thus, the following evi- 
dence was given before the Submarine Telegraph Com- 
mittee, by Mr. F. C. Webb, 24th August, 1860 (see 
page 265): 

“ 4619. What is the greatest depth in which you 
have grappled up a cable and lifted it to:the surface? 
—160 ae That was in the case of the Malta 
and Cagliari- cable. 
that depth. 

“ 4620. Did you find much difficulty in grappling it 
in that depth ?—I found difficulty. It took time to do 
it and great care, going very slowly ; and great care 
was requisite also im handling the ship, so as to be 
sure to dredge exactly at right angles to the cable, and 
also in feeling the instant the grapnels took the cable, 
so as to ease away the grapnel-rope, and get the ship 
eased up to the cable, so as to avoid all unnecessary 
strain. The difficulty is increased when the cable is 
laid tight, because then it will not bear lifting to the 
surface in deep water on the bight without danger of 
breaking. The difficulty depends also greatly on the 
nature of the cable. With a strong aud heavy cable 
you can not only feel the cable more easily, but you 
can handle it in heaving it up with less fear of break- 
ing it, particularly when there is any sea, wind, or tide. 
This cable, being so very light and tight, added to the 
difficulty. 

“ 4621. If you did not dredge at right angles to the 
cable, what would happen ?—You would be very likely 
to slip along it and slip off the end, if it was for an end 
that you were dredging. That is about the greatest 
depth, I think, at which a cable has been dredged up. 
Ido not know what they have done in the Red Sea, 
but I know of no other case where a cable has been 
grappled and lifted in anything near that depth. 

“4622. What is the greatest depth at which you 

think a cable could be destroyed wilfully by grapnels ? 
—I do not see any great difficulty in destroying a cable 
at 300 or 400 fathoms depth. ‘The depth of water does 
not add to the difficulty very much in the way of de- 
stroying it. It adds greatly to the difficulty of lifting 
it to the surface, particularly when the cable is laid 
tight on the pened but it does not add much diffi- 
culty to the fact of catching hold of it with a grapnel. 
A few inches of sand over a cable, or a rough bottom, 
adds a great deal more to the difficulty of grappling it 
than 100 or 200 fathoms of water. Where there is 
sand over the cable, the grapnels will not reach it, and 
where the ground is very rough you lose your grapnels ; 
but, in deep water, all you require is to use proper 
ropes and a chain at the bottom to keep the grapnel 
well down on the ground, and handle the ship and rope 
carefully, and I hardly see any limit to the depth at 
which you could catch hold of a cable, provided it lay on 
the surface, and the ground were not very rough. If 
you have only a rope down, the grapnel is liable to 
jump off the ground ; when you have a piece of chain 
near the bottom, it keeps the grapnel well down on the 
ground, and is thus more likely to hook the cable. 
_ “4623. Then you would not consider a cable safe 
in perhaps 500 or 600 fathoms against grappling for 
purposes of destruction ?—I should think it perfectly 
Ease to destroy it at that depth. I should not 
like to say what is the limit, but I certainly think that 
if a cable was lying on the surface of the ground, I 
could get hold of it in 400 fathoms.” 


Three times I grappled. it up in 





The above,evidence (which, it must he remembered, 
was given before a cable -had been grappled up ina 
greater depth than 160 fathoms) proves that it was 
foreseen even at that date that depth of water would 
not be a great obstacle to the mere grappling of a 
cable. Still, the actual demonstration of this, by the 

rappling of the Atlantic cable in 2000 fathoms by 
oo adr and Clifford, is a great step, and re- 
duces the “?_ of the great problem of repairing in 
ocean depths to the operation of sasoaectally lifting 
the bight to the surface in these depths—an operation 
which is to be again attempted this summer, and 
which will be looked forward to with the utmost inte- 


rest by all who are interested in the progress of sub-: 


marine telegraphy. 

There can be little fear of the cable becoming 
buried in these depths, and it is pretty certain that the 
bottom is soft, level, and free from rock. That the 
position of the end has been determined with ample 
accuracy is also clear, since it would be a very poor 
compliment to Staff Commander Moriarty to suppose 
that he could not determine’ the latitude within half a 
mile, and the longitude within one or two miles, 
whereas as far as actually obtaining the cable a supposed 
error of two or three miles in latitude would only 
entail somewhat longer dredges, and a supposed error 
in longitude of four or five miles would entail the 
grappling for the cable some five or six miles nearer 
shore, to make sure of grappling over the cable, and 
thus risk the sacrifice of that amount of cable when 
cutting or breaking the cable. There can be little 
doubt, therefore, that the cable will be hooked, and the 

ueries are reduced to—will it always be felt ? and, if 
elt, will it be raised ? 

What’ we fear is to be apprehended as to the first 
query is that, in endeavouring to be on the safe side 
as to strength in grappling-gear this year, the engi- 
neers may have constructed rope and grapnels of such 
weight and size as to give a cong increase on 
the constant strains caused by resistance and friction 
when dredging, and thus reduce the chance of perceiv- 
ing the extra strain caused when the cable’ is hooked. 

The original rotig 2 of the cable, however, and the 
possibility that the hemp has somewhat protected the 
ungalvanised wires give some hope that the cable may 
still have strength enough to give evidence of its pre- 
sence when hooked, before it breaks, and thus prevent 
its being dredged through without being noticed. 

The lifting of the bight is both a theoretical and 
practical question of great interest. It is, we believe, 
proposed to employ three ships to grapple and lift the 
cable almost simultaneously, the centre ship raising the 
cable first, those on either side commencing to raise 
after the cable has been lifted a certain height by the 
centre ship. 

In our opinion, the safest and most practical plan 
would be to grapple and break or cut the cable with 
a cutting-grapnel as near the end as practicable, and 
then moor a buoy at this point asa mark, which would 
denote position of end; then-grapple a mile off from 
the end for the bight. There is no doubt that a mile 
of cable would come easily over the ground, especially 
when being lifted off the ground, and thus by sheering 
the vessel judiciously towards the shore all strain 
would be Shen off the important part leading to the 
shore, except that due to the weight of a piece of 
cable hanging perpendicularly to the bottom.. There 
is no doubt that a grapnel could be easily designed 
which should prevent the cable “rendering” on it 
when hooked, and thus, even if the cable was hooked 
within half a mile of the end, it could not slip off. 
We should not be at all surprised to see. the more 
complicated attempts with three ships fail, and the more 
practical plan we have described adopted. 

By this means, if the cable was in perfect condition, 
we believe it quite possible, by careful management, to 
raise the cable, cut off the short end, and splice on. A 
danger, however, exists, which has not as yet been 
alluded to, and that is kinks, which add fearfully to the 
chance of breaking when lifting the cable. It 1s quite 
true that no kinks occur in the operation of laying the 
cable, that is, none leave the ship. The cable, when 
paid out with much slack, however, deposits itself on 
the ground in slack loops, or what sailors call “ half 
hitches,” and these are drawn into kinks in the process 
of picking up. This is perfectly well known, and, in 
picking up, cables have parted at kinks, although it 
was well known that none left the ship during paying 
out. 

It is just possible the great depth the cable has to 
sink may so distribute the slack into gentle waves as 
to prevent this occurring in the Atlantic. There ap- 
pears to be no evidence obtained on this point during 


the picking-up operations last year; for the 10 miles | this 


first picked up lay in.400 fathoms, and was, no doubt, 
laid without much slack, and would be sure, therefore, 
of being free from such loops as could be drawn into 
kinks. The length picked up on July 29 is not stated, 
but, as it was picked up in four hours, would be pro- 
bably not more than two or three miles, or little more 
than the depth of water, and consequently little, if any, 
cable that was liable to be drawn into kinks can have 
reached the surface. The length recovered on August 
2nd appears to have been still less, so that there is. no 
evidence to show that this danger, which has occurred 
‘im: pieking.wp other cables, will not occur in the 
Atlantic. It is true that as the cable, im depositing it- 
self in loops, must leave the last part of the loop paid 
out uppermost, so in picking up ftom the sea-cnd to- 
wards the shore, since the upper.part, of the loop is 
lifted first, there is less danger Nt deawcing the loop into 
a kink than when picking up from the shore seawards, 
in which case it is the under part of eadh: half hitch” 
that is drawn at first, The paddle-engines of the Great 
Eastern having been arranged so as to, anech, and 
thus allow of working one wheel .ahead and. the other 
astern, will in itself add a hundred: per cent.\safety to 
the operation of picking up or'of lifting the grapnel 
and cable, since it will allow the ship to be easily 
handled, and kept end on io wind, stream, or sea, and 
thus prevent her driving and . bringing a catenarian 
strain on the:eable. The. bow sheaves ie been, we 
understand,also rearranged,so that each sheave has sepa- 
rate shields, and thus, if the ship is even so handled as 
to bring the cable to “ grow out on the beam,” it can- 
not now slip out of the sheave, as it did last year, 
causing tlie final accident. Itisdue to other engineers 
tg state that ships have frequently before been. fitted 
out for picking up with bow sheaves so arranged that 
the accident which caused the final break last year 
could not have occurred. 

Last year the improbability of attempting to grapple 
and pick up in such depths was made the excuse for 
the inefficiency of the machinery and gear, though 
we cannot understand, if the requirement for picking- 
up and grappling gear was considered to be so remote 
a contingency as to render it inexpedient to take 
efficient gear to sea, why any gear at all should have 
been taken. ; 

A year of preparation, unlimited command of funds 
for the construction of machinery and grappling gear, 
with the expensive experience gained on last year’s 
attempts, leave the skill of those employed as the only 
element to fall back upon this time as an open question 
and alternative to impossibility, if the attempt to be 
made this summer prove also unsuccessful. 








Rattway Poricy in France.—Several French commercial 
bodies finding it difficult to compete with foreign manufacturers 
in consequence of the great expense of transporting their mer- 
chandise from one place to another, either by canal or railway, 
are petitioning the Government on the subject. The Chamber 
of Commerce of Rheims bas addressed two communications to 
the Minister of Commerce. The Chamber expresses its regret 
at the withdrawal of a bill presented to the Corps Législatif in 
1865, which proposed that a sum of 95,000,000f. should be 
granted for the improvement of canals and navigable rivers, and 
prays the minister to draw the attention of the Government to 
the necessity of completing and improving those rivers, The 
Chamber pro) that the tolls payable on canals and rivers 
shall be abolished, and the draught. of water increased. It 
further prays that railway companies shall be prohibited from 
possessing any interest in canals or rivers by purchase or other- 
wise. With respect to railways the Chamber submits to the 
minister the utility of abridging the delay at present incurred in 
loading, transferring, and discharging merchandise by goods 
‘trains. It likewise urges the minister to compel railway com- 

nies to complete their stock, and to adopt an uniform tariff 
or the carriage of merchandise throughout France, and to re- 
duce considerably the price uow paid for the conveyance of 
cattle. Should the minister accede to this prayer, the Chamber 
considers it will be very beneficial to trade in France. 

Witson’s SMOKELESS PuDDLING-FURNACES.—Mr, E. B. 
Wilson, who was for many years a leading maker of locomotive 
engines, has, for the last four or five years, been constantly en- 
gaged in the endeavour to improve the construction of furnaces, 
especially those for puddling and reheating iron.. He adopted the 

rinciple of the down draught, so as to gradually distil and 
we all the gases from the coal, thereby preyenting smoke, as 
well as obtaining the fall heating power of the fuel, mach of 
which, by the ordinary system of burning, goes to waste. We 
had occasion, two years ago, to examine one of his earliest fur- 
naces, working at Messrs. Moreland’s, in Old-street, St. Luke’s. 
Since then Ke has made further modifications of his plan, and 
has, as we learn on good authority, brought it to a high degree 
of perfection. It is now in extensive use at Messrs. Dawes’s 
Milton Ironworks, near Barnsley, where the puddling furnaces 
are working with an unusually small consumption of coal, and 
with the least production of smoke. We sball, in an early 
number, give full particulars, with illustrations, of these furnaces, 
which are likely to effect an improvement hardly less valuable, 
in its way, than that which followed the original introduction of 
the hot blast. 

Sourn AusrraLiA.—Contracts for iron bridges to the amount 
of 10,0007. are about to be given out by the agents of the South 





Aperalian railways... .The,contracts will doubtless be awarded 
week, cotta 
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THE SEVERN VALLEY RAILWAY BRIDGES. 
(For Description, see Page 367.) 
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PUBLISHER’S ANNOUNCEMENT. 
Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.m.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. Permanent 
advertisements are taken at special rates, which will be given, 
on application. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 


In consequence of the large and constant increase in the 
circulation of ENGINEERING, and the necessity of going to 
press at an earlier hour, it is impossible to guarantee the 
insertion of advertisements received after 5 o'clock p.m. on 
Thursday. 


ENGINEERING is registered for transmission abroad. 


Although alarge number of extra copies of ENGINEERING 
have been printed weekly, the demand has been such that Nos. 
2 and 4 are already out of print, with the exception of the 
copies reserved for forty complete sets for binding. These 
volumes, it is expected, will be ready for delivery by the middle 
of July, and they will be sold each at one guinea, orders being 
Jilled in the order of their receipt. This, the first half-yearly 
volume of this journal, will contain a far greater amount of 
matter of permanent value than has ever appeared in any pro- 
fessional journal within twice the same period of time. It 
will contain 444 pages, with engravings of more than one hun- 
dred of the most important engineering subjects, including steam 
engines of nearly every description, bridges, aqueducts, docks, 
piers, roofs, railway plant, gasworks, iron furnaces, and 
machinery in great variety for working iron, engineers’ tools, 
turbines, engineering and philosophical instruments, §c., gc. 
The illustrations of marine, locomotive, ping, blowing, 
and other forms of steam engines will be especially nume- 
rous, and represent the best practice, the engravings having 
in nearly every case been prepared from original drawings sup- 
plied by the makers. 








Roya Untrep Service Iystrrution, Monday Evening, June 4th.— 
Captain A, Moncrieff, Edinburgh Militia Artillery, on Moncrieff’s 
Method of Mounting Guns with Counter Weights, of using them in 
Gunpits, and of laying them with Reflecting Sights. 
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LAW AND ENGINEERING. 


Iv addition to patent cases, requiring for their set- 
tlement a special basutelee of science, there is a con- 
siderable class of litigation growing out of questions of 
the due performance of contracts for machinery and 
for various engineering works. But few of these cases 
are seen in the public prints, for they are commonly 
referred to arbitration. Only those who have gone 
through these tedious and costly substitutes for a court 
of law know how great is the difficulty in finding 
counsel who understand the mechanical points which 
such cases often involve. It is true that one man can- 
not know everything; but it is most unfortunate for 
this class of clients when their counsel, skilled in law, 
ready in speech, and doing their very best, are never- 
theless completely ignorant of many, or all of the 
simplest details of engineering and mechanics. Not 
only is this often if not universally the case with bar- 
risters practising in the ordinary departments of law, 
but those who, from long experience of patent cases, 
might be expected to know much of science and prac- 
tical mechanics very often confuse themselves and the 
arbitrator from a like ignorance. 

A given machine is sold to do a certain work when 
driven with a certain power. For some reason, say 
that it requires more power than was calculated upon, 
it does not do its work, and the purchasers refuse to 
keep it and pay for it. An action is brought, and it 
finally goes to arbitration. Engineers come forward, 
who ‘talk of indicator diagrams,” “nominal horse 
power,” “ indicated horse power,” “ dynametrical horse 
power,” “ coefficient of useful effect,” “ work done,” 
“ slip,” “back pressure,” “lap,” “lead,” and so on. 
These gentlemen are the “ scientific evidence” in the 
case. The counsel put their heads together, and incline 
their ears to the solicitors and “ scientific evidence” 
behind them, when says Mr. Cleverboy, Q.C., “ You 
mean the power of a horse when you say nominal horse 
power—the indicated power is a | a rough estimate ?” 


taking care to throw away as few words as possible. 
“Twice” and “four times” are whispered near Mr. 
Cleverboy. “Just so, ah yes” (makes a memo- 
randum on the margin of his brief); “ the nominal horse 
power is always four times the indicated.” “ But this 
is a forty-horse engine,” interposes Mr. Wiggin 
Gowner, Q.C., “and——” (somebody mentally, but 
aloud, “ hundred and sixty nominal).” “ Perhaps,” says 
the arbitrator, “ the witness can tell us what is a horse 
ge nominal horse power?” “ Engines are sold 
their nominal power,” says the engineer; “and 
att’s rule was to give 7b. on the circular inch.” 
“But inches are not circular; my witness says these 
are square inches,” puts in Mr. W.. Gowner, Q.C. 
“Tt’s what we call 33,000 foot-pounds,” says the 
engineer. ‘ That is the nominal,” says Mr. Cleverboy. 
“No; the indicated,” says Mr. W. Gowner. Mr. 
Bluebagge, of the eminent firm of Bluebagge, Sixx and 
Aytpence, solicitors, hands up a book, in evidence, 
and duly dog-eared. The arbitrator, reading to him- 
self (from Bourne’s Catechism), “ Yes.” ‘ But this 
diagram was before we cut off a quarter-inch lap on the 
valve, and she was throttled,” explains the engineer. 
“* How was it throttled ?” asks Mr. Cleverboy. “ What 
does he mean by lap?” is huskily whispered by Mr. W. 
Gowner, and a piece of paper is produced, with a crow- 
quill sketch, apparently representing stalks of stubble 
grass overlaid by a bill-hook. “This is the common 
D valve,” says Mr. W. Gowner; “ now where was the 
lap ?” . Various ‘extensions of the lines of the sketch 
are made, in ink, in pointing out the lap, which 
om to pervade all parts: of the bill-hook, otherwise 
the D valve. 

Seriously, we have known an hour to be spent in 
such floundering as this—and we have in no respect 
overdrawn the language—with counsel, and plaintiffs, 
and defendants, and attorneys, and witnesses, some of 
them brought up from distances of 200 miles to attend, 
all representing costs to the extent of perhaps five 
hundred guineas at a sitting. The arbitrator patiently 
listens, and writes down the questions and answers, 
and at last, finding that, somehow, the real point has 
not yet come out, he asks if a trial cannot be made of 
the machinery de ovo, and-under the identical con- 
ditions of the first experiments. Although there may 
be a mass of direct and relevant evidence, counsel are 
unable to make anything of it ; they cannot distinguish 
what proves their case and what does not; they seize 
upon flaws, and inconsequential facts or admissions, 
and go on—as anxious as magne to get at the truth, 
yet bewildering themselves and raising more and 
more fog over the whole case as they proceed. The 
witnesses—the “ scientific evidence”—who have been 
sworn to tell the whole truth, can only reply categorically 
to the questions put to them; if they attempt explana- 
tion, they are probably stopped, lest something should 
escape of which counsel across the table could make a 
handle ; and by leaving no opportunity for an expla- 
nation which, with common attention, would make the 
whole case clear to every one present, the zealous 
barristers earn the pity, if not the silent contempt, of 
those who, although in their hands, could manage very 
much of the case far better than they. It is when 
they address the arbitrator upon the evidence, and 
skilfully collect the matters of fact, of sale, use, refusal, 
objection, and so on, and go into the law of contracts 
and bargains, that the respect which every one likes to 
have for a hard-working and responsible profession is 
in a measure restored. 

We have a great deal more to do with hearings, 
arbitrations, “ scientific evidence,” and “ professional” 
opinions than we could desire for our own comfort, 
and we can set down as the truth that, even with 
counsel who are supposed to make a specialty of such 
cases, an amount of ignorance is shown in handling 
witnesses and arguing upon mechanical points, of which 
our readers have no conception. The consequence of 
this ignorance is to bewilder all parties, to greatly pro- 
long causes, and consequently to swell the eosts; and 
generally it endangers justice, although the arbitrators 
may get at the truth at last. 

But there is that magic talisman, “ reputation,” and 
Mr. Bluebagge might decline to take up the case at all 
if the famous Mr. Cleverboy, who carried the great 
trial of Rightside v. Dodgitt and Walker to a trium- 
phant verdict, was not to be retained as the leading 
counsel. 

Young barristers of talent, and those especially who 
have studied the law of patents, will certainly find that 
they will greatly increase their usefulness, and thereby 
their future reputation, by acquiring a knowledge of 
the principles of mechanical philosophy. We will ven- 
ture to say that the knowledge contained in Bourne’s ad- 





“No, it is three times the nominal,” says the engineer, 


of Mechanism,” would prove of the greatest value to 
hundreds of lawyers, by giving them a command of the 
principles upon which the merits of so many cases 
now-a-days really turn. The class of cases to which 
we refer will increase with the progress of our manu- 
factures and trade; and with the present system of 
legal education it is this class of cases where the pro- 
fession of the law appears to the least advantage. 








THE RIVER WEAVER NAVIGATION. 


An important bill, passed this session by both Houses, 
and now only waiting the royal assent, is that for 
widening and deepening the River Weaver for 16 miles, 
from the Mersey at Weston Point, near Runcorn, to 
Northwich. This navigation was established by means 
of weirs and locks as long ago as 1721, and between 
1815 and 1830 Telford enlarged and greatly improved 
it. There are now 600 craft navigating the Weaver, 
and within the last two or three years many towing- 
steamers have been put on. The traflic amounts to 
700,000 tons of salt yearly, and the revenue is about 
50,0007. The works form a trust, and the revenue is 
applied in reduction of the county rates, which are 
now only nominal in Cheshire. 

The present width of the cuts on the river is 60 ft., 
and the minimum depth of water allows the passage of 
vessels drawing 7} ft. and carrying 200 tons. There 
are (besides the tide lock at Sutton, where the extreme 
rise and fall of spring tides is 16 ft. or 18 ft.) four 
locks between the Mersey and Northwich, their total 
lift ae 16 ft. 7im., or an average of but 4 ft. 2in. 
each. 

The engineer to the River Weaver trustees, Mr. FE. 
Leader Williams, jun., will, under the bill now passed, 
widen the cuts to 90 ft., with a minimum depth of 
12 ft., and a bottom width of 54ft. New locks will be 
built, and they will be 200 ft. long and 40 ft. wide, or 
nearly four times as large as those now existing. The 
Winnington lock will be removed, and a total lift of 8 ft. 
6 in. given at Saltersford, where the present lift is 4 ft. 
4in. Each of these locks will hold one towing-steamer 
and three lighters, each of 200 tons; but gates will be 
placed midway, so as to fill but half the lock with water, 
when but two boats are passing up or down. The ex- 
isting locks will be also retained, so that boats pass- 
ing singly, and not having too great a draught of water 
may use them. The new locks and the turnbridges 
will have a depth of 15 ft. of water over their sills, 
and thus, should it afterwards become requisite to 
dredge the river in the different pounds to the same 
depth, they would admit of a large class of vessels. 
At Northwich there is a large basin of several acres, 
and having 20 ft. or more of water already formed by 
the pumping of brine for the salt works. This will 
serve as a dock, and at, Weston Point, on the Mersey, a 
new dock with a 50 ft. entrance is now in course of 
construction. 

It is intended to work the traffic in trains of one 
steamboat and three lighters, and the latter, from their 
cheapness, will make the best possible warehouses for 
salt when, as is often the case, it is detained at Liver 
oa In the locks the steamer and one lighter will 
ie side by side at one end, and the two other lighters 
side. by side behind them. The lock gates will be 
opened and closed by turbines, the fall as well as the 
available quantity of water being ample for the pur- 
ose. 

: With the improved class of vessels which it is ex- 
pected will be attracted—and it is intended that sea- 
going coasting vessels shall come up to Northwich— 
and with the mode of working in trains, as well as in 
the economy of time effected in lockage, it is expected 
that salt may be carried from Northwich to Liverpool 
for 6d. a ton; and when the enormous extent of this 
trade is considered, the economy will be most impor- 
tant. Next to coal, salt is now the greatest single 
article of export from Liverpool. With other improve- 
ments, which will be made in conjunction, the Wenves 
navigation will compete successfully with the Duke of 
Bridgewater’s Canal and with railway transit. By 
Acts of Parliament, all railways crossing the river must 
maintain a clear height of 60 ft. above the level of the 
water, and this enables vessels of 180 tons to go up 
by merely striking their top-masts. 

The estimated costof the River Weaver improvement 
as far up as Northwich is 195,800/., but we should add 
that since it was decided to remove Winnington lock, 
and thus gain 4 ft. greater depth of water between there 
and Saltersford, this estimate will be lessened. For 
each of the new locks the estimate is 16,000/., and the 
turnbridges, of which there are seven, from 15001. to 
22007. each. The works will be commenced imme- 
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market having no effect upon the arrangements of the 
River Weaver trustees. 

Mr. Williams has been the engineer to the trust for 
ten years, having left the works at Dover harbour to 
take his present appointment. On the hearing of the 
bill in the Lords’ Committee, his evidence was sup- 
ported by that of Mr. Hawkshaw, who had visited the 
River Weaver and carefully examined all the existing 
works, as well as the plans and estimates for the im- 
provement. It is expected that the works will be 
completed in three years. 


RECENT PATENTS. 

Tue arrears of patent specifications are being, at 
last, gradually overtaken by her Majesty’s printers, 
and a fresh batch of from eighty to one hundred blue 
books is now ready for inspection every Monday. Few 
as are the patents noticed in these pages, a member of 
our staff attends weekly at the Patent Office to examine 
them as published ; but it is only seldom that one of 
real interest to engineers is met with. 

Mr. Hulse, of Manchester, has specified his patent, 
No. 1571, June 9th, 1865, for engineers’ tools, in- 
cluding turning-lathes, planing-machines, _ slotting- 
machines, and radial drilling-machines. Various modi- 
fications, not of general interest, and which would oc- 
cupy a large portion of our space for their proper de- 
scription, are shown. We think tool-builders will do 
well to have the blue book by them, and they can 
procure it from the Great Seal Patent Office, price 
Qs. 6d. 

Lieut. Col. Baker, M.A., a Cambridge man, obtained 
provisional protection for a scheme for creating power 
out of nothing, although water-pressure is used as a 
means. For every pound of this pressure through one 
foot, about 14 foot-pounds of work are to be had. 
The specification reads like the demonstration of a 
problem in Euclid, with the difference that the end is 
a fallacy. Those of our readers who care for amuse- 
ment of this sort may like to send to the Patent 
Office for No. 1576, a.p. 1865. 

Mr. W. H. Hartfield, of 2, Royal Exchange-build- 
ings, has patented a neat steering gear, but in which, 
no doubt, the real principle of Hastie’s gear is con- 
tained. Instead of one long screw, cut for half its 
length with a right-hand and for the other half with a 
left-hand thread, there are two parallel screws (one 
right and the other left hand), placed across the cap of 
the rudder-post. These are geared together by pin- 
ions, so as to turn in the same direction, and a nut on 
each screw takes upon a slotted block working upon 
pins as in Hastie’s arrangement. The whole plan, 
although more compact than Hastie’s, is also more 
complicated, and it would work more stiffly, or, in other 
words, with more friction. No. 1577, a.p. 1865. 

A French patent, No. 1590, in the name of the late 
Mr. Brooman, is for one of those curious furnaces fed 
from the top, such as Braithwaite once used in his loco- 
motives ad steam fire-engines, more than thirty years 
ago. 

W. J. Hixon, No. 1593, has schemed a system of 
points and crossings to be worked only by the engine 
going over them. It is the old idea of a projection of 
some sort sticking down from the engine to regulate 
the line ahead. Has Mr. Hixon ever rode over cross- 
ings at forty miles an hour, and has he any idea of 
what the shock upon his apparatus would be ? 

James Collins, No. 1600, has concocted anew patent 
fuel. He takes 20 1b. or so of meal, boils it into paste, 
and boils the paste with 341b. of pitch and 2} lb. of 
alum, and finally adds the mess to one ton of coal-dust ! 

J. J. Bodmer, No. 1598, has taken out a patent for 
moulded slabs or blocks of building materials—one of 
those vague, grasping specifications which we believe 
covers nothing really new, and which may yet, as a 
fighting patent, do much mischief. Builders and con- 
tractors may as well keep their eye upon it. 

J. Ht. Johnson has taken a patent, a communication 
from abroad, No. 1601, for makin g¢ dise railway wheels, 
the dises being of wood. By ‘orming four of the 
twelve segments wider at their inner than at their 
outer ends, he can first enter them between a pair of 
ribs or flanges rolled on the inner circumference of the 
tyre, and then foree them outward, in the manner of an 
expanding mandril, so as to fill tightly and securely the 
continuous groove between these flanges. Further 


details are given with respect to making the nave. 

Messrs. B. and 8. Massey, of Openshaw, Manchester, 
have taken a patent, No. 1607, for working the valves 
of steam hammers by means of a supplementary piston 
and valve. We think a respectable patent agent should 
have been able to inform 


1is clients that this was an 


| 








old expedient, patented by James Nasmyth, Nos. 9850 
and 12,074 (old law). Mr. Joy’s patents, too, of 1857 
and 1860, are well known, and show steam-moved 
valves for steam hammers. Anyone interested in the 
subject of such valves will find a very complete list of 
them in the specification of a patent No. 2588, a.p. 
1863. 

Chas. de Vandeuvre, No. 1608, has patented an 
elaborate spring stopper for chain cables, an arrange- 
ment of powerful draw-springs which are to bring up 
the cable gently when, while running out, it is sud- 
denly thrown upon the apparatus. No doubt the prin- 
ciple is excellent. 

Wm. Clark, No. 1621, patents an electric railway 
signal whereby each train telegraphs its own passing, 
to some point inadvance or behind, or both. There is 
the old dodge of a projecting striker upon the engine 
hitting a lever in a fixed apparatus at the side of the 
line. Fancy metal striking metal at sixty miles an 
hour—eighty-eight feet per second, equal to the velocity 
acquired in falling from a height of 121 ft.! 

Mr. Matthew P. W. Boulton—is he a descendant 
of Watt’s partner P—obtained provisional protection, 
No. 1622, for a wonderful scheme. He says that, 
owing to sediment in the water, it is often objection- 
able to apply heat to the outsides of the iron | 3 
having such water in contact with them. No doubt ; 
but hear his remedy. He is to heat the contents of 
the boiler by superheated steam, let in by pipes. 
Where is his superheated steam to come from? Not 
from the same boiler in which it is to be used, for 
there would then be none to spare, supposing even 
that steam were first raised. The inventor wisely sug- 
gests a forcing apparatus or pump to get the super- 
heated steam into the water in the boiler, having no 
fire! How about the boiler in which the steam to be 
superheated would be first raised? Would that be 
obstructed by sediment, supposing the water to be 
bad ? 

A patent, No. 1629, in the name of the late Mr. 
Brooman, gives drawings of a French invention for 
rolling and making horse-shoes. 

Mr. T’. R. Crampton obtained provisional protection, 
No. 1639, for a new systefa of corrugated metal plates. 
Instead of curved ridges and channels, he proposes to 
make them flat at the top and bottom, and with inclined 
sides, as viewed in cross section. Much might be said 
for and against the proposed plan, and we have not 
heard that any manufacturer has adopted it. 

Colonel Valentine Baker, No. 1642, has taken a 
patent for water-power machinery. His turbine, a 
double corkscrew affair, with tapering pipes, would 
be something worth seeing in motion. It would waste, 
we should suppose, about half the force of the water 
in internal pipe friction, and the rest of the force would 
act as in a Barker’s mill, not perhaps the best form of 
turbine. Then there is an overshot water-wheel with 
radial buckets, or paddles as we should call them, the 
water being held in by a close-fitting apron ; and there 
is a wonderful theory of fluid force. There is, too, an 
elastic or yielding piston for water-pressure engines, 
intended to do away with shocks at the beginning of 
the strokes, although the inventor does not state that 
exactly as his piston yielded at the beginning of each 
stroke, so would be the absolute waste of water. 

George Smith, jun., No. 1646, has a formidable 
specification for bogie carriages and railway wheels. 
He proposes to apply bogies to the front and rear ends 
of locomotives, and to employ one or more pairs of 
driving wheels having wide tyres without flanges. We 
are not aware that this arrangement has ever been 
employed in this country, although we may note that 
it was for some years at work, from 1849, on the Old 
Colony Railroad, United States, where there were two 
heavy engines, having each four coupled wheels with- 
out flanges and two four-wheel bogies. Mr. Smith 
further proposes a change in the construction of bogies 
by dismissing the pivot or bogie pin, and employing 
only segmental guiding bearings at the sides of the 
frames. The friction in turning would be thus in- 
creased, and we should indeed expect that the bogie 
would jam. Even if it did not, we fail to see what is 
the advantage aimed at. Again, it is proposed to form 
railway wheels with a system of circular hoops in the 
place of spokes, so as to insure elasticity. Whether a 
safe wheel could be made on this plan would be de- 
termined by trial. We cannot see how it would have 
lateral strength. And we should apprehend the 
greatest difficulty in keeping the parts permanently 
in their places, and what would happen if one of the 
spriugs should break may be imagined. The whole wheel 
would go to pieces. We do not wish to dogmatise upon 
such an arrangement, but we give what would, we think, 
be the opinion of most practical men on seeing it. 


Lieut.-Col. Clay, of the Mersey Steel Company, has 
obtained a patent, No. 1648. Itis not, however, con- 
nected with .the,iron manufacture, as was Lieut.-Col. 
Clay’s last patent, to which we some time since called 
attention, wherein he re-patented the patent regenera- 
tive furnace of Mr. Siemens, as applied to heating piles 
for heavy forgings. The present patent is for venti- 
lating railway carriages, by maintaiming within them 
when in motion a constant outward pressure of air. 
The means consist of a trumpet-mouthed hood on the 
roof of each carriage, the air caught by the motion of 
the train being thereby forced down pipes into a water- 
cistern, where the water is kept agitated in spray, so 
as to wash the air from dust. A fan oragitator, worked 
by a strap from one of the axles, is proposed. This 
ingenious mode of ventilating railway. carriages has 
been long practised in the States, under Foot and 
Hayes’s patents. In Captain Galton’s report upon 
the railways of that country, there is a drawing of it 
as applied to the carriages of the Erie Railway, and 
on page 15 is this description: “On the New York 
“and Erie Railway the following plan secures freedom 
“from dust and good ventilation. A funnel placed at 
“the top of the car faces the direction in which the 
“train is proceeding, and the movement of the train 
“ causes the air to pass down this funnel into a cham- 
ber, where it is purified. A cistern of water is fixed 
under the car, and a pump, worked by the rotation 
of the axles of the car, forces the water into the 
chamber, through jets arranged to fill the chamber 
with spray. The air in passing through this spray is 
freed from dust. In cold weather a stove is placed 
so as to warm the water. The air then passes 
through flues under the floor into the interior of the 
ear. The windows must be kept closed. As this 
“arrangement is in practical use on several cars on 
“the New York and Erie Railway, it would be well 
“ worthy of a trial upon English railways, especially in 
“large saloon carriages. The drawings of a passen- 
“ ger car, in plates 4, 5, and 6, show this plan.” The 
objections to the plan are the dead weight of the 
apparatus, the increased resistance of the train at high 
speed, and that the water soaks the woodwork of the 
carriages, and thus causes rotting. 

William Clark’s patent, No. 1656, a communication 
from abroad, is “for obtaining motive power.” A 
strong reservoir is made, and “ fulminating matters” 
are to be exploded within it. The pressure is to be 
thus accumulated, and the gases of explosion taken off 
to drive engines, &c. Each one may form his own 
notion of the economy and safety of this system, and 
of the convenience and uniformity with which it could 
be made to work. 

Mr. Parrish, No. 1657, patents a construction of 
iron safes, intended to beat the Counsellor Casey class 
of burglars, with their “citizens” and “ aldermen,” 
as made for prying upon safe-doors. Dovetailed pro- 
jections on the safe-door are to fit into corresponding 
recesses in the outer frame. We think the idea is not 
at all new, although we do not happen to lay our hand 
just now upon the name and date of a prior patent. 
Unless the dovetails are very hard, they would soon be 
drilled off; and if they were very hard, they would be 
in danger of being broken out bodily. At the same 
time, there is no doubt that they would increase the 
difficulties in the way of burglary. , 

John Scholl, No. 1658, patents placing a thin strip 
of platinum in the flame of a gas-burner, and states 
that the light is thus increased. 

W. Henson, No. 1659, obtained provisional protec- 
tion for one of the many schemes for communicating 
between railway passengers and guards. A hollow 
shaft is to extend along the length of each carriage, 
the shafts of the separate carriages to be coupled by 
universal joints and telescopic slides ; and there is to be 
a handle in each compartment, by which, if the pas- 
senger is strong enough and nothing gives way, he 
may partly rotate this system of shafting, and should 
not the torsion or the lost motion in ry twenty 
joints and sliding couplings be too great, his efforts 
may be rewarded by striking something or other, say a 
gong, in the guard’s van. We have been delighted by 
the excessive ingenuity and simplicity of this scheme. 

Emile Dupont, No. 1663, patents a mode of making 
double-dise railway wheels, the discs being parallel 
wrought-iron plates. ‘The nave is to be cast upon 
them, and the rim of the wheel shrunk on. The 
shrinkage is intended to be, but could not, we think, 
be sufficient to enable the discs to fill grooves, which 
the patentee shows in the inner circumference of the 
rim of the wheel. 2 

Captain J. H. Selwyn, No. 2628, patents a cartridge 
for breech-loading arms of the Mont Storm class. 
The objects sought are to ensure the close packing of 
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the joint of the breech, so as to prevent the escape 
of gas. 

Of the remaining patents, they are generally for in- 
ventions only incidentally or distantly related to en- 
gineering, such as sewing-machines, spring beds, 
stoppers for bottles, &., &c. 








THE AMERICAN GUNS. 


We have no wish to undervalue the American guns ; 
for if those of the larger class are all that has been 
represented, it would be madness for our Government 
not to at once provide ordnance of equal power, 
even if it were upon a system in which we have, all 
along, had little or no faith. Statements have been 
repeatedly put forward lately, that the new 20 in. guns 
would fire 140 Ib. of powder and 1000 Ib. shot; but 
our American correspondent last week—and he was 
one who could speak with the highest authority— 
represented them as only intended for 100 Ib. charges, 
while it does not yet appear that one of them has ever 
been fired at all. At any rate, we have never seen an 
account of actual practice with them. The service 
charge of the 15 in. gun is 35 |b. of powder, or but 
10 Ib. more than that burnt in our 9 in. Somerset guns, 
and but half that which our 13.3 in. guns of about the 
same weight are to burn, after we have got them to 
withstand that charge—for it is as well to be careful in 
speaking of what is not yet fully settled. 

The mode of cooling the cores of the hollow-cast 
guns is well known here, and it is easy to see how the 
cooling cannot be uniform, nor nearly so, throughout the 
mass, the walls of the chamber being from 18 in. to 
2 ft. thick. In such a case the danger of rapid outside 
cooling is repeated on the inside. The inner iron 
contracts suddenly away from that behind it, inevitably 
weakening the casting, although, of course, the cooling 
may be more nearly equalised as the quantity of water 
run through the core is diminished. There are gentle- 
men in London who, of their own knowledge, inform us 
that these guns have split when lying on the ground, 
and, in other cases, in the lathe in which they are 
turned. The great difference in the thickness at the 
breech and the muzzle causes also unequal strains in 
cooling. ‘The few inches of iron at the muzzle is soon 
cooled, and-the subsequent cooling of from 35 to 40 
tons of metal behind the trunnions—for the 20-in. gun 
weighs in the rough over 55 tons—must of necessity 
cause a great cross strain in the piece. 

One would suppose that the larger the bore of these 
guns, the less the permissible internal pressure of the 
powder would be ; but whatever the pressure per square 
inch of internal surface may be with a 15 in. oa 
firmg solid round shot, it is necessarily one-third 
greater, if the same velocity of round shot is to be had 
with a 20 in. bore. And the bursting strain upon the 
sides of the gun would be nearly doubled, being in 
this case increased in the proportion of 400 to 225. 
We have every reason for doubting the reputed great 
strength of these 20 in. guns, and we have the still 
more significant fact that no report of their trial has 
ever transpired. 





LIGHT v. SHARPE. 


DisrutED accounts between individuals are seldom 
matters of public interest, and where they arise 
between gentlemen in our own profession we can only 
hear of them with regret. But the case of Light ». 
Sharpe has acquired a certain interest, because of the 
applicability of the same circumstances to large numbers 
of junior and assistant engineers, especially when on 
foreign service. And it is a case which, within the 
last two years, has been the subject of much comment 
among many hundreds of our readers. It has been 
settled at last, by arbitration, in favour of the plaintiff, 
the award carrying all costs against the defendants. 

Messrs. Sharpe Brothers are the contractors for the 
works of the San Paulo Railway, and in the concession 
for that line, the Brazilian Government prescribed, 
among other things, the date for its completion. In 
March, 1863, Mr. Brunlees, the engineer-in-chief, and 
the directors of the company found that the works 
were not being pushed forward as fast as the conditions 
of the concession required. They urged upon the con- 
tractors the necessity for increased exertions, and 
promised them a handsome bonus as an inducement to 
finish the works, if possible, before the contract time. 
At this juncture Mr. A. Luders Light was introduced 
by Mr. Brunlees to Messrs. Sharpe. He was a civil 
engineer of considerable experience and of remarkable 
energy, and he held the appointment, from the late 
Duke of Newcastle, of engineer-in-chief to the Inter- 
colonial Railway of British North America—a work 


not yet undertaken, however, in consequence of the 
action of the Canadian Government. | Messrs. Sharpe 
decided to engage Mr. Light, at a salary of 2000/. per 
annum, to proceed to Brazil, and there, according to 
the terms of his contract, to “ devote his utmost skill 
“ and exertions to the rapid completion of the works, 
* acting, however, under the orders of the defendants, 
“ and consulting and advising with them upon the best 
“ means of effecting the object in view, having regard 
“ in his management of the works to the conditions of 
“ the contract between the defendants and the railway 
“ company.” He was furthermore promised a bonus, 
in case he succeeded in completing the works before the 
time fixed in the contract. 

Mr. Light appears to have put on the steam at 
once. On reaching San Paulo, in April, 1863, he 
found the railway works in a very backward condition, 
and he immediately set to work to give a new impulse 
to their progress. The Messrs. Sharpe were there 
at the time, and all went on harmoniously. After- 
wards Mr. Paul Sharpe returned to England; and 
when he went back again to Brazil in November, 
1863, Mr. William Sharpe came home. It was then 
that the first-uamed partner began to object to Mr. 
Light’s management, and he shortly afterwards 
peremptorily dismissed him, on the alleged ground of 
repeated and unwarranted absence from the works. 
Mr. Light returned to England, and sought a settle- 
ment of his claim. This was resisted, and he was 
thus compelled to resort to law. Messrs. Sharpe 
defended, upon various grounds, among others that he 
had recklessly expended “Ee sums of money upon 
work beyond that certified by the company’s engi- 
neers. ‘The excess was made to appear as 98,155/.; 
but it turned out that 13,0007. had to be taken off 
this sum for work certified, but for which pay- 
ment had been temporarily withheld by the com- 
pany. And 39,100/. more was for work done 
after Mr. Light’s dismissal, and for which he 
could in no way be held answerable. As _ for 
the rest of the excess, it was expended with the 
concurrence of one of the partners, then in Brazil, 
and there was evidence to show that the expenditure 
was reasonably necessary, in order to finish the whole 
contract in time. Mr. Fox, too, and Mr. Madeley, 
Mr. Aubertin and Dr. Coc&irane, engineers, acting re- 
spectively for the railway company and the Brazilian 
Government, testified, on the Comes. to Mr. Light’s 
energy and his assiduous attention to the works. Mr. 
Light, as the servant of the plaintiffs, was also accused 
of improperly corresponding with his friend Mr. 
Brunlees, the company’s engineer-in-chief, with respect 
to the progress of the works. This charge, whatever 
might have been the foundation for it, was hardly one 
to be pleaded in defence of a suit to recover for a 
breach of contract. As in all such disputes, the usual 
amount of feeling was exhibited, and many persons, in 
and out of court, were appealed to to take sides. We 
have heard ex parte observations upon the matter for 
months, and it was obvious, from the very position of the 
parties, that those proceeding from the partizans of 
the defendants were necessarily more injurious to the 

laintiff than anything he could have said would have 
eon to the other side. 

As we have stated, the matter has been settled by 
an award in favour of the plaintiff, with heavy costs 
against the defendants—the costs having been greatly 
swelled in consequence of sending a commission to 
Brazil to take evidence there. Many engineers, placed 
in the position of Mr. Light, would have shrunk from 
the task, if, indeed, they were able to go on with it, 
of carrying through a long, costly, and unpleasant 
litigation to the end ; but the result has helped to show 
what are the mutual responsibilities of engineers and 
their employers in such cases, and we think that the 
profession, as well as Mr. Light, may be congratulated 
upon it. 








Hargours or Rerucx.—In the House of Commons, on 
Tuesday evening, Mr. Pease inquired of the President of the 
Board of Trade whether, having regard to the report of the Com- 
missioners on Harbours of Refuge in the year 1859, and to the 
annual return of wrecks presented to the House, it was the in- 
tention of the Government to proceed to construct harbours of 
refuge. Mr. Milner Gibson replied that the Government did not 
ew to take any action or pursue any course with regard to 
narbours of refuge other than that which they have hitherto 
adopted. Money had been advanced, and was being advanced, 
for the continuation and improvement of harbours, several of 
which fulfilled the purpose of harbours of refuge. The recent 
wreck returns did not show that any large proportion of the 
casualties were owing to the want of harbours of refuge. 

BukLincton House.—The council of the Royal Institute 
of British Architects have passed the following resolution:— 
“The council are of opinion that Burlington House, with its 
colonnades, possesses considerable architectural merit, and that 





it would be a subject of regret if such a building should be 


GUNS IN RUSSIA. 


Tue Russian authorities keep the results of their 
experiments as closely as possible, but they are not 
likely to gain any advantage over this country in re- 
spect of guns. They have given extensive orders to 
Krupp, but several of his guns have burst on trial, and 
a great deal of doubt is expressed with regard to them. 
The larger sizes are 8 in. and 9 in. bores, but even 
some of the four-pounder field-pieces have burst. The 
great steel maker carries on his business in royal style. 
On foreign orders, half of the estimated cost of the 

uns is required to be lodged to his credit in the bank at 
Berlin before the work is begun, and the other half must 
be paid for before delivery. If his steel fails, he will 
replace it, but he never returns money. He has twelve 
Bessemer converters now at work, and it is understood 
that he is making a hammer with a head of seventy 
tons, thus greatly exceeding in weight the enormous 
hammer which he put up a few years ago, and which 
was described in our last number. 

Herr Berger, one of the cleverest steel makers on 
the Continent, and whose works are at Witten on the 
Ruhr, is making fifty cast-steel guns of 6 in. bore for 
the Russian Government. Berger is one of the liberal 
members of the Russian Landtag, but, whether for 
that or other reasons, his own Government gives him 
no orders. 

The Imperial gun factories at St. Petersburg have 
cost two and a half million roubles, but the steel guns 
made there from Russian materials have failed, even 
down to the 24-pounders. M. Aboukoff, the Govern- 
ment ordnance engineer, has been superseded, within 
the last few days, by an officer who is said to be far 
inferior to him in knowledge for the position. 

At Perm, far away towards Siberia, the Government 
manufacture of steel guns has completely failed, the 
smaller bores bursting on trial. To our knowledge, 
the works, and the disposal of two hundred thousand 
roubles, and extensive orders have been very lately 
offered to a large iron manufacturer in America, and 
the offer, from the cost and difficulty of collecting 
proper English and American workmen at such a 
point, has been declined. On the other hand, we are 
assured that representatives of Sir William Armstrong 
have recently offered to set up works near St. Peters- 
burg, and the Government have declined to give orders 
or other assistance. 

In Prussia, eight brass guns, of 8 in. bore, are being 
cast at the Government factory at Spandau. We can- 
not suppose that any unlooked-for success will result 
from trials in this direction. The brass, like all brass, 
will stretch under heavy charges, and will give way if 
these are continued for a few rounds. 








Tue Great Giascow Lock-our.—When the work- 
men in the Clyde engine factories and ship-building 
yards demanded, some time ago, sixty hours’ pay for 
fifty-seven hours’ work, it was arranged, that bein 
refused, Messrs. Randolph, Elder, and Co.’s men shoul 
go out. This step has been wag A a general lock-out in 
nearly all the principal works, Messrs. Robert Napier 
and Sons being among the few exceptions. There, 
however, the men have been asked to sign a paper to 
the effect that they will not support the strike, and, as 
they have not done this, they are liable to be locked out 
at any moment. In the other factories only foremen, 
apprentices, and labourers are at work. In the ship- 
building yards, where no warning is given or required, 
the men are already locked out, while the engineer 
workmen have received their fortnight’s warning, as is 
customary in their branch of the trade. Messrs. J. and 
G. Thomson have locked out between 700 and 800 ship- 
wrights, and have 800 engineering hands on their 
fortnight’s warning. ‘Tod and Macgregor have locked 
out between 1300 and 1400 shipwrights, Messrs. A. 
Stephens and Sons have locked out 1000, Messrs. 
A. and J. Inglis about 500, the London and Glasgow 
Engineering Company about 800, Messrs. Hedderwick 
and Co. will lock out 800, Messrs. Barclay, Curle and 
Co. 1000, Messrs. Charles Connell and Co. 300, &c. 
In the ten yards, foundries, &c,, at Greenock, 2255 
men have been locked out, and in the five Port Glasgow 
yards and foundries 1205. The whole number out in 
Glasgow alone is estimated at 20,000. 

New Rrver Boat.—The new Gravesend boat, the Lord 
Palmerston, is a fine improvement upon the usual type of river 
craft. She has a large saloon on the after deck, has great 
engine power, very large paddle-wheels, and shows two large 
funnels. She (and we must employ the feminine pronoun in this 
case, even in speaking of a namesake of the late Premier) looks 
much like a converted blockade runner. 

Cutan Coprer.—The latest price of — in Chili is 787. 
er ton, free on board. The exports for the quarter ending 
March Blst, were 13,300 tons of fine copper. Freight to 





wantonly interfered with, or needlessly destroyed.” 
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THE SEVERN VALLEY RAILWAY BRIDGES. 


Tue Severn Valley Railway, from Shrewsbury to Bewdley, 

traverses a district of much interest, and which in many places 
sesses great natural pow Coalbrookdale, so long famous 

Er its productions in metal, is at the same time one of 
the most picturesque spots in Shropshire. It has been 
thus described; ‘“Coalbrookdale is a winding valley, wooded 
“and well watered. Onsunlit knolls backed by sombre wood 
“or verdant fields, by streams and pools, nestling in shady 
“nooks and dells, or half embowered by trees, are seen neat 
“ cottages, substantial homesteads, and wealthy mansions. 
“In few places grouped within the same limits will you find 
“ so many features of interest. The triple syllable ‘ Coalbrook- 
“ dale’ is indicative of the distinctive features and natural advan- 
“ tages for which the place is remarkable. The ring of the hammer 
“ and noise of the — reveal no less the source of the prosperity 
“ you see around, and tell that house and land, field and garden- 
“ plot, wealth and contentment, have been won upon the great 
- Pattle-tield of labour, in wrestling with the sternest elements of 
“earth. ‘ rag eed is composed of = + that — - 
“ two opposite directions, and upon making the passage of the 
-— tat caine their forces. 7 is not . pa oteen as a 
“ series of lakes or pools, made to pay at easy stages the tribute 
‘of its strength on its journey to the river. Thus pounded up 
‘it presents a mechanical force which our fathers, before the 
‘* introduction of the steam-engine, knew so well how to appre- 
“ ciate, and which to them was so essential to successful iron- 
** making operations.” 

It was here that the first iron bridge in England, if not in the 
world, was erected about 1780, a nearly semicircular span of 
100 ft., across the Severn, and it was at Broseley, close at hand, 
where stout John Wilkinson, the famous Shropshire ironmaster, 
launched the first iron boat. At Bridgenorth, lower down the 
river, were the works of Telford’s friend and favourite contractor, 
Hazeldine, and at Buildwas is one of Telford’s large iron bridges 
of 130 ft. span, erected by Hazeldine. 

The works, however, of the Severn Valley of eighty years or 
even thirty years ago contrast strangely with those of the 
present day, and it is indeed singular that it was not until 1861 
that this productive and charming district was finally “‘ opened 
up” by railway. 

It is our present object to describe the two great railway 
bridges which cross the Severn, the one at Areley, near Bewdley, 
the other on the Coalbrookdale line, which is a short, but costly, 
branch of the Severn Valley, the line of two miles having, in 
consequence of its difficult works, cost 80,000/. The first- 
named work was completed in 1861, and is known as the 
Victoria Bridge ; and the latter, opened in October, 1864, was 
named the Albert Edward Bridge. They are of identical 
dimensions, and although not the largest arches ever con- 
structed, they are the largest cast iron arched spans yet erected 
for carrying railway traffic. The clear span is 200 ft., and in 
design and site they are among the more striking structures 
upon the railways of Great Britain. 

The engineer-in-chief to the Severn Valley Railway was John 
Fowler, Esq.; and it is by his kind permission that we are able 
to give, from the working drawings, the elevations, sections, 
and details of these important works, and which we have sup- 
plemented with a general view (from a photograph) of the 
Albert Edward Bridge and of the country about it. 

With a span of 200 ft. in the clear, and a width of 27 ft. 6 in., 
the bridge stretches from abutment to abutment, giving a head- 
way from the surface of the water to the underside of the main 
ribs of 40 ft. The rise of the arch in the centre is 20 ft. or one- 
tenth of the span, and the depth of the curved girder 4 ft. 

The strength and arrangement of the abutments will be 
ascertained from an inspection of Figs. 10, 11, and 12, which are 
respectively longitudinal, horizontal, and transverse sections. 
The foundations are entirely surrounded with sheet piling, 
which incloses an area 66 ft. long by 34 ft. 9 in. wide and 19 ft. 
Gin. deep. This space is filled with 1650 cubic yards of con- 
crete, and forms the foundation on which the abutments are con- 
structed. The level of the ground is 3ft. above the surface of 
this mass of concrete, and 14 ft. below the springing of the main 
ribs, to which height the face of the abutment is built in solid 
brickwork 8 ft. thick. The arrangement of the moulded stone 
course beneath the springing and the skewback is shown Fig. 10, 
the brickwork behind the skewback being set in cement, and 
bonded with iron, and convenient recesses are left beneath for 
the reception of the holding-down bolts, which secure in their 
places the cast-iron shoes in which rest the rounded ends of the 
main ribs. From the top of the skewback to formation level the 
abutment has merely to retain the earth contained within the 
face and wing walls, and the thickness is gradually decreased 
from 8 ft. to 2 ft. 7Lin. The face of the abutment is strength- 
ened by concrete backing, increasing from a thickness of 1 ft. 6 in. 
at formation level to 33 ft. at the foot of brickwork (Fig. 10); 
and three rows of horizontal arches transfer the thrust from the 
face of the abutment to the wing walls, as shown. These 
latter have a thickness of 7 ft. 2in. at the base, gradually 
decreasing as the pressure of the retained earth diminishes, to 
2 ft. 741m. at formation level, and they are tied together with 
four 2} in. diameter bolts. Lxternally the abutments present 
a symmetrical though not highly ornamental appearance; they 
are of brickwork, with stone mouldings, and parapets. 

There are four main ribs placed,4 ft. 11 in. and 6 ft. apart, so 
that the centres ot the ribs coincide with the position of the line 
of permanent way. 

The general construction of the main ribs is shown in Fig. 10, 
and in cross section, Fig. 1, as well as in detail, Figs. 2, 3, and 
7. They are 4ft. in depth in the centre, increasing to 4 ft. 9 in, 
at springing, with a top and bottom flange 1 ft. 3}in. wide, 
and 2 in. thick, which also is the strength of the web. Nine 
Pep euch 22.81 ft. long, with the intrados curved to a 

ius of 260 ft., complete the rib. The construction of the end 
segment is shown in Figs. 2 and 3, where it will be seen to termi- 
nate with a rounded heel, curved with a radius of 2 ft. 54 in. 
and strengthened transversely and longitudinally with ribs and 
feathers. This rounded end tits into a curved shoe (Figs. 2, 3), 
which is held down to the abutment by seven 2 in. diameter 
bolts 6 ft. long. The shoe is 3 ft. in breadth, corresponding to 
that of the main rib, which is widened out as shown in the plan, 
and 6 ft. long over its bed plate, the thickness of metal averaging 


2}in. Both shoe and heel of main rib were cast to as nearly 
a true fit as could be obtained, and afterwards the surfaces were 
faced, and ground one on the other, so that extreme accuracy of 
contact was obtained. It is found, however, that the girders do 
not turn at all upon these joints, but rise and fall in the centre 
with the variations of temperature. 

Horizontal wrought-iron girders 2 ft. deep, and of section 
shown (Fig. 16), rest on the top of the spandril-filling, bearing at 
one end, on the abutments, 22 ft. above the springing, and dying 
away on the main ribs, at a point 18 ft. from the centre of the 
bridge. The upper and lower flanges, however, are continued 
until they meet the corresponding girder on the other side. 
These girders are of ordinary construction, with a constant cross 
sectional area throughout of 8} square inches. The thickness 
of web is ¥; in., and the top and bottom angle irons are 
3h in. X Bin. xX Fin. 

Stiffeners of the construction shown are placed 8 ft. apart, at 
the joints of the web-plate, which are made good with 4 in. 
covers 1 ft. wide by 1 ft.4 in. deep. Intermediate T-iron 
stiffeners are also placed at intervals of 8 ft. The cover plates 
of the bottom flange are placed on the inside of the girder, so 
that the web has to be notched, and the angle irons cranked, to 
accommodate the extra thickness. This is done to preserve a 
perfectly flush surface on the under side, and all rivets have 
countersunk heads for the same purpose. 

The spaces between the under side of the horizontal girders 
and the main ribs are filled in with cast-iron standards, as 
shown in Fig. 10, and in details, Figs. 7 and 15, The stan- 
dards are placed 4 ft. apart, from centre to centre; they have a 
cruciform section, and vary in size from 12in.x6in., 1}in. 
thick, to 9 in. x6 in., 1} thick. In each case they are cast in 
4 ft. lengths, the joints being made with 1} diameter bolts mid- 
way between the standards, as shown in detail, Fig. 7. On the 
lower side they are secured to the main arched rib by 1 in, dia- 
meter bolts, placed 12 in. apart, and at top they are fastened to 
the horizontal wrought-iron girder by jin. bolts, 8 in. apart, 
which alternate with the rivets in the bottom flange of the girder. 
Horizontal struts of the construction shown in Figs. 5 and 6 
are placed between the main ribs, and bolted thereto. The dis- 
tance between them varies from 16 ft. 6in. to 8 ft. 4in., the space 
being governed by the length of the spandril standard. These 
struts are formed from two channel-iron rolled beams, 4} in. 
deep, }in. thick, and 14 in. wide across the top and bottom 
tables, placed back to back, and rivetted together, except at the 
ends, where they are opened out sufficiently to admit one web of 
the spandril standard, while the ends are turned back to bear 
against the other web, to which they are fastened by two 13 in. 
diameter bolts. Fig. 1 shows the method of vertical cross-bracing 
between the main ribs, adopted for this bridge. It consists of a 
series of cast-iron struts of the section shown, the top and bottom 
horizontal members being circular, and 4in. in diameter, and 
hollow to admit of the passage of a 1} diameter bolt, which secures 
them to the main ribs. There are two sets of struts to each seg- 
ment, or eighteen altogether tm the whole length. At the | 
and bottom of these struts tie rods, 1} in. in diameter, exten 
diagonally from rib to rib, forming a through system of hori- 
zontal pow | throughout the bridge. The spandril standards 
are tied together vertically by diagonal bracing rods 2in. wide 
by in. thick, and horizontally by bars of the same scantling, 
which do not cross each other, but are turned round at a distance a 
little short of the centre of each bay, and are bolted together by 
11 in. diameter bolts passing through iron distance pieces, which 
are suspended from the platform overhead, Figs. 13,14. The 
wrought-iron girders underneath the roadway are also similarly 
braced, horizontally and vertically, in each case with tie rods 
2hin. by §in.,and struts formed of two tee irons 1fin. by 
3+ in. by 3% in. are bolted horizontally to the bottom flange of the 
girders, as wellas to the top of the spandril filling, as shown in 
Fig. 15. 

it is to this complete system of bracing throughout the struc- 
ture that the bridge owes its lateral stiffness, the width being so 
small as compared with the length, that the greatest care was 
nec in designing this part of the work. Upon the road- 
way girders balks of timber, 13 in. square, are laid and bolted 
to the top flange at frequent intervals. Into these longitudiual 
timbers, cross beams of similar scantling, and 4 ft. apart, are 
tenoned in the method shown, Figs. 8 and 9, and upon them a 
close planked flooring, 3in. thick, is spiked. ‘The ballast 
which is laid over the platform to a depth of Qin., 
is prevented from falling over the sides of the bridge by 
cast-iron facias 12in. high, and panelled on the out- 
side, which run the whole length of the bridge. On these 
facias the handrailing is secured, and is of the design shown 
in the perspective sketch. Short pipes, 3in. in diameter, and 
about 6 in. long, are passed through the flooring, and carry off 
such drainage as may accumulate on the ballast. These pipes 
are placed in three rows, transversely, and at intervals of about 
20 ft. Before erection, all the girders were tested, and each 
segment of the main ribs was proved separately on the concave 
as well as the convex side, a load of about 70 tons being applied 
to the centre of each without causing them to show any perma- 
nent set, and only a deflection of about 0.08 in. 

Some of these pieces (slightly defective castings) were broken 
under a central load of 430 tons. As before stated, the bridge, 
though always in motion from the influence of expansion or con- 
traction, never turns in the least degree on the rounded heels at 
the springing of each rib, but rises and falls by virtue of its own 
elasticity. During the course of erection, the arched ribs have 
been known on a day to lift themselves clear of the scaffolding 
for a height of 12 in. 

The entire cost of the whole work was 11,494/., the original 
estimate having been 11,000/., the remainder being made up in 
extras, unforeseen at the commencement. ‘The scaffolding used 
in the erection of the bridge cost 1000/.,, from which, however, 
800/. was deducted for the value of material resold, and it con- 
tained 6800 cubic feet of timber and 5 tons of iron. 

The following is a detailed description of the quantities and 
material employed: 
Concrete ove 
Brickwork... ove oes - 2678 ,, ” 
Stone (for bedplates, coping pieces,&c.) 1780 cubic feet 
Timber in sheet piling e 938 
Creosoted fir in beams and 


+» 38344 cubic yards 


” ” 








Before the opening of the railway for public traffic the bridge 
was tested with a moving load of 45 tons (an engine and tender) 
on each pair of rails by Captain Tyler, who registered the 
greaest deflection as 4in., and reported the whole work to be 
entirely satisfactory. 

As we have already observed, we are indebted to the kindness 
of Mr. John Fowler for the drawings from which our illustra- 
tions were prepared, as well as for the particulars now published. 








THE CONVERSAZIONE AT THE INSTITU- 
TION OF CIVIL ENGINEERS. 


On Tuesday night last there was held at the Institution of 
Civil Engineers the forty-ninth Annual Conversazione of the 
association. The present house of the Institution affords but 
limited space for meetings of this kind; but as the number of 
invitations issued was confined to the numbers which the rooms 
would accommodate, little inconvenience was experienced from 
crowding. The whole of the rooms of the building were thrown 
open on Tuesday evening, the walls of the library, as well as 
those of the upper apartments, being hung with a most valuable 
collection of pictures, embracing some of the most celebrated 
works of modern masters, which had been lent for the occasion 
by various members of the Institution. Disposed about the 
rooms were a number of bronzes and other works of art, a ver 
large proportion of these being exhibited by Messrs, Howell, 
James, and Co.; and there were also on the various tables port- 
folios, containing very interesting series of water-colour sketches 
and photographs. Amongst the latter we noticed some very fine 
photographs of the principal works on the Cavour Canal. ‘The 
staircases and landings were decorated with statues and flowers 
in a very tasteful manner, and groups of flowers ware also placed 
in the various windows, 

It is, however, with the large hall, in which were placed the 
models and drawings of engineering works, together with some 
working models of machinery, that we have principally to do. 
One of the largest and most important models exhibited was 
that of the floating dock at St. Thomas in the West Indies, 
now in course of construction by Messrs. N. Scott Russell and 
Co., of Cardiff, from the designs of Mr. F. J. Bramwell. Of 
this dock we were enabled, through the kindness of Mr. Bram- 
well, to give a full illustrated description in this journal a few 
weeks ago (vide page 231 of the present pan pe g and it will, 
therefore, be only necessary now to repeat some of the principal 
dimensions. The dock is 300 ft. long by 100 ft. wide outside, 
and has a clear width inside between the side girders of 72 ft. 
As the vessel which is being docked may overhang at the ends, 
the dock will be capable ot accommodating the largest West 
India mail steamers, and it is expected that twenty minutes 
will suffice for sinking it, and an hour and a half for raising it with 
its load. Its cost will be about 85,000/, and the total weight of 
the ironwork, &c., contained in it is about 3000 tons. The 
model exhibited was accompanied by some interesting photo- 
graphs showing the progress of the work. Near the model of 
the St. Thomas Dock was a beautifully executed workin 
model, exhibited by Messrs. John Penn and Son, of the trun 
engines, of 1350 nominal horse power, constructed by them for 
the Minotaur and Northumberland. Every part ot the real 
engines is faithfully represented in this model, and we may 
mention here that, as in the case of other models made b 
Messrs. Penn, nearly all the pieces, notwithstanding their 
minuteness, are shaped entirely by machinery. At Messrs. 
Penn’s works at Greenwich, a small workshop is devoted to 
the construction of these models, and is, as may be supposed 
— with machines specially constructed for this light and 
delicate work. At the end of the hall was another equally 
beautifully finished model, lent for exhibition by Messrs. 
Maudsley, Sons, and Field, of the three-cylinder engines of 
500 nominal horse power, constructed by them for H.M.S. 
Octavia. Near Messrs. Maudsley’s model were two contributed by 
Mr. J. A. D’Samuda, M.P., the one of a proposed sea-going cupola 
ship of 38500 tons burthen on Captain Coles’s principle, and the 
other of the beautiful yacht Mahrousse, designed by Mr. S. W. 
Langs and recently built by Mr. Samuda for the Viceroy of Egypt. 
Her length between perpendiculars is 360 {t., and over all 400 ft., 
her beam being 42 ft. and depth 29 ft. She was fitted by 
Messrs. J. Penn and Son with a pair of paddle engines of 800 
nominal horse power, the cylinders, which are oscillating, being 
100 in. in diameter, with a stroke of 8 ft., and she attained on 
her trial trip the great speed of 184 knots per hour. 

Amongst the most interesting of the models in motion shown 
on Tuesday, was a small working model of one of Messrs. Carrett 
and Marshall’s coal-cutting machines, which was exhibited at 
work. ‘This machine consists of a horizontal cylinder, supported 
by a simple carriage we upon # tramway, laid upon the floor 
of the mine parallel to the face of coal to becut. The rod of the 
piston working in this cylinder carries three cutters, which, 
duriug the out-stroke of the piston, cut a groove in the coal to 
the depth of 4ft- One-third of this depth is cut by each cutter, 
so that the stroke required is only about 16in. The piston is 
moved by water admitted to the cylinder at a high pressure, the 
valves being moved by a simple arrangement of sliding-bar, 
which also works the chain gear by which the machine shifts 
itself along the rails. In order to keep the machine steady 
during each cutting stroke, there is placed at the upper part of 
the carriage a small vertical hydraulic cylinder, the plunger of 
which can press against the roof of the working. The water is 
admitted into this cylinder during each outward stroke, and 
released from it during each inward stroke of the cutting tool, and 
the machine is thus alternately locked fast and left free to move 
along the rails. All the movements are self-acting, and an 
arrangement is provided by which the tools can be set to cut at 
any horizontal angle. There are at present five of these ma- 
chines in actual use, two being employed at the Kippax Colliery, 
where it was originally introduced, whilst one is working near 
York, another at Newcastle, and another in Scotland. One 
is also being now constructed for Cannock Chase, and it is 
expected that it will soon be in operation. When worked at 
16 strokes per minute, with a supply of 30 gallons of water per 
minute, at a pressure of 300 lb. per square inch, this coul- 
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‘flooring 3400 }, 
34 


The total weight of cast iron 8 tons 
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cutting machine is found to under-cut the coal to a depth of 
4ft., at the rate of 15 yards per hour. Its cost is about 1264. 
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Two sewing-machines were also exhibited in action, the one 
by Mr. W. F. Thomas and the other by Messrs. J. Keats and W. 
S. Clark; the former being employed in glove-making, whilst 
the latter was adapted for heavy work, such as harness, and for 
soleing boots and shoes. This last machine was made by Messrs. 
Greenwood and Batley, and is a two-thread machine, forming a 
knot at each stitch ; it is furnished with an ingenious arrange- 
ment for drawing each stitch tight as it is made. Another ma- 
chine, by Messrs. Greenwood and Batley, was also exhibited—a 
machine for cutting dovetails, which appeared to produce excel- 
lent work. The same firm also showed a number of specimens 
of Parnacott’s grinding-wheels, together with samples of their 
work; these wheels are now coming into extensive use for grind- 
ng steel. Mr. J. B. Fenby, of Birmingham, exhibited speci- 
mens of the new form of lock invented by him, and described in 
a paper read before the Institution of Mechanical Engineers on 
the occasion of their meeting last month, We guve an abstract 
of Mr. Fenby’s paper in this journal three weeks ago (vide page 
817), and to this we must refer for a detailed description of his 
lock. Its principal peculiarity is, that the stem of the key which 
is employed for opening it is entirely independent of the “ bit” or 
portion by which the levers are raised, this bit being placed in a 
radial slot in a disc which is turned round by the stem of the 
key. The arrangement is such that the “ bit” is dropped inside 
the door to which the lock is applied when the key is turned, 
and us any false * bits” with which it may be attempted to open the 
lock are similarly delivered, only one trial can be made with each, 
and their presence within the safe or apartment to which the lock 
is fitted will show, when the door is next opened, that an attempt 
has been made to tamper with the lock. The exactness with 
which the lock can be made was shown by a false bit applied to 
one of the locks exhibited. This false bit differed almost imper- 
ceptibly from the trne one, and yet it failed in opening the lock, 
but was detained inside. Mr. Fenby also showed a machine in- 
vented by him for cutting the “bits” of the keys. This some- 
what resembles a small lathe carrying between its centres a small 
circular saw. The “bit” to be cut is supported upon a slide- 
rest, which can be approached to or withdrawn from the saw by 
means of a horizontal eccentric wheel. This wheel is furnished 
around its circumference with sixteen holes, these holes serving 
to retain the wheel in any required position by means of a detent 
which drops into one of them. By turning this wheel the “ bit” 
is advanced towards the saw, and the edge of the bit is thus 
cut in for a depth indicated by the hole of the wheel, into which 
the pin falls. Notwithstanding the greatest care, the saws some- 
times become oval in the process of hardening, and this has, of 
course, the effect of increasing their diameter, the longest 
diameter of the oval being practically the diameter of the saw. 
To compensate for the irregularity which would be thus caused, 
the slide-rest, which carries the “ bits,” is furnished with a fine 
screw-adjustment, by which its distance from the centre of the 
saw can be regulated. The longitudinal movement of the slide, by 
which it can be shifted so as to bring successive portions of the 
* bit” under the action of the saw, and thus cause the former to be 
cut into a series of steps, is effected by a couple of screws, the 
points of which bear one on each side of the slide. The head of each 
screw is marked with numbered divisions around its cireumfer- 
ence, and in setting the slide the screws are turned so that the 
same numbered division on each screw head corresponds with a 
mark on the frame. It is evident that with this arrangement 
any wear which took place at the points of the screws would 
cause the slide to become loose between them, and to avoid this 
one of the screws is furnished with a kind of auxiliary screw 
by which its Jength can be virtually increased so as to compen- 
sate for any wear. ‘The portion of the slide by which thee bit” 
that is being cut is held, is carried by trunnions at each end, so that 
it can be partially turned round, and thus cause the rounding off 
of the edge of the bit which is presented to the saw. In ad- 
dition to the lock and “ bit’’ cuttmg-machine above mentioned, 
Mr. Fenby also exhibited a commoner and cheaper form of lock 
intended for general use. ‘The peculiarity of its arrangement 
is that the tail of the bolt, instead of being rigid, as is usually 
the case, is formed by the hinged levers of the lock, which are 
raised by.the key. Near the end of these levers there is formed 
a oneal slot, which accommodates a stud fixed upon one arm of 
a bell crank, the other arm of which extends over the bolt. 
When the levers are raised by the proper key they do not move 
this bell crank, bat when a key which does not fit is introduced 
and pressure applied, the side of the curved slot, pressing against 
the stud in the vertical arm of the bell-crank, depresses 
the horizontal arm and causes its extremity to fall into a 
notch in the top of the bolt, thus preventing the latter 
from being drawn back. This arrangement appears to bea very 
simple and effective one. We may mention that Mr. Fenby’s 
locks are now being made under his patent by Messrs, Whitfield, 
of Birmingham. 

Some models of an iron breakwater, to be used either with or 
without stone filling, was lent for exhibition by Mr. P. Pritchard 
Baly. This breakwater consists of a number of A-shaped iron 
frames, strongly trussed, connected by longitudinal girders, and 
covered on both sides with a series of steps formed of either 
cast or wrought iron plates. One of the models shows a break- 
water, constructed for the Black Sea, in which no filling is 
employed ; but in an adjoining model the space between the face 
steps was shown filled for the greater portion of its height with 
broken stone. Another civil engineering work, of which a model 
was exhibited, was the roof of the new railway station at 
Cannon-street, just erected by Messrs. Cochrane, Grove, and Co., 
aceording to the — of Mr. John Hawkshaw, We were 
kindly enabled by Mr. Hawkshaw to give a detailed and illustrated 
description of this roof in ENGINEERING some weeks ago (vide 
page 141 of the present volume), so that it will be unnecessary 
now to say more than that the model, which was a large one, 
showed one of the principals, together with the travelling stage 
employed in erecting it. 

Mr. H. Skinner, of Worcester, exhibited a model of his ar- 
rangement of locking points and signals, as applied on the West 
Midland Section of the Great Western a According to 
Mr. Skinner’s arrangement, each point-handle carries a stud 
which works ia a curved slot in a corresponding link carried by 
a shaft running along one side of the frame ageing the 
handles. When any pair of points is moved by pulling over the 
lever, the stud on the lever acting on the curved link ly 





rotates the shaft and, by means of claws fixed on the latter, 
locks the levers of those signals which in the new position of the 
points should not bemoved. Another invention connected with 
permanent way, of which a model was exhibited was the patent 
switch box of Mr. James Deas, of the North British Railway. Mr. 
Deas’s arrangement, which has been successfully tried on most 
of the principal lines, reduces the number of separate parts in a 
switch box and handle from sixteen to four, and renders un- 
necessary the timber frame upon which the ordinary switch box 
is fixed. Mr. Deas’s switch box consists of a tubular casting 
furnished with a bedplate which is imbedded in the ballast, and 
with jaws on its upper side for the reception of the pin of the 
switch lever. The switch lever has the balance weight cast 
upon it, and it is made with an eye at its lower end, into which 
a hook at the end of the switch rod enters. The whole ar- 
rangement is excessively simple and free from liability to 
derangement. Mr. Deas also showed an arrangement of 
switches and switch indicator. Mr. Griffin exhibited a model of 
his iron sleepers with suspended rail and wooden cushions, 
adapted for Indian lines. 

Amongst the mechanical models we noticed a neat working 
model to a large scale of Messrs. Esplen and Clarke’s hydraulic 
steering gear, which is adapted for transmitting the power 
exercised by the steersman through a considerable distance to 
the rudder. The transmitting portion of the apparatus consists 
of two hydraulic cylinders placed in one line at a short distance 
apart, the mouths of the cylinders at which the plungers enter 
being opposed to each other. The plungers of the two cylinders 
are joined together, so that they may be considered as a single 
plunger, of which the one end enters the one cylinder and the 
other end the other cylinder. ‘The rotation of the steering 
wheel is made, by means of a screw, to give a longitudinal 
movement to this plunger, which is thus withdrawn from the 
forward and forced into the after cylinder, or vice versa, accord- 
ing tothe direction in which the wheel is turned. The rudder 
head carries a couple of toothed quadrants, into which gear racks 
connected te the plungers of another pair of hydraulic cylinders 
placed one on each side of the vessel. Each of these cylinders is 
connected by a pipe with one of the cylinders first mentioned, 
and it will thus be readily understood that, when the cylinders 
and pipes are filled with water, any movement given by tle 
steering wheel to the plungers of the transmitting cylinders will 
be communicated to rom of the receiving cylinders and thence 
to the rudder, Near Messrs. Esplen and Clarke’s steering gear 
was a surprising machine for cleaning bottles, exhibited by Mr. 
Jobn Walker. This machine consisted of an arrangement for 
holding eight bottles and shaking them mildly to and fro, at the 
same time giving them a slow rotary movement. Until we 
turned the handle of this machine we certainly had no idea of 
the obstinacy with which some bottles appear to refuse to be 
shaken. Perhaps “ bottle-shaking” by machines of this class 
might be substituted for “crank” labour in some of our convict 
prisons. 

Mr. E. A. Cowper contributed'a couple of neat and useful in- 
struments for exhibition, the one being a pressure gauge for 
measuring very slight pressures, and the other a pyrometer for 
testing hot blast. The pressure gauge consists of a very flexible 
circular diaphragm, of one square foot area, enclosed in a double 
convex metal case. The air or gas, the pressure of which is to 
be determined, is admitted to the one side of this diaphragm, 
whilst against the centre of the other rests the extremity of the 
vertical arm of a light bell-crank lever, the horizontal arm of 
which projects through the case, and is furnished with a sliding 
weight for measuring the pressure. Mr. Cowper's pyrometer 
consists of a double copper vessel capable of containing a pint of 
water, and furnished with a thermometer fitted with a sliding 
seale. In connexion with this vessel is used a piece of copper 
of such a size that its specific heat is to that of a pint of water 
as 1 to 50. This piece of copper is heated in the hot blast, and 
then dropped into the water contained in the vessel, the rise in 
the temperature being read off by the sliding scale, the zero of 
which has been previously adjusted to the original temperature 
of the water. From the rise in the temperature of the water 
thus ascertained, the temperature of the blast can of course be 
readily calculated. Near to the instruments above described, 
were exhibited models of the equilibrium slide-valves of Messrs. 
Adams and Parsons, and the roller slide-valves of Captain R. C. 
Bristol, both of which were described in the last number but two 
of this journal, at pages 332 and 333 respectively. Close by 
also were a well-finished little model of ‘Thomson’s universal 
joiner, a calculating-machine by Mr. W. Bell, and one of Gamble’s 
salinometers, of which we gave an illustration last week. 

Several instruments involving the use of electricity were exhi- 
bited, and amongst them an electric clock, lent by Mr. C. W. 
Siemens, which had its speed regulated by a delicate form of 
that gentleman’s gyrometric governor instead of by a pendulum. 
A full-sized gyrometric governor also, of the kind illustrated and 
described by us at page 240 of the present volume, was exhibited 
by Mr. Siemens. Mr. R. H. Burnett lent for exhibition one of 
Stroh’s instruments for measuring the speed of trains, as tried 
upon the Metropolitan Railway. The arrangement consists of a 
train of clockwork contained in a small brass case, this clock- 
work moving a hand over # dial graduated around its cireum- 
ference. Just inside one of the rails run over by the train of 
which the speed is to be measured, are placed, at a convenient 
distance apart, say a quarter of a mile, a couple of “ triggers,” 
which are acted upon by the flanges of the wheels. When 
the first trigger is depressed by the leading wheel of the 
engine, a current of electricity is transmitted to the case con- 
taining the clockwork, and the latter set in motion, this motion 
continuing until the second trigger is depressed, when a second 
current is transmitted to the case, which stops the clockwork. The 
distance moved through by the hand during the passage of the 
train from the one trigger to the other of course gives the time 
occupied in the transit, and the distance between the triggers 
being known, the speed of the train could be easily calculated. 
To save this trouble, however, the graduations on the dial 
are numbered with the s in miles per hour to which 
they correspond. Mr. J. Sax exhibited a set of his electric 
bells for use in private houses or large buildings. Such 
bells are eatenahaly used on the Continent, and there seems 
to be no reason why they should not be equally adopted 
here. Electric bells are rung merely by a slight pressure 





upon a button, the distance of this button from the bell in 
no way affecting the ease with which it is rung. According 
to Mr. Sax’s arrangement the bells are connected with a tablet, 
which indicates which bell has been rung, the indication remain- 
ing until removed by the servant who attends to the bell. Mr. 
Sax also exhibited an apparatus for communication between the 
guard and driver of a railway train, as well as some other signal- 
ling arrangements. Close to Mr. Sax’s bells also were a number 
of specimens of telegraph cables, having the conductors insulated 
by Mr. Hooper’s india-rubber, which appears to give excellent 
results. A model of an electro-motive engine, in which the com- 
matator is worked by an eccentric, was exhibited at work by 
Mr. J. Phillips. 

In connexion with gas engineering, was exhibited by Mr. W. 
Sugg, a jet photometer for registering the illuminating power of 
gas-burners, which has for some time been in use by several of 
the principal metropolitan and other gas companies, Its action 
is founded upon the fact, discovered by Mr. George Lowe, that 
if a jet be supplied with gas maintained at a constant pressure, 
the height of the flame will be varied by a change in the illu- 
thinating power of the gas. In the jet photometer a small jet is 
supplied with gas by means of a delicate arrangement for main- 
taining a constant pressure, and the whole arrangement is 
enclosed in a case, which is furnished with an efficient means 
of ventilation, and yet defends the flame from any currents of 
air which would render the results obtained inaccurate. The 
front of the box is of glass, and is graduated with a scale, by 
means of which, together with a similar scale at the back of the 
case, the height of the flame can at any time be accurately 
ascertained. When variations in the height of the flame are to 
be registered, the light is allowed to fall through a slit upon a 
piece of sensitized paper, having a transverse movement in a 
photographic camera, anc by this means a continnous image is 
obtained, the height of which at different points shows the height 
of the flame at different times. 

The present notice of the conversazione has already extended 

to such a length, that we are compelled to dismiss with merely 
a passing notice many models and other articles of interest. 
Amongst these are Spencer’s repeating rifle, a model of Mr. Fay’s 
continuous railway brake, a model of a caisson for the Lime- 
kiln new dock, sent by Mr. Kinnipple, a number of specimens of 
steel and iron bars, shown by Mr. Bb: Kirkaldy, a piece of water- 
pipe from Bath, in which incrustation had taken place at the 
rate of 23 lb. per foot run or 5.42 tons per mile, Mr. W. Hewett’s 
‘*Prince Alfred” balanced rudder and feathering screw, and 
many others which our space will not allow us even to mention. 
_ Between 400 and 500 gentlemen responded to the President’s 
invitation on Tuesday evening. To give a full list of all those who 
attended is simply impossible, but among the number the fol- 
lowing were observed: the Earl of Shrewsbury, Earl Devon, 
Earl Caithness, Earl Grosvenor, M.P., Lord Colville, Lord 
Houghton, Vice-Chancellor Stuart, Vice-Chancellor Page Wood, 
Mr. Baron Bramwell, Mr. Justice Keating, Lord Claude 
Hamilton, M.P., Lord Richard Grosvenor, M.P., General Lefroy, 
Col. Sir W. Gordon, Admiral Halstead, Sir W. Tyrone Power, 
Col. M’Murdo, Col, Sale, Col. Collyer, Major Hyde, Major Webb, 
Sir Charles Locock, Bart., Dr. Watson, Dr. Copland, Mr. Skey, 
Prof. Partridge, Dr. Quain, Dr. Perey, Prof. Abel, Prof. Willis, 
Mr. E. Chadwick, C.B., Mr. Babbage, Mr. J. Rennie, F.R.S., 
Dr. Ogle, Mr. Frith, R.A., Mr. C. Landseer, R.A., Mr. Sant, 
Mr. H. W. Phillips, Mr. G. Stanfield, Mr. F. Earle, Mr. Davis, 
Mr. E. W. Wyon, Mr. Beresford Hope, M.P., Mr. Tite, M.P., 
Mr. E. M. Barry, Mr. T. H. Wyatt, Mr. Marrable, Mr. Digby 
Wyatt, Mr. I. Gould, F.A.S., Mr. H. Ames, ete. Among the 
members and associates of the Institution were Sir J. 
Rennie, F.R.S. and Messrs. Bidder, Hawkshaw, and M‘Clean, 
Past-Presidents; Messrs. Gregory, Scott Russell, Hawksley, 
and Cubitt, Vice-Presidents; Messrs. Vignoles, F.R.S., W. H. 
Barlow, F.RS., Bateman, F.R.S., T. E. Harrison, Hemans, 
Abernethy, Murray, Freeman, and Kelk, M.P., Members of 
Council; Messrs. Fairbaisn, F.R.S., Penn, F.R.S., Samuda, M.P., 
Humphreys, Matthew, Mitchell, Bramwell, Berkley, Carpmael, 
Turnbull, P. W. Barlow, F.R.S., C. Waring, M.P., Brassey, 
Baker, Bassett, Bethell, Brereton, Kitson, Neilson, Maudslay, 
Swanwick, C. and T. Lucas, Siemens, F.R.S., Cowper, May, 
Ramsden, G. Leemen, M.P., Grierson, Cawkwell, J. S. Forbes, 
H. W. Blake, J. P. Leather, Clutton, R. W. Graham, Rouse, 
Redman, Rawlinson, C.B., Ogilvie, Grantham, Greaves, Z. 
Colburn, T. Marr Johnson, Brereton, Coode, Carr, Ravenhill, 
Sinclair, &c., with C. Manby, F.R.S., Honorary Secretary, and 
James Forrest, the Secretary. 








Tur Ames Gun.—Mr. Horatio Ames, the patentee and manu- 
facturer of the gun which bears his name, and which has been 
repeatedly tried with extraordinary results by the ordnance 
officers of the American Government, has lately brought it under 
the notice of the Emperor of Russia. The resources of the 
Russian gun factories were at once placed at Mr. Ames’s dis- 
posal, together with a liberal appropriation of money to establish 
the manufacture in that country; but we believe the offer has 
been declined, and indeed no experienced ironmaster would 
think of commencing such an undertaking in a country so 
lacking in skilled labour and in general facilities for special 
manufactures of iron as Russia. 

Tue Non-Recor Gun.—Mr. Harding, the inventor of the 
non-recoil gun, the construction and principle of which we have 
fully described in several recent numbers of ENGINEERING, has 
lately brought it under the notice of the French and Belgian 
Governments, who have each appointed a commission to examine 
and report upon its merits. It is a singular fact that promising 
inventions of this kind so seldom receive any official encourage- 
ment in England. Mr. Harding is “ drawing,” at the Hydraulic 
Tube Company’s works, a gun of 4 in. bore, with 2in. thickness 
of steel around the chamber, and we hope soon to be able to give 
the practical results of a conclusive trial of the must extra- 
ordinary system of ordnance known to modern times. 

THE LATE Mr. Spon.—Mr. Edward Spon, the senior member 
of the well-known publishing house of Messrs. E. and F. N. Spon, 
died at his residence at South Hackney, on Wednesday week, in 
the 75th year of his age. It may be observed that his decease 
does not aifect the extensive business now carried on by his sons, 
as publishers of engineering and mechanical books. 
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IMPROVEMENT OF THE GODAVERY. 


In a former article on this subject (vide ENGINEER- 
1NG for April 27th, page 265), we furnished a descrip- 
tive account of the Godavery river, and of its tribu- 
taries, and pointed out the three chief impediments 
existing in those rivers, which at present obstruct the 
navigation, during the greater portion of the year, be- 
tween Coringa and Natchengaum ; but, before further 
noticing the several peculiarities of these rocky bar- 
riers, it will be as well to record a few additional par- 
ticulars regarding the Godavery and its affluents, and 
the extent to which navigation on them is at present 
practicable. 

The extreme height to which the floods rise varies, 
of course, with the width, depth, and inclination of the 
channel at every point, but it may be said generally to 
increase from 30 ft. above the summer level in the 
upper part of the Wurdah, to 80 ft., and perhaps 100ft., 
where the river passes through the hills before it enters 
the Delta. In general, the current rarely exceeds five 
or, at most, six miles per hour. During the greater 
part of the flood season, from July to October inclu- 
sive, steamers would seldom meet with any current 
greater than three miles per hour, and at all other 
times of the year the average velocity does not exceed 
one-and-a-half miles. 

There is always sufficient depth of water in the 
Godavery for boats or steamers, drawing 3 ft., during 
six or seven. months of the year, and for boats of 
lighter draught, for eight or nine months, and were 
it not for the obstructions caused by the rocks at 
Sinteral, Enchampilly, and Dewalamurry, continuous 
navigation would be practicable during the latter 
period to a distance of 450 miles from the sea, but in 
consequence of these impediments boats cannot as- 
cend the river further than 220 miles from the sea, 
during more than two-and-a-half or three months of 
the monsoon season, nor beyond a distance of 140 

miles for more than four months of the year. 

From measurements taken of the depth and dis- 
charge at several of the worst shoals on the river, it 
would appear that the Godavery and Wurdah are navi- 
= from Dowlaishwaram to Natchengaum, when the 

ischarge of the river, at the former place, is 2,000,000 
cubic yards per hour. With a discharge of that amount 
at Dowlaishwaram, the discharge of the Godavery 
proper above the confluence of the Pranhita would be 
833,000 cubic yards; of the Pranhita, 834,000 cubic 
yards ; of the TIndravutty and Sebbery, 333,000 cubic 
yards ; and of the united amount of 2,000,000 cubic 
yards, the Wurdah will contribute 415,000 cubic yards 
per hour. This calculation is based on the assumption 
that the discharge of each of the tributaries, after the 
cessation of the rains, will generally be to that of the 
main river in the ratio of the areas of their respective 
drainage basins. In this state the Pranhita and Wur- 
dah are navigable by boats drawing 3 ft., and there is, 
on an average, the above-mentioned quantity of water 
in the river during seven months of the year, namely, 
from the 20th June to the 20th January. There is 
always a considerable quantity of water in the river by 
the 20th June, which, as the monsoons advance, must, 
of course, continually increase, and it has been calcu- 
lated that the average discharge of the Godavery at 
Dowlaishwaram is, on the Ist December, 4,500,000 
cubic yards; on the Ist January, 2,400,000 cubic 
yards; and, on the 1st February, 900,000 cubic yards 
per hour. In the natural state of the river, navigation 
is limited by the Sinteral and Enchampilly barriers to 
from two and a half to three of the monsoon months, 
while up to the foot of the Enchampilly barrier, or 
throughout 220 miles of the river, it is practicable 
during four months, though, of course, with intervals of 
interruption ; hence it appears that what is chiefly re- 
quired for the improvement of the river is the removal 
of the obstructions at Sinteral, Enchampilly, and 
Dewalamurry, and, this once effected, continuous navi- 
pation will be practicable throughout a length of several 

undred miles of the river during from six to nine 
months of the year. 

The entire length of the first or Sinteral barrier, in- 
cluding the basin in the middle, is 7.6 miles; it is 
divided into two parts. The upper, 4 miles in length, has 
a fall of 17 ft. in summer from the level of the water 
above it to that in the basin below. The lower part is 
1.6 miles long, with a fall of 13 ft. ; and the basin lying 

tween the upper and lower parts is 2 miles in 
length, the water in it being on almost a dead level. 

e width of the river is here from 1500 yards to 
about a mile; the highest floods rise 37 feet above the 
summer leyel at Parnashala—the upper end of the 
barrier—and 43 ft. at the lower. On the left bank of 
the upper mass of rock, and near its lower extremit 


natural drainage channel, which it has torn open to a 
width of from 60 to 100 yards, and a depth about equal 
to that of the river ; by this channel a considerable body 
of water passes all the year round, and in floods it is 
practicable for boats at some times when the river is 
impassable. In the lower barrier there are two 
principal channels, one on each side of the river; in 
width they are about the same, but the fall being much 
more equally distributed in that of the left bank than 
in the other, the passage through it is practicable for 
a longer period. The average depth of these channels 
is about 6 ft., and their sides are generally sloping and 
ill-defined... The channel on the right bank has its fall 
of 13 ft. almost entirely at its lower extremity, where 
the mouth is choked up by rocks ; that on the left bank 
is at a distance of about 250 yards from the bank, and 
has a width varying from 60 to 150 yards. The depth 
of the basin between the barriers varies in summer 
from 4 to 6 feet. 

Two means of passing this barrier were originall 
suggested, viz., by cutting a passage through it with 
an uniform inclination, or, by means of locks placed in 
the bed, and so constructed as to bear pet arts 
during the flood season, but they were speedily 
abandoned in favour of a project for throwing an 
anicut (or dam) across the barrier at some favourable 
point so as to retain the water at an uniform level in 
summer, and to excavate a channel thence 25 miles in 
length down to Gunparum along the bank clear of all 
the rocks and difficulties in the bed, both at Bud- 
rachellum and Sinteral, and which would also cut off 
a great bend of the river near Budrachellum, and save 
a distance of about 6 miles in the length of the 
navigation. 

The outbreak of the mutiny, in 1857, prevented for 
the time the commencement of works of magnitude. 
Two small locks of a temporary character, built in the 
Sinteral barrier at a cost of about 800/., were opened 
in the spring of 1859, and boats not exceeding 90 ft. 
in length by 10 ft. beam were thus enabled to navigate 
the river to a distance of 200 miles from the sea. 
Before the projected permanent work of constructin 
a canal on the north side of the river, in order to aa 
this barrier, could be undertaken, several difficulties 
had to be overcome, since the land through which the 
canal would pass lay within the territories of the 
Nizam. ‘The inhabitants consisted of a lawless lot, and 
the zemindars levied imposts and land transit duties 
on articles passing through their territories. In 1850 
negociations were completed with the Nizam, and a 
cession obtained of the requisite land for these works, 
and in the following year preliminary arrangements 
were ordered to be made in the preparation of materials 
for the canal, 

In order to expedite communication up the Goda- 
very, it was determined to lay down tramways, so that 
goods might be conveyed by land past the barriers 
pending the completion of permanent works for effect- 
ing a continuous water transit ; but much obstruction 
was caused to their progress, owing to the prohibition 
by the Nizam.of the further export of coolies and car- 
penters from Hyderabad to the Godavery works. After 
the transfer of these works from the Madras Govern- 
ment to that of the Central Provinces in 1863, this 
plan was given up, and the construction of permanent 
works was pushed forward more vigorously. 

The permanent works now in course of construction 
at the first barrier consist of an anicut, or weir, stretch- 
ing nearly a mile in length across the Godaveéry, near 
the upper extremity of a rocky reach 30 miles in 
length, forming a capacious pool at its back at the head 
of the rapids, which is connected with the open water 
below the barrier by a canal nearly 23 miles in length. 
The site for the anicut is a bed of solid rock of very 
irregular section, which stretches across the whole 
width of the river, and has numerous hollows filled 
with decomposed rock and silt. The width of the 
anicut varies according to the depth, from 12 ft. to 
20 ft., and it will have an ascending slope on the upper 
surface of 1 in 6. Sluices will be provided in the 
anicut, by meaus’ of which the backwater may be 
lowered at pleasure’ to meet the necessity of repairs, 
and to act as scouring sluices in floods. Near the 
mouth of the large natural channel on the left bank of’ 
the river, a retaining wall will be constructed, pierced 
with sixteen large scouring sluices, over which will be 
carried an embankment raised to a height of 4 ft. above 
the level of highest flood; commencing at high ground 
at the back of Doomagoodiam, this embankment will 
be carried to the locks at the entrance to the canal, 
and thence over the scouring sluices, converting the 
channel into a portion of the canal, and protecting the’ 
canal against the floods of the river. entrance to 


double lock of 25 ft. width, and each with a length of 
200 ft. ; connected with it, and forming part of the 
structure, are three culverts, through which the canal 
will be supplied with water, and a fourth culvert for 
feeding and emptying the locks. 

The canal has a bottom width of 24 ft., its sides 
having a slope of 2to1. The fall per mile is 4in., 
and the total length between wing walls of head and 
tail locks is 22 miles 4451 ft. The canal in its course 
crosses several watercourses or local drainage chan- 
nels, and it is proposed to receive into it the discharge 
from most of them during floods. The soil through 
which the canal is dug varies considerably, but for the 
most part consists of decomposed rock and hard strata, 
necessitating the use of pick and crowbar for its 
removal. At the lower end the accumulated differ- 
ence of fall between the river and canal amounts to 
69 ft., which will be overcome by a series of seven 
locks ; for the last eight miles of its course the surface 
of the canal water will be above the general level of the 
country, and will thus be available for irrigation. As 
the general level of the river bank is lower than the 
surface of the Godavery during its highest floods, a 
continuous line of pret Sie will be constructed 
along the entire length of the canal. 

The above works are now being pushed on as rapidly 
as the funds allotted for the purpose will admit. Up 
to the end of 1864-65 about one-quarter of the entire 
masonry and earthworks had been completed, at 
which date the anicut had been carried for a length of 
4100 ft. across the river from the left bank, leaving a 
distance of 1260 ft. still to be done. It is not impro- 
bable that some further alteration may yet be made in 
the length of the canal by constructing it only of suffi- 
cient length to connect the navigation of the river 
above the dam with that below it. 

At the Enchampilly barrier the width of the river 
varies in general from 800 to 1000 yards, but at 
Gumulconda, just above the Indrawatty, it is only 600 
yards. The highest known rise of the floods is 55 ft. 
above the summer level at Gumulconda, and 65 ft. at 
Nillampilly. In ascending the river in the month of 
April, when the water is not quite at its lowest, the 
width at about four miles below where the rocks are 
first met with, opposite the village of Daodulah, is 
about three-quarters of a mile; there is a bad shallow 
here, which boats find some difficulty in passing. 
Immediately above the river begins to decrease, deep 
still water succeeds the shallows, and the left bank is 
lined here and there with rocks. About half a mile 
below Tarlagudiam the river takes a sharp turn to the 
left round the end of a hill on the. right back, from 
which immense’ groins of rock run out as much as 
150 yards into the river; large masses of hard slaty rock 
now begin to appear in the bed, the upturned edges 
of the strata showing themselves here and there, both 
above and below water. From Gangaram the deep 
channel inclines to the left bank, which it closely 
follows up to some distance above Enchampilly, being 
confined to a width of from 50 to 80 yards by the 
mass of rock, which, rising to a height of from 20 ft. 
to 30 ft. above the water, fills all the rest of the. river- 
bed. This part of the channel is deep, and the current 
very slight ; but about 1} mile above Enchampilly, 
the channel narrows to about 30 yards, and winds 
through the rocky bed for a length of a mile over to 
the right bank; the current is here very strong. 
Beyond this the bed becomes more clear of rocks, the 
channel runs nearly mid river, and is both wide and 
deep, the rocks on both sides rising in some places to as 
much as,30 ft. above the surface of the water. Oppo- 
site Sindoor the rocky sides approach near to each 
other, and hem in the channel to a width of only 30 
ards, through which the river pours in a torrent. 
‘rom this point the channel gradually widens up to 
near the junction of the Indrawatty, and immediate] 
above the mouth of that river the Godavery turns pail 
denly to the west, and is barred across by a solid mass 
of rock for a distance of half a mile. A deep channel 
through the rock exists on the left bank to near the 
upper end of the mass, where further progress is 
arrested by a cascade of about 100 yards in length, 
down which the water falls from a height of 15 ft. 
Above this point the bed is more open, but large 
masses of rock are scattered over it for a distance of 
three miles; strong currents are met with up to 
Wadagoodiam, when the rock entirely ceases and the 
river rapidly widens. 

This barrier lias a total length of 10} miles, and a 
fall of 44ft.; at one point for a distance of rather over 
half a mile the fall is as gréat as 24 ft. per mile. 

In ascending the river, no difficulties are met with 
during the greater part of the navigation season to op- 
posite the.village of Enchampilly. It is proposed 
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overcome the difficulties of the rest of the barrier by 
throwing an anicut, constructed of loose stones, across 
the river at a point about a mile above Enchampilly ; 
its total length being 3675 ft., and height varying from 
12 ft. to 24ft. The difference between the level of 
water above and below the anicut would be 41 ft., the 
rocky bed itself forming a broad platform, 21 ft. in 
height, on which the artificial dam of 17 ft., with 
shutters giving another 3 ft. in height, would be raised. 
The passage past this anicut will be effected by works 
on the left bank, consisting of a three-fold lock. Very 
little has as yet been done in connexion with these 
works. 

The third obstruction, known by the name of the 
Dewalamurry barrier, is situated in a great bend of the 
river, which commences at the village of Soompatam, 
and terminates at that of Venkatpoor, about two miles 
to the north of Seerpoor. The length of the naviga- 
tion along the ial is 60 miles, while the direct dis- 
tance between the villages at its extremities is only 36 
miles. The barrier commences at the village of Dewal- 
amurry, from which it derives its name, and extends 
up to two miles beyond Daroor, making a length of 
35 miles. Rock is first met with in the bed near De- 
walamurry, and rapidly encroaches on the channel in 
the next few miles, confining it at last to a width of 
only 50 yards; about a mile below Chinchagundy 
the rock closes right across the bed, and from this 
point up to about 2 miles above Daroor on the Wur- 
dah the whole bed is one mass of it. A rugged and 
ill-defined channel may generally be traced through the 
rock, but in many cases it is a succession of cascades, 
and is full of projecting points of rock. The total 
fall from top to bottom of the barrier is 143 ft. in a 
distance of 35 miles, giving amean of 4 ft. per mile ; 
the height of the bank varies from 30 ft. to 40 ft., the 
width from 500 to 600 yards ; the extreme rise of the 
flood is about 40 ft. above the summer level. 

There is nothing to record of any works commenced 
for the purpose of carrying navigation past this third 
barrier. Probably, for the present, nothing of that 
sort will be undertaken, but communication will be 
effected between Dewalamurry and Chaudah, by means 
of a road, for which surveys are now in course of pre- 
paration. 

Up to the end of 1864-65, the entire expenditure 
on the Godavery improvement works had amounted to 
286,000/., and} to complete the works to the extent 
at present contemplated is expected to cost above 
500,000/. more. The results of past expenditure are 
not very encouraging, a comparatively small result 
only having been as yet attained. ‘The work was 
pushed forward in the first instance, in order to meet 
the interest in it evinced by the English public, before 
regular designs and estimates bad been prepared, or 
the subject sufficiently considered. When completed, 
it will probably be found that a river navigation, for a 
portion only of the year, has been obtained for a dis- 
tance of 309 miles from the sea to Dewalamurry, at a 
cost somewhat in excess of that for which a road of 
a similar length, and passable all the year round, might 
have been constructed. 





Iron or Amertca.—The United States Revenue Commis- 
sion have laid before the Secretary of the Treasury a report in 
regard to iron and steel, comparing the resources of this coun- 
try with those of Europe, Asia, and America. We learn that 
in 1830, the United States became the largest consumers, and 
continue so to this time. Our national advantages for the 
production of iron and steel are not surpassed in the world, and 
we have learnt to avail ourselves of them. We shall soon become 
the largest producers, although it must be long before it can be 
to our interest to send iron from our shores. England now em- 
ploys iron to the extent of 160 1b. per head of population, and 
éxports more than she consumes. We manufacture 1,500,000 
tons, and import about 300,900 additional. Our consumption 
does not exceed 130 Ib. per head. The Commission report that, 
in the manufacture of steel, our country has nearly emancipated 
itself from dependence upon others. ‘The American cast steel 
has been tried throughout all the manufacturing States by the 
most skilful manipulators of fine cutlery, tools, and in both 
heavy and delicate machinery, and the evidence of its excellent 
quality is beyond dispute.—New York Herald. [To the above 
American view of the case we may add, that the extensive 
manufacturers of Ames’s shovels still find it necessary to send to 
England for their steel; the iron for the Springfield muskets 
goes from England; Lowmoor and Bowling tyres have the pre- 
ference on nearly all American railways, and we believe that 
nearly all the attempts to manuficture Bessemer steel from 
American iron have been only partially successful.—Ep. E.] 

Farau Borner Expvosions.—Two fatal boiler explosions 
occurred at collieries in the north on Sunday. At Marley-hill 
Pit, in the county of Durham, one of a set of boilers burst, 
doing an i of damage to the engine-house and 
surrounding buildings. James Ellis, the fireman, was killed on 
the spot. About 6 o’clock on Sunday evening « boiler connected 
with West Moss Colliery exploded. A fragment of the boiler 
struck a child which was in its mother’s arms, and killed it on the 
spot; and the fireman, a man named Gray, was so badly injured 





CLAMOR AESTUS, OR “TIDE-SHRIEK.” 
By H. Tamece Humpureys, Assoc. Inst. C.E. 


Amone the treacherous sandbanks that are so 
numerous in our tidal seas, as well as on the rocks 
and headlands of our coasts, the want of regularly esta- 
blished fog-signals is a source of danger to navigators 
who meet with those obstructions in the great channels 
of communication, or, worse still, as intricacies in the 
fairway of their entrance to important harbours. 
Take, for examples, the Goodwin Sands, the Shingles, 
off Ramsgate, the Verne and Ridge Shoals, not quite two 
fathoms deep, between Dover and Calais, the entrance 
to Cork Harbour, the Wolf Rock, the Acklow, Wick- 
low, and Blackwater Banks, on the coast of Ireland, 
and many other localities which might be named, where 
the lighthouses and light-ships alread existing are 
altogether useless in foggy weather. Mista, which are 
very common in the Channel Islands and elsewhere, 
render the navigation at those places, and at such 
times, wholly unsafe. An efficient self-acting system 
of coast-warning by fog-signals would be a boon to ship- }! 
masters and pilots, by affording to them, in such em- 
barrassing situations, the necessary guidance which 
would undoubtedly save from destruction many a fine 
ship bewildered in the pathless mists, among the shoal 
waters subject to their visitation. 
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It is related that a passenger vessel, on its outward 
voyage to Australia, was once in imminent peril of col- 
lision with an iceberg, which, from its much lower 
temperature than the surrounding air, was, as usual 
in the case of those natural floating barriers, enveloped 
ina fog. The danger was averted in good time, for- 
tunately, by the echo of the ship’s whistle accidentally 
reverberated from the ice. On the “Grand Bauks” of 
Newfoundland, where fogs, constantly arising from the 
neighbourhood of the warm waters of the Gulf Stream, 
brood over the surface of the sea, whistles of the kind 
in common use on railway engines, but much larger, 
are kept in constant play, and answer admirably the 
purpose of warning the numerous fishing-vessels off 
the shoals. In the channel between the adjacent 
islands of Bute and Cumry, forming the narrow en- 
trance to the Firth of Clyde, where fogs of more than 
ordinary density prevail, one vessel, at least, is known 
to have gone ashore quite recently from this cause. A 
trumpet has been erected near the lighthouse, and is in- 
tended to be played by an Ericsson’s air-engine. The 
direction of the sound of this trumpet is_ plainly 
audible five miles from the shore; so that in foggy 
weather, being turned alternately up and down the 
channel, it serves to guide with safety the numerous 
fleet of vessels, wth and outward bound, that enter 
and leave by this channel the port of Glasgow. A 
bell-mouthed horn, and a steel dise revolving behind 
it, so as to produce a scraping noise, like the sharpen- 
ing of a hundred saws, was formerly directed, at the 
Queen’s Ferry, Edinburgh, across the Forth, and, being 
revolved by hand, the noise could be thrown aeross 
the Firth. In foggy weather a boat, adroitly guided, 
could cross the estuary without the least possibility of 
departure from the line of sound. 

The tower, of wrought iron, depicted in the accom- 
panying figure, and called the Clamor Aistus, which, 

eing literally translated, means the “ Tide-Shriek,” is 
a universal whistle-warning for the coast, constructed 
on the best principles of economy and durability, for 
producing an incessant warning note, and capable, if 
properly established and maintained, of protecting the 
maritime interests of this and, in fact, of all other 
countries from the catastrophes of the sudden fogs so 
common to dangerously-environed roadsteads through- 
out the world, 


The mechanical effect of the rise and fall of the 
tidal swell acting in a certain given area, which, in the 
figure, is the basement of this tower, is less than what 
might at a first su = be expected, but being 
most readily available in all situations where the 
Clamor Astus would be used, and the contrivance of 
the “ Tide-Shriek ” being to store up the accumulated 
effect for any length of {\me, tie tower of the Clamor 
Astus is truly an exhaust(ss water power, in constant 
readiness for any emergency of haze mist or fog that 
may arise. 
‘o understand the mechanism contained within the 
plates, angle irons, rivets, &c., which compose this 
tower and its base, it is only necessary to inspect the 
two apne ye sketches that closely adjoin the 
figure on either side. That on the left-hand side repre- 
sents all the apparatus necessary to produce the 
sound. It is placed upon the upper floor of the base, 
within the tower, and 1s called the ‘“ hammer-whistle ;” 
its parts will be presently explained. Above it, the 
sides of the tower itself form a large “ water-tank,” 
invisible in the figure, used as a reservoir of water, and 
consequently of power, whereby the times of slack 
water, when there is neither a rise nora fall in the 
tide, can be staved over, and by means of this provi- 
sion the whistling note of warning be constantly 
kept up, so that the repetition at regular isochronous 
intervals knows neither stoppage nor interruption, and 
the “Tide-Shriek” is perpetually sounding, day and 
night, throughout the year. In certain cases, two or 
more whistles of the same pitch can be sounded to- 

ther, but less frequently, until the fog either lifts or 

rifts away. The tower of the Clamor Aistus thus 
serves a double purpose, for while it supports the 
whistle at a height of about 100 ft. above the level of 
the sea, where the sound can better diffuse itself over 
the superficial stratum of the fog, it itself forms a 
capacious receptacle, in which a large amount of water 
power can be accumulated and kept in reserve until 
the time arrives when it becomes necessary to turn this 
extra power to account. 

The sound of the whistle is concentrated by two re- 
flecting surfaces of iron, shaped to the figure of vertical 
ellipses, one focus of which occupies the place of the 
whistle itself, and the other traverses a circle round 
the tower, at the distance of, some miles, and at the 
level of the sea. In peculiar situations an ordinary 
parabolic reflector can be substituted in the loft, having 
the whistle at its focus, and capable of revolving by 
the directing force of the tide or wind to different parts 
of the coast where the alarm, at stated intervals, is re- 
quired to be directed. 


shows all the apparatus necessary to raise the water 
from below into the tank. Placed in the downward 
opening of the tower-base (a close circular chamber, 
100 ft. in width and 8 ft. deep), it gives passage to the 
sea, in and out of the chamber, by means of two tur- 
bines, so provided with valves that one acts as an in- 
ward-flow turbine and the other as an outward-flow 
turbine. The whole tidal power of the sea within the 
area of the chamber, whether ebbing or flowing, is thus 
economised. The turbines, by means of a shaft, drive 
each a pump, the lifting power of which is of course 
proportional to the driving force of the turbines. The 
whole gear is called the “ water-lift,” and can be re- 
placed, if preferred, by two hydraulic rams, the con- 
stantly repeated blows of which, beneath the surface of 
the water, would be audible for a very long distance. 

The water raised by either of these means, from the 
chamber or from the sea, in the course of the tidal ebb 
and flow, is delivered into the tank by means of an 
ascending pipe, shown in the sketch. As the driving 
force of the turbines is about one-third of a horse power 
each, calculated for a basal diameter of 100 ft., and a 
range of the lowest neap tides not less than 6 ft., in 
which the use of the Clamor Aistus would be possible, 
the constant work of the pumps is ample to maintain a 
certain head of water (determined by a waste-pipe) 
in the tank, and to afford, besides, a regular. supply of 
water — to the remaining portions of the mechanism. 
The chamber itself is erected perfectly horizontal, at 
mean-tide level, on two or more circles of screw piles, 
or upon some other solid and firm foundation, accord- 
ing to the nature of the ground ; it serves as the base- 
ment of the tower. Both tower and base are stayed 
and strutted within and without by lattice-girders, 
diaphragms, gusset-plates, rivets, &c., so as to render 
them impregnable in the roughest assaults of a raging 
wind and sea. 

A pipe leads down from the tank to another smaller 
turbine in the lower compartment of the tower. The 
turbine which is shown in the sketch occupying the 








t but slight hopes are entertained of his recovery. 





left-hand side of the figure is thus kept revolving con- 


The sketch upon the right-hand side of the figure , 











eo Gee ee fhe Oo eet se 











June 1, 1866.] ‘ 


ENGINEERING. 


371 








stantly in one direction. The axle carries a worm 
pinion, that works in a toothed wheel —e a cam 
with uniform celerity, also in one direction:. The cam 
raises a lever, and the “ hammer-block,”. weighing 
about one ton, is thus lifted (very much in the manner 
that tilt hammers are raised) and allowed to fall at each 
revolution of the cam, with ¢ catly secumulated force, 
upon a piston in the air-cliaer. Here the air and a 
spiral spring, that in its position of rest sustains the 
lever in its place at the top of the air-chamber, are 
suddenly compressed. Driven by the violence of the 
blow to escape by the ascending pipe shown in the 
sketch, the air Bix he through the whistle with a shriek, 
which can easily be distinguished from other sounds 
heard at sea, and which, from its suddenness and in- 
tensity, it is imagined, will be heard much further. 
The “hammer-block” is raised again and again, and 
falls at exactly such intervals as is determined by the 
speed of the turbine. The result of calculation on a 
base 100 ft. in diameter, with the least range of only 
6 ft. in the tide, is, that a tower of the dimensions now 
contemplated would let fall one ton weight from a 
height of 2 ft. at intervals of half a minute. The lowest 
range of the neap tides being taken as the basis of this 
calculation, the power can never be less, but may be 
considerably more. 

Inasmuch as gratings, enclosing the whole of the 
gearing, would prevent seaweeds, gaining admission or 
egress, from impairing the effective action of the pumps 
and turbines, the Clamor Aistus, being entirely self- 
acting, would require no personal attendance beyond 
that of an occasional inspection, but would go on 
working as long as the various parts held together, and 
were not fouled by the growth of seaweed in the interior. 
The prime cost of its construction, on an average, 
being also little more than a ninth part of the outlay in 
building the Skerryvore lighthouse (86,978/.), or a 
sixth part of that expended upon the Bell Rock light- 
house (60,000), and being, moreover, the total cost, no 
attendance being required, there are many points round 
our coast that would be admirably well served by such 
an apparatus as the “ Tide-Shrick,” particularly in places 
where a lighthouse or a light ship would, from its great 
expense, both in construction and maintenance, is in- 
admissible. 

It is unnecessary to add, perhaps, that the tower of 
itself serves as an ordinary beacon, which is often 
erected, without any lighting apparatus whatever, on 
dangerous shoals, rocks, &c. 


Explanation of the Figure. 

a, whistle; 44, bottom of watertank; ce, tide- 
chamber, and level of mean tide ; @, tideway into tide- 
chamber ; ¢ ¢, screw-piles ; 77, sandbank ; ss, ¢¢, low- 
tide and high-tide levels. 

A, section of tideway and water-lift, enlarged; gg, 
inward and outward flow turbines; 44, disc force- 
pumps; 7/, ascending pipes. 

B, plan of hammer-lift ; m, small turbine ; 7, hammer- 
block ; p, air-chamber ; 7, whistle-pipe. 








Tue SourHsea CastLE FortiFicaTions.—The east batt: 
will mount 11 guns, and the west battery 21, none of whic 
will be less than 12 tons each in weight. All of these guns, 
which, from their position, are exposed to a direct fire from 
seaward, will be fought through iron shields fixed between the 
granite piers of their embrasures. Each of these shields will be 
made of rolled-iron armour-plates, 13 in. in thickness, 12 ft. in 
width, by 8 ft, in height, and will be strengthened further 
on the inner side by 54 in. crossed iron frames, to which the 
armour-plates will be secured by bolts and nuts in the usual 
way. The shields will havea slight incline towards the interior 
of the’ work of 4} in. from their base, and will be held in_position 
by side struts of iron and crossed tail-pieces of enormous 
—_ The gunport in each shield will measure 3 ft. 6 in. 
by 2 ft. The earthen ramparts to carry all this mass of super- 
incumbent metal in shields, guns, carriages, and their slides, 
have been built of unusual dimensions, and strengthened in 
every possible way with granite, brick, and concrete. The 
thickness of the earth at the narrowest part of their base line 
18108 ft. The middle of the terre-plein is 27 ft. 6 in., and of 
the merlon. 29 ft. 6in.; the total thickness of earth at the gun 
flstform being thus no less than 57 ft. in the weakest parts. 
Hoy) ‘eames from centre to centre of the gun shields averages 


Tue BELLEROPHON.—In answer toa question put by Mr. 
H. Baillie, in the House of Commons, on Tuesday evening, as to 
Whether the report was true that the Bellerophon, with only six 

ns on board out of her complement of fourteen, was 18 in. 
_— her proper and estimated draught of water, Mr. T. G. 

ing said that “it was not correct that the Bellerophon, upon 
& recent trial without her full complement of guns, was 18 in. 
vow ‘her estimated draught of water. On the contrary, the 
2 question showed that, with the rest of her armament on 
she will probably be within half an inch of her mean esti- 

mated draught of water.” 
x .. CuroLas on SHore.—It is intended to construct a 
of th ie hr er with sides of great thickness, upon the works 
tain r Ortifications of Southsea Castle. This cupola is to con 
our of the 13.3in. 23-ton guns, one of which has lately 

ed at Portsmouth Dockyard. 





STEAM ENGINES AND THE INDICATOR. 
To THE Eprror or ENGINEERING. 
May 25, 1866. 

Srr,—“ The Working Engineer’s Practical Guide,” by J. 
Hopkinson, although probably written to serve principally as an 
advertisement, contains so many plausible statements and 
reasonings likely to leave wrong impressions on the minds of the 
class to whom the work is addressed, that I had hoped to have 
seen th:. 1 exposed by you. 

The economy of sharp cut-off he appears to ignore altogether. 
He says, ‘‘ This diagram exhibits the evil of steam being cut off 
“ too quickly, instead of being shut off regularly and easily; for 
“ it is as important for the steam to be taken off easily as for it 
“ to be let on easily, that the steady working of the engine may 
“ not be disturbed,” &c. (page se and so he Vee’s the valves, 
and gets improved diagrams as enclosed. He probably has been 
practising with engines unfitted for expansive working, the fear 
of “expensive breakdowns” so frequently occurring in his 


S. 
ao 128, you will notice the absurd remarks relative to 
Richards’s Indicator. 
I remain, Sir, 
Yours very truly, 
GLAMORGAN. 








Toe Attantic Cante.—The new Atlantic cable, 
which is now in course of stowage on board the Great 
Eastern, differs slightly in its construction from that 
which was partially laid last year. Its strength has 
been increased, its breaking ‘strain being one ton more 
than that of last year’s cable, whilst its weight is 
3cwt. per mile less. The iron covering-wires have 
been galvanised, and ordinary Manilla hemp has been 
substituted for tarred hemp for the outer covering. 
The cable is being conveyed from the company’s 
works at Greenwich to the Great Eastern by two 
receiving hulks, which are constantly plying back- 
wards and forwards, one of the hulks accommodat- 
ing 240, and the other 260, miles of the cable. 
The stowage on board the Great Eastern goes on at 
the rate of about 60 miles per day of twenty-four 
hours, and up to the 22nd ult. about 900 miles had 
been safely placed in the tanks provided for it. About 
900 miles of the old cable were left on board the vessel ; 
but as that length increases the number of miles of 
cable to be taken out to 2700, the total quantity would 
be too great even for the carrying capacity of the 
Great Eastern, about 500 miles of the old cable are to 
be transhipped into the Medway, a screw steamer, be- 
longing to the British and American Steam Company, 
which , bo been chartered for the purpose by the tele- 
graph company. The Medway is now alongside the Great 
Eastern, and the De goog for the re-shipment are 
now going on. H.M. ship Terrible is again to accom- 
pany the expedition, and the Albany, a screw steamer 
oe to the Diamond Steam Packet Company, 
has also been engaged to assist. The paying-out ma- 
chinery and that for grappling the old cable have been 
both improved since last year. The former has been 
fitted with steam power, so that it can be employed to 
haul in the cable in case of a fault being discovered, 
a guard being applied to keep the cable clear of the 
screw, whilst the new grappling apparatus, which is 
being made by Messrs. J. Penn and Sons, and at the 
telegraph company’s own works, under the super- 
intendence of their chief engineer, Mr. H. Clifford, 
will have a breaking strength of 30 tons instead of 10 
tons, as was the case last year. It is proposed to fit 
each of the three ships with this grappling gear, so 
that as soon as the old cable is canted by one of 
them, the others may |take up their positions, and 
grapple it at points about a mile distant on either side, 
thus distributing the strain upon the cable and giving 
greater security in case of breakage, either of the cable 
or the machinery. The paddle-wheels of the Great Eas- 
tern have been disconnected, so that the head of the ship 
may be more readily kept up to the wind in heavy 
weather, if required. Mr. Willoughby Smith, the 
superintending electrician, has also improved the test- 
ing —— so that a message can be sent through 
the cable even with an inch of the copper conductor 
exposed. It is intended that the Great Eastern shall 
complete her coaling at Beerhaven, as it is doubtful 
whether, with her full cargo on board, she could be 
safely taken out of Sheerness harbour. 

MACHINE-MADE FILEs.—Messrs. Chubb and Son, the lock- 
smiths, write to the Times as if file-making machinery was now 
about to be introduced for the first time. There are many file- 
making machines in use in Manchester and Birmingham, and in 
the United States. However ingenious these machines are, and 
however well they may have appeared to work, hand-cut files 
have so far maintained the preference, and the workmen in the 
file trade, now on strike, rely upon this fact. That machinery will 
ultimately beat them quite out of the field there can be no rea- 
sonable doubt; but at present the machines in use are not quite 
what they should be. 

_ Mr. Brunixxs.—This gentleman, now on a visit of inspec- 
tion of the works of the Mont Cenis Railway, will shortly leave 
for Brazil, to attend the opening of the San Paulo Railway, of 
whieh he is engineer in chief. 





SAFETY-VALVE LEVERS. 


Amonest the many things requested from the 
editor of an engineering paper by his correspondents, 
there are few, if any, asked for more frequently than 
an explanation of the method of calculating the pro- 

ortions of the lever and weight for a safety-valve, 

he frequency with which this ap is proposed 
shows that the problem, simple though it is, is yet not 
understood by many of our readers, probably the junior 
ones ; and for their benefit, therefore, we give the pre- 
sent article. The problem of ascertaining the relative 
proportions of the lever and weight for a given ‘safety- 
valve, which is to blow off at a given pressure, usually 

resents itself in one of two forms. According to the 

rst, the proportions of the lever are fixed upon, and 
the amount of the weight remains to be decided; whilst 
in the second the weight to be applied is settled, and 
the proportions of the lever have to be calculated. The 
former is the most simple problem, and it shall there- 
fore be considered first. 

When the amount of the weight which, applied to a 

iven lever, will load a given valve to a given pressure 
“= to be calculated, the first thing to be done is to 
ascertain the ie ong of the valve itself and the pressure 
put upon it by the weight of the lever and its con- 
nexions. The a of the valve itself can be readily 
found either by calculation or by simply weighing it, 
whilst the pressure due to the weight of the lever is 
best ascertained by attaching a spring balance to it at 
the point immediately over the centre of the valve and, 
the lever being coupled to its fulcrum, noting the 
strain upon the spring balance required to lift the lever. 
The strain so found is then to be added to the weight 
of the valve, and the sum subtracted from the product 
obtained by multiplying the area of the valve (measured 
at the bottom of its conical seat) by the pressure of 
steam at which it is to work; the remainder will equal 
the load which the weight is required to place upon 
the valve. Next, the amount just obtained is to be 
multiplied by the distance from the centre of the valve 
to the fulcrum of the lever, and the product divided by 
the distance from the fulcrum to the point of the lever 
at which the weight is to be applied; the quotient will 
equal the required weight. We will illustrate the above 
rule by an example. Let the diameter of the valve at 
the bottom of its seat be 3in., its weight 141b., and 
the pressure at which it is to lift 601b. Let also the 
distance between the centre of the valve and the fulcrum 
of the lever be 3 in., and let the weight have to be 
applied at a point distant 20 in. from the fulerum ; and 
further, let the lever have been ascertained to exercise 
a pressure upon the valve of 40 lb. Then the area of 
the valve will be 3? x .7854=7.068 square inches, and 
the lifting power exercised by the steam will be 
60x 7.068 = 424.08 lb. From this is to be subtracted 
1$+40=414 lb. due to the weights of the valve and 
lever, thus leaving a lifting pressure of 382.58 lb, 
to be counteracted by the weight. Multiplying this 
by the length of the short arm, and dividing it by 
the length of the long arm of the lever, we get 
382.58 X3 


= =57.387 lb. as the weight required, 


The pressure exercised upon the valve by the weight 
of the lever itself, is equal to the weight of the lever 
multiplied by the distance from its centre of gravity 
to the fulcrum, and divided by the distance from the 
fulcrum to the centre of the valve. As we have already 
stated, the amount of the pressure is best ascertained 
by means of a spring balance attached to the lever 
» Bn the centre of the valve; but in some cases this 
method is not ee and it then becomes neces- 
sary to find out the pressure by calculation. When 
this is the case, the first thing to be done is to calcu- 
late the dead weight of the hime, and the next is to 
ascertain the position of the centre of gravity. The 
first of these two things is easily done, and the second 
is an equally simple matter, if very minute accuracy 
is not required. Generally speaking, a safety-valve lever 
is made parallel from the fulcrum to above the centre of 
the valve, or is made to deepen slightly towards that 
point, and it then decreases in depth towards the 
outer end at which the weight is applied. Sometimes 
also the thickness is diminished towards the outer 
end, and,{when a spring balance is employed, an eye is 
formed at the extremity to accommodate the screw of 
the balance. This irregularity of form would render the 
exact determination of the position of the centre of the 
gravity a somewhat tedious operation ; but its position 
can be very simply ascertained in a manner sufficiently 
near for all practical purposes in the following manner : 
If the lever is of uniform thickness, add together its 
depths at the fulcrum and outer end, and this the 
sum of the depths ; then the approximate distance of the 
centre of gravity of the lever from the fulcrum will 
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4 length of lever Xxleast depth 
be= } length of lever+ oun of Gain. 

If the lever is not of uniform thickness through- 
out its length the ba go multiplied by the thicknesses 
at the fulerum outer ends respectively, must 
be substituted for the simple depths used in the 
above rule; the remainder of the operation is the 
same ag before. The above rules are founded upon the 
assumption that the lever tapers regularly from the ful- 
crum to the outer end. As we have already mentioned, 
this is not really the case, but practically the difference 
eaused by the increase in the depth of the lever just 
above the valve is so nearly compensated for by the 
“ swell” or eye at the outer end for the screw of the 
spring balance, that the error in the position of the 
centre of gravity is very slight. 

The second form of the problem, in which the pro- 
portions of the lever required to put a given load upon 
a valve by means of a given weight have to be de- 
termined, is that which usually occurs in connexion 
with spring-loaded valves, as, for instance, those of 
locomotive engines. In such cases the pressure put 
upon the end of the lever by means of the spring- 
balance is generally equal to the load per square inch 
at which the valve is intended to work; and if the valve 
and lever were without weight, or were balanced, the 
proportions of the long and short arms of the lever 
would be as the area of the valve in square inches was 
tol. It is, however, but rarely that the weights of 
the valve and lever are balanced, and they have, 
therefore, to enter into our calculations. The weight 
of the valve can be easily ascertained ; but inasmuch as 
the proportions of the lever are unknown, its weight 
must be an assumed one. The assumed weight may 
be derived either from practical experience in similar 
cases, or it may be taken as being equal to the weight 
of the lever having the proportions which would be 
required if it were itself without weight. 

he method of procedure is then as follows: Mul- 
tiply the area of the valve in square inches by the 
working pressure per square inch, and from the pro- 
duct deduct the weight of the valve p/us the pressure 
upon the valve, caused by a lever of the assumed weight ; 
the remainder divided’ by the weight, or pressure 
of the spring, which is to be applied to the end of the 
lever, will give the leverage required. If the propor- 
tions of the lever thus obtained differ greatly from the 
assumed proportions, they may be employed as as- 
sumed proportions in a new calculation, and a nearer 
approach to accuracy thus obtained. We will illus- 
trate this rule by an example, as in the previous in- 
stance. Let the diameter of the valve at the bottom 
of the seat be 84in., thus having an area of 9.62 
square inches; let also the pressure at which it is 
required to lift be 100 lb. per square inch, and let the 
weight or pressure of the spring to be applied to the 
end of the lever be also 100 1b. In such a case the 
yressure exerted upon the valve by the weight of the 
Some and its connexions would be about 561b., to 
which may be added 21b. for the weight of the valve 
itself, making 58 lb, to be deducted from the lifting 
pressure on the valve. The lifting pressure would be 
9.62 x 100 = 9621b., and deducting from this 58 |b., 
there remains 904 lb., which divided by 100 (the weight 
applied to the end of the lever) gives 9.04 to 1 as 
the proportions of the two arms of the lever, or, in 
other words, of the total length and the distance from 
the centre of the valve to the fulcrum. If the last- 
mentioned distance be 3} in., the total length of the 
lever will be 3.5 X 9.04 = 31.64 in. and, so on, 

It should always be remembered that, whenever a 
portion of the load on a safety-valve is due to the 
weight of the lever, the load on the valve will not vary 
in the proportion of the weight applied to the end of 
the lever. Thus, in the example just given, 100 lb. at 
the end of the lever produced a load of 1001b, per 
square inch on the valve ; but 30 lb. at the end of the 
lever will give a load of more than 30 lb. per square 
inch on the valve, as a very‘simple calculation will 
show. Multiplying the 30lb. by 9.04, the proportions 
of,the lever, we get 271.2 as ‘he, pressure caused by it 
on the valye; and adding to-this 58 lb. (due to the 
weight of the valve and lever), we get 329.2 lb. as the 
total pressure. This, divided by 9.62, the area of the 
valve in inches, gives 34.2 lb. per square inch upon the 
valve, caused by a weight of 30 lb. on the end of the 
lever. A very little reflection will show the reason of 
this. The eflective weight of the lever and valve, 
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58 Ib., of itself places a load of ons 


inch on the valve, and this load forms an increasin 
proportion of the total load, as the pressure at which 
the valve is to be worked is reduced, and therefore the 
amount of leverage required is diminished. 





=6.02lb, per square 


When a valve is loaded by a lever and spring 
balance, and is to be worked at varying pressures, it is 
best to make the lever so that the proportions of its 
long and short arm are as the area of the valve, ex- 
pressed in square inches, is to 1, and to allow for the 
weight of the valve, and the pressure caused by the 
weight of the lever by a special graduation of the 
spring balance, This special graduation is a very 
simple matter ; it is only necessary to find the pressure 
per Pe apr inch on the yalve caused by its own weight 
and the effective weight of the lever, and to make the 
scale of the balance lighter throughout by this amount. 
For instance, in our last example the weights of the 
lever and valve were shown to produce a load of 
6,02 Ib. per square inch upon the latter ; in this case, 
the extension of the spring balance which would be 
produced by a load of 3.98 Ib. should be marked 10 lb., 
that produced by a pull of 13.98 lb. should be 
marked 20 1b., and so on, the lever to be used with 
such a balance having its long and short arms in the 
proportion of 9.62 to 1. In America it is a usual 
practice to graduate the spring balances by the aid of a 
platform scale in the following manner: A piece of 
plank is taken sufficiently long to extend across the 
platform of the scale, and allow of its being securely 
fastened down to the frame on each side. A kind of 
bridge is thus formed, into which the fulcrum of the 
safety-valve lever is screwed. The lever is then 
coupled to the fulcrum, the outer end extending beyond 
the scale, and the valve is also properly connected to 
the lever, the whole being cuiaed so that the valve 
bears upon the scale platform. The scale levers are next 
loaded with weights equivalent to the lifting pressure 
which will be exerted upon theunder side of the valve by 
the steam, or, in other words, equal to the pressure 
per square inch at which the valve is to work multi- 
plied by its area in square inches; and by this 
means a lifting pressure of the amount desired is 
actually applied to the valve resting on the platform. 
The spring balance is then put in its place at the end 
of the lever, and, its lower end being secured to some 
fixed point, the nut is screwed down until the tension 
of the spring just balances the upward pressure exerted 
upon the valve. The position of the index of the 
balance then shows the proper point for the graduation, 
corresponding to the particular pressure to which the 
platform scale has been set, and by varying the weights 
applied to the scale any other points may be obtained, 
as desired. Messrs. Shand, Mason and Co. specially 
graduate all the safety-valve spring balances of their 
steam fire-engines. We have already explained their 
mode of effecting the graduation, in the course of a 
description of their steam fire-engines, which was pub- 
lished in this journal a few weeks ago (vide page 187 
of the present volume); but we may repeat here that, 
when the boilers are being tested by water pressure, 
the safety-valves are at first pence | down to a much 
less pressure than that which is to be ultimately 
applied, the position of the index of the spring balance 
is then marked and the pressure at which the valves lift 
being noted by means of a Bourdon’s gauge, the mark 
on the spring balance is numbered accordingly. The 
spring balances are then screwed down aie. and 
the operation repeated at a higher pressure, and so on 
until a sufficient number of marks are obtained. 








Hyproorapnic SurvEys.—The hydrographic department 
of the Admiralty has been very active within the last year, mak- 
ing surveys, ashore and afloat, in nearly all parts of the world. 
Sixty-three new charts have been published, and the number 
printed has been 169,000. 

Tue Bromrron Borters.—We have long looked on the 
South Kensington job as one injurious to the interests of Art, 
but it is only recently that we have learnt it is destructive to 
our art-treasures. Mr. Cox, an expert in these matters—so 
skilled that we may be Cox-sure he is right in what he says— 
asserts that the want of a substantially walled building, thick 
enough to keep out extremes of heat and cold, the warm-water 

ipes immediately under the pictures, and the impure gas used 
in the galleries, are all combining slowly, but surely, to destroy 
the national pictures, The matter will be investigated before 
Parliament, and if Mr. Cox is not Vow et preterea nihil, we 
trust the Brompton clique will be sent to the right about. The 
boilers are a pleasant show for the holiday folks, and on this 
account the party in possession there has been spared, But now 
that it is proved that the tree is rotten at the core, we shall have 
no scruple in felling it, together with the parasites that cling 
round and choke it.—Fun. 

Roap Locomotives iv Francr.—Says the Times Paris 
correspondent, “ The Minister of Public Works has awarded a 
gold medal of the first class to Albaret and Co., of Liancourt, 
for the construction of a steam coach to run on ordinary roads. 
This steam coach lately descended the hill from Laon to the 
railway terminus at the rate of five miles an hour, and after- 
wards ascended the same iii!] in eight minutes with a weight of 
five tons. The trial was repeated with so much success that it is 
now ascertained the steam-engine can draw a weight of 30 tons on 
an ordinary road at the rate of from three to four miles an hour.” 
The performance is much below that of many English road loco- 





motives of which accounts have appeared in these columns. 








BricuTon Arm,—A correspondent, in the course of 
from Brighton thus describes to us the kind of air he ¥ — 
there: “I'am here to inhale the super-oxygenated, iodinine” 
and ozoned atmosphere of this favourite locality.” : 

Tue Srock-JOBBERS.—We are pleased to see that a liberal 
reward has been offered for the detection of the scoundrels who, 
by anonymous letters and fictitious telegrams, addressed to the 
depositors in Agra and Masterman’s bank, produced the late 
run upon that establishment—a run which the bank was, how- 
ever, able to withstand. We have heard of three individuals 
who made in all 120,0002, in two or three days by buying the 
bank skares at the lowest quotations and selling when the market 
value of the shares had again risen to a very large extent. 

Tue Great NortHern Rattway.—The Co nhagen 
tunnel, just out of King’s-cross station, is to be donb and 
additional station room provided. ' 

THe MerropourraN Rarway.—The Metropolitan Ex- 
tension Railway will join the Metropolitan at the Edgware-road 
station, and will require the removal of the workshops, &e, 
already established there, The whole inner circle line will yet 
require fifty or sixty locomotives for its proper working, and ex- 
tensive workshops for repairs will be nec The Portland- 
road and Gower-street stations are to be enlarged, and the whole 
system of underground stations, as far as possible, abandoned. 

Sprine Tyres.—We hear that 140 sets of Mr. W. B. Adams's 
spring tyres have been ordered for the Queensland railways. The 
use of those tyres seems to be gradually increasing, 
_ FILE-MAKING.—The present strike amongst the file-makers 
is leading to the employment of file-making machinery, worked 
by boys and labourers. In a letter to Messrs. Chubb and Son, 
the well-known lock-makers, one of the principal firms of file 
manufacturers states that “‘ we have already succeeded in intro- 
ducing a machine that will efficiently grind files, and are now at 
work building other machines for forging and cutting them, so 
that in a short time we shall be ina position to fill orders better 
than ever. Inthe meantime the workmen are making a national 
subscription to keep them out; but in the end they will find that 
it was a bad day for them when they left off work.” 

From Lonpon to GREENLAND.—The plucky, Mr. Whymper, 
not satisfied with the ascent of the Matterhorn, has conceived 
the bold idea of penetrating along the surface of the glaciers of 
Greenland into the interior of that snow-clad continent, he being 
convinced, from the great number of deer that find their way to 
the coast, that there are within the glaciers well-grassed valleys 
and recesses, Mr. Whymper believes it is also ible to trace 
by land the extent of Greenland to the north, which was one of 
the main geographical objects of the late projected polar expedi- 
tion. He will be accompanied only by a well-trained Danish 
guide, who is ready at Copenhagen, A preliminary trip will be 
made next summer. This enterprise is the ne plus ultra of in- 
dividual British geographical advent#re. 

Fearrut Borrer Exprosion.A fearful explosion took 
lace at Wheel Uny mine, West Cornwall, on Monday afternoon. 
he boiler, weighing more than 7 tons, and which was nearly 

new, was lifted in its entirety a distance of about 60 yards, and 
the building was completely destroyed, the stones, slates, &., 
being scattered in all directions, Four men were injured, two 
severely. The cause of the accident is unexplained, the engine- 
man declaring that he made an inspection, and found everything 
right, ten minutes before the explosion. 

Irattan Rartways.—On the 20th of May was opened to 
the public that part of the railway connecting Naples with 
Eboli which lies between Vietri and Pastena. Vietri is three 
miles distant from Salerno; the portion now opened is a great 
triumph of engineering skill, the fourth part of it being cut out 
of the rock, and the remainder being traversed by viaducts, 
galleries, and bridges. 

FroatinG Dock at CALLAO.—The large iron floating dock 
at Callao, Peru, was Jaunched on the 24th April. Says the local 
correspondent, “The ease and grace with which the dock 
entered her native element took the spectators completely by 
surprise. The immense importance and the lasting good, not 
only to Peru but to the whole of South America, of such splen- 
did dock accommodation cannot be over-estimated.” 

Imports at New YorK.—The gold value of the imports 
at New York for the first three months of 1866 was 
87,007,827 dols., against 87,106,158 dols. for the corresponding 
quarter of last year. The total imports for the three quarters 
of the current fiscal year are nearly twice as large as for the cor- 
responding period of the previous year, and the amount received 
for duties during the nine months of the current year has been 
100,696,281 dols., or say 20,000,000. The exports are not as 
great as the imports, nor are they as great this year as last. 

‘Tue Monrrors.—The Miantonomoh, one of the monitors, 
and a sister ship of the Monadnock, is about to leave America 
for England, and may be expected in Portsmouth about the 
20th of June. Mr. Fox, the assistant secretary of the navy, will 
cross in her. 

ArcuirgecturAL Exnisrrion Socrety.— On Tuesday 
evening last a very interesting ao was read at the rooms of 
this society, 9, Conduit-street, by Mr. Thomas Wells, F.S.A., 
upon “The Influence of Eastern on Western Art, and mo. * 
especially on that influence as exerted through the medium «tf 
Constantinople.” This makes the third of the annual course of 
lectures already delivered in connexion with this society, the 
first having been given by Mr. M. Digby Wyatt, F.S.A. (to 
whom was awarded this year the royal gold medal of the Insti- 
tute of British Architects), on ‘ The Advantage of Travcl in 
the Study of Architecture ;” and the second by the Rev. J. L. 
Petit, M.A., F.S.A., upon “Egyptian Architecture.” The ex- 
hibition of this society contains many interesting drawings ¢ 
— architectural works, and will remain open until the end 
of June. 

Yacutina.—The cutter yacht Alert, 88 tons, built by 

Ratsey, of Cowes, Isle of Wight, for Mr. William Walks, the 
commodore of the Royal Sydney Yacht Squadron, mate her 
voyage out to Sydney from the ‘nglish Channel in 108 days at 
sea. On Wednesday morning the Alert entered Portsmouth 
harbour on the completion of her return voyage to England, the 
sea time being 115 days. The voyages to Sydney and back to 
England have necessarily been made under jury rig. The Alert 
is manned by a crew of seven, all hands told, who describe her 
as being an excellent sea boat. Since entering the English 
Channel she has called in at Falmouth and Plymouth. 
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A TRIP TO AMERICA.—No, III. 


TueRE is no Great George-street in New York. 
There are engineers, however, and yet it is not so easy 
to say who and where they are. What we understand 
as the engineering profession hardly exists here. There | ney from New York to Albany, in the 
are no names corresponding to those of Stephenson, ; 


Brunel, Rennie, and Telford. And the reason i 


simple enough. There are but few works corresponding 
to theirs. The Croton Aqueduct is by far the most 
important single work about here, and yet it is not often | to 14d. per mile? 
that the name of the engineer, John B. Jervis, is heard 


in connexion with it. He was also the engineer o 


the Hudson River Railway—a work which no one 
would think of comparing with any first-class line in 


England. The present engineer of the Croton Aque 
duct is Mr. Alfred W. Craven, whose brother 
Lieutenant Craven, in command of the Tuscarora 


was so anxious to fight the Confederate cruiser 


Nashville in Southhampton Water. The Brookl 


graving dock was the work of either General Charles 
B. Stuart or of William J. McAlpine, but as there was 


a quarrel over the respective claims of these gentlemen | the summit level being 914 ft., and the total rise and 
to be considered as the engineer, we are not so clear | fj] 1674 ft. The plane nearest to New York is that at 
as to which was entitled the credit, although both | Newark, and is 1200ft. long, and rises 70 ft 
were engaged upon the work. The Erie Railway has ‘ : . 
had half a dozen engineers, and belongs to nobody in 
particular. We shall derive little satisfaction, how- 
ever, in seeking cut the leading men in our profession 
in America, Everybody there is an engineer in his 
way, and what with us is known as professional 
reputation goes for very little. In an American work 


published a few years ago it was observed : 


“ As a science, a. is indeed ably cultivated 
“and creditably applied in Europe. How is it here ? | to be tunnelled in rock, but the lower part of the island 
“ There is certainly no lack of natural ability, no want 
“of genius. But m most of our works of construction 
“ everything, the future especially, is sacrificed to the 


“ present. Quantity, not quality, is the staple demand. 
“Thus the higher developments of engineering are 


* systematically undervalued, and we boast the extent | island. The 


“ of our executed works, and the enterprise with which 
“they have been carrie1 forward, while their quality, 
“as disclosed in their irequent disastrous failures, to 
“ say nothing of their extravagant maintenance, is too 
“ often a reproach upon our civilization. 


“ Engineering, in all but its routine merely, is a 
“ business for which every tyro, surveyor, speculator, 
“ or large shareholder deems himself entirely competent. 
“There is no standard whatever of qualification, ex- 
“ cept that of doing the most work for the least money. 
“ And engineers themselves have followed this so far 
“as to have often robbed their works of their vital 
“proportions. While it is an object of the most 
“ honourable ambition to utilise, by simplified or more 
“ effective arrangements, the greatest practicable ca- 
“pacity of the materials employed, nothing can be 
“ more unprofessional, nothing more desperate, than to 
“trespass, wantonly or ignorantly, upon the known 
“limits of strength, stability, or durability of those 
“ materials. And wherever engineers have thus de- 
“ oraded themselves and their profession by sacrificing 
“their better judgment to the cupidity of ignorant 
“ proprietors, they have fallen hopelessly to the rank 
“of mere tools for contractors and railway directors. 
“And thus the latter have often obtained absolute 
“ sway in matters upon which only an educated engi- 
“ neer can properly decide. 


“Tt is due too much to the causes thus suggested 
“that American engineers have so little influence as a 
“ body, having no recognised interest in common, and 
“ having no power to decide what qualifications shall 
“entitle any aspirant to admission on equal terms. 
“The profession being brought into contempt, an en- 
*gineer who is scrupulous of the character of his 
“ work, and who stipulates for means sufficient for its 
** faithful execution, is hardly in favour; speculators, 
“ who assume to decide the matter, boast that they can 
“command men, not only at less salary, but who will 
“ bring in far lower estimates. And thus the reputa- 

“tion of being a thorough engineer is not a profitable 
“one, and very few of the profession in this country 
“have built each more than one railway, each new line 
“having its own ‘chief’ born to the occasion, and 
“Swho, thus raw and compliant, devotes himself to the 
“routine of the field and of the office, while the presi- 
“ dent of the concern dictates the proportions of the 
“eu thworks, the shape and quality of rails, and the 
“ selection of machinery and materials generally. The 
“condition of our roads is a sufficient commentary on 
“this notorious abuse. Nor can they improve until 
“ our engineering takes a higher standard.” 

But we shall run no risk of forgetting, for all this, 


astonishing what they have done with so 


Ss 


purposes of the country, carried their passengers at 1d. 


f | the world where the b 
America. 


» | bourhood of New York are the inclined planes of the 
» | Morris Canal, one of which has now been in use since 
a 1848, or more than two years before Mr. 
Leslie had completed his plane at Blackhill, near Glas- 
gow. The Morris Canal has, in all, twenty-three in- 
clined planes and twenty-six locks, the whole ascent to 


general description of these planes is given in an 
article on another page of our present number. 

Two or three important works are projected in New 
York, but it is impossible to say when they will be 
carried out. One is the Underground Railway, under 
Broadway, a liné especially needed, notwithstanding 
the number of tramways and street cars in the avenues 
parallel to that great thoroughfare. In the upper part 
of the city the line, when it is constructed, will require 


is of sand. Inour article in last week’s ENGINEERING, 
we hardly did justice to the sewerage of New York. 
We find, on further examination, that every street has 
its sewer, and the subject of drainage again occurs to 
us in speaking of the natural formation of Manhattan 
nderground Railway, when it is made, 
will present no difficulty in the way of drainage. So 
good is the ground, that in the great warehouses on 
and near Broadway the foundations are carried 27 ft. 
below the footpaths, not necessarily to obtain good 
footings, but to gain an additional story of cellarage, 
most of these buildings having two perfectly dry stories 
underground, besides from four to seven above. 


for which we believe Mr. Roebling, the engineer to 
the Niagara Suspension Bridge, has prepared plans, 
is for an enormous high-level suspension bridge over 
the East River, between New York and Brooklyn. 
If built, the clear span would be nearly half a mile, 
and the height above water 125 ft. Mr. Roebling 
has also designed a single suspension span of half a 
mile to cross the Mississippi at St. Louis. 


New York is the largest manufacturing city in 
America, and employs upwards of 100,000 of its 
population in this branch of production. Iron and 
coal, although not cheap, are abundant. Both are 
brought from Pennsylvania, and from a distance of 
about 125 miles. Besides extensive shipbuilding 
yards, sugar refineries, breweries, distilleries, book- 
printing houses, and manufactories of clothing, fancy 
goods, jewellery, &c., there are large marine-engine 
factories, forges, and foundries on the east side of 
the city. Of these the Novelty Works of Stillman, 
Allen and Co. are the largest, employing, at times, 
upwards of 1200 men. Here were a0 the engines 
of three of the Collins steamers, including those of 
the Adriatic, which have oscillating cylinders 100 in. 
in diameter and 12 ft. stroke. The Allaire Works, 
Morgan Works, and other similar engineering esta- 
blishments in the neighbourhood, are also large. 
While here, we may as well enter upon a few details 
of the construction of the steam vessels and machinery 
built at the various works. We shall here draw 
freely upon the excellent description of the American 
boats contained in Mr. N. Scott Russell’s paper, read 
some time since before our Institution of Naval Ar- 
chitects, and contained in the second volume of their 
* Transactions.” 

“ Lines and Proportions.—Out of the circumstances 
before described, it is easy to see how the present form 
of vessels has arisen. Limited to an extreme draught 
of 8 ft., and possessing an enormous traffic over a con- 
siderable length of voyage, there was no choice but to 
make the vessels very broad and nearly dead flat. They 
are accordingly at the narrowest 25 ft. wide, and run 
up to even 50 ft. They carry a deck, projecting over 
the side, which they call the guards, making a breadth 
on the whole of from 60 to 90 ft. 





and which is no doubt very true, that the Americans 


ificent 
steamers for which the Hudson is famous, cost but | have attained 24 and 25 miles an hour. But the rail- 
12s. 6d., and that the railways, which, inferior as they | ways running beside them to Albany along the Hudson, 
may be to our own, nevertheless serve admirably the | 


Another work which has been often proposed, and | f 


have accomplished wonders for a new people. It is | dance of traffic and competition would speedily create 


f e accumu- | a —_ demand for high speed; and the breadth of that 
lated capital, so few old and rich families, in the|no 

absence, in short, of a permanent moneyed class. Is| in this respect. They have, ti 
it not wonderful that, at least: before the war, the jour- gradually Increased in speed; and, but for the intro- 


le river is so great as to . + gy any limit 
wi a few years, 


uction of railways, I have little doubt that they would 


to Boston on the eastern shore, have rendered 
competition in speed too expensive; and they only 


atever we may choose to think | seek now, by the great comfort and luxury of their 
of the claims of our me nage there is no country in | large boats, to tempt passengers at night, and run a 
essings conferred by engineering 
have been so widely and so cheaply secured as in 


smaller class during the daytime. 


The Americans very early—certainly long before 
ourselves—found out that the essential condition of 


“|| Among the works of civil engineering in the neigh- speed is length. The limit, however, to length in their 


case is strength merely, and after trying experiments 
of all sorts, they have settled down and taken under 
400 ft. as the expedient limit of length for their pur- 
pose. There are no fast vessels under 200 ft. long, 
and they are generally from that to 350 ft. in length. 

Among English shipbuilders, the usual mode of 
designing a ship is to draw out the lines of the boat on 
paper and then make a model. Amongst Americans 
the inverse of this is the prevailing practice. As one 
of them has told me,‘ We can most of us whittle 
better than we can draw.’ So they first screw a num- 
ber of light and dark wood slabs together as water- 
lines. The block is then cut out to suit the eye, 
invariably with hollow lines, and the pieces being 
unscrewed are used as moulds, and the lines trans- 
ferred to paper.. This seems to us a very rough mode 
of proceeding, but it was in use some time ago amongst 
eminent Scotch builders, and from the experience the 
Americans have obtained serious mistakes rarely 
occur. 

The length having been determined, which we will 
take at 300 ft., the beam is made at 3th to 3th, which 
we will in this case call 40 ft., and the depth »,th part 
of the length, or 13 ft. The midship section has a 
gentle rise of floor of about 1 ft., and the bilge is a 
quarter circle with a radius of 6ft. The sides are 
generally perpendicular, although they are sometimes 
slightly inclined outwards. The draught is 6 ft., and 
the midship section has therefore about 200 square feet 
of immersed surface. According to the wave principle, 
this section is placed at gths of the length from the 
bow, though the Americans sometimes place it further 
orward. There is no parallel body, and the lines are 
fined off to either end, the after body bemg more cut 
away than we should be inclined to make it. There is 
very little overhang to the stern or bow. The fore- 
foot has a gentle rise like the Great Eastern’s, which 
is considerably increased if the vessel has to go through 
ice, and the cutwater is invariably perpendicular. 
These Eastern steamers are very beautiful specimens 
of fine-lined boats, and well worthy of examination ; 
but it will be seen that naval architecture can have 
little to do with them, and that the real difficulties are 
difficulties of structure. 
Mechanical Structure.—The conditions which I have 
mentioned are so different from the usual conditions of 
British steam navigation, that they have naturally led 
to an altogether different mechanical structure of ship, 
on American, from that adopted on English rivers. An 
English river steamer is merely an altered copy of an 
ocean ship. English river steamers have mostly to 
‘we sory a sea voyage, with the accident or addition of 
ving to go some distance up a river. An ocean 
steamer is therefore the t; in large of its river 
steamer in little. But the erican river steamboat 
is an entirely original production ; it is entirely river 
steamer and nothing else, and when such vessels are 
taken out along-the sea-coast, they are still obviously 
mere river steamers with only such changes made as 
are indispensable to prevent injury by the contingency 
of their loalag to go to sea. 
The conditions are : 
1st. Draught of water of 4 to 7 ft. 
Qnd. A navigation:of 150 miles requiring large pas- 
senger accommodation. 
3rd. A speed of 20 miles an hour, with a remunera- 
tion able to pay for that speed. 

Now the pan length that will do 20 miles an hour 
is 300 ft. The problem, therefore, which the practical 
shipbuilder has to solve is, 

(1st.) How to provide from 30 to 50 ft. in breadth 
of accommodation for goods and passengers. 

(2nd.) How to get from 250 to 350 ft. in length. 
(8rd.) How to carry 1000 to 1500 really effective 
horse-power, and yet not to draw more than from 4 to 
7 ft. water. 

A vessel 300 ft. long, 40 ft. beam, and 6 ft. draught, 





It is not surprising that, on such a line, an abun- 


with fine lines equal to a speed of 20 miles an hour 
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cannot ibly give more than 900 tons displacement, 
although of 3900 tons builder’s measurement. Allow- 
ing for the machinery, boilers, water, and fue!, 240 
tons, that. leaves for the. entire structure and super-| 
structure of the ship and its equipment 660 tons. 
N ow a superstructure of three stories in height, 250 ft. 
long, full of ger accommodation, can hardly be 
reckoned at less than 200 tons weight, which leaves) 
only 460 tons for the entire structure of the actual 
ship, and in this the builder has to provide for a deck 
on guards projecting 15 ft. from either side. 

I will begin by. putting the entire deck at 3 in, 
and for beams and supports a thickness of 3 in., 
which, over an area of 16,000 square feet, will give 
8000 cubic feet, or 160 tons, leaving for the hull proper 
300 tons. If we reckon the skin. of the hull as made 
of pine planking 4 in. thick, and an internal, structure 
of oak frame equivalent to,4in. thick all over, we 
should get, a skin surface of 18,000,square feet equal 
to a weight of 250 tons, leaving 50 tons still to be 
disposed of in the strengthening of the ship. 

ow it will be seen that all this is close shaving, 
and it is of these 50 remaining tons that the American 
shipbuilder makes a very extraordinary but very judi- 
cious and skilful use. 

It is obvious, from the enormous dimensions of the 
ship, and the very slight thickness of materials used 
in the structure of the hull that, in so far as we have 
yet gone, such a deck, skin, and frame are con- 
temptibly flimsy, and, according to our notions and 
practice, ‘quite incapable of carrying heavy boilers, 
powerful machinery, and a cargo necessarily wacertain 
in its.nature, and unequal in its, distribution. . It is in 
the way in which he meets this that the ability of the 
American builder is so conspicuously shown, 

[ shall consider separately how he meets each of | 
these poitits. 

He has got. the weight of his engine and paddle- 
wheels to carry in the middle of the ship. The dis- 
placement of this weight is concentrated on a space 
50 ft. long, and this 50 ft. has to carry 150 tons over | 
and beyond its own share of the weight of the hull of | 
the ship and superstructure, The total displacement 
of this piece is — than 220 tons, of which one-half 
at least is taken up by deck, ship, and superstructure. 
There remains, therefore, of the engines and. paddle- 
wheels at least 50 tons to be distributed elsewhere, 





and in order to help this, the American builder borrows 

from the afterpart of the ship behind the engines the 

support of the next 50 ft. by a trussed frame, which, 

rising above the hull of the ship, gives the support of | 
the afterbody to the weight in the middle, 

On another space of 40 ft. further forward are the | 
weight of the boilers and fuel, amounting to 90 tons, | 
and these again want the assistance of the buoyancy 
of a considerably greater portion of the ship than they 
occupy. He therefore fetches his reserve of force 
from before the boiler, by auxiliary timber strats rising 
from the forebody of the: vessel. The weights in the 
middle 90 ft. of the ship are thus carried by the assist- 
ance of 260 ft. . The completion of this arrangement 
constitutes the hog/rame. 

There seems to be in this country an entire miscon- 
ception as to the duty this structure is designed to per- 
form ; and in anumber of steamers designed for Indian 
rivers, in which the hogframe. has been introduced, it 
has been made of light iron rods capable of keeping up 
the ends of the vessel, but totally unfit to counteract 
the tendency of such boats to sink in the middle, 

The frame is made entirely of pine. It is, frequent] 
from two to three times the height of the vessel itself, 
and extends to within 50 ft. of either.end, forming a 
regular girder. It. gonsists, first. of all, of vertical 
posts resting on the side and, in some cases, on, the 
deck of the ship.. These posts are 15 in. square, and 
are firmly fastened to the side of the ship by iron straps. 
Over the heads of these vertical posts a. long searphed 
beam, nearly 2 ft. deep and 15 in, wide, runs down to 
the frame of the ship, and is in its turn firmly strapped 
down. A diagonal strut is then placed inclined in- 
wards against the head of each post, and a chock on 
the other side to prevent its slipping from the pressure 
inwards. These diagonals ar3.also 15 in. square, and 
are likewise strapped to the top beam and the frame of 
the ship. From the shoulders of the hogframe. two 
tie-rods run to the centre of the ship, having adjusting 
screws fitted to tighten them. up, 

It must not be supposed that this is the universal 
style of hogframe : they are various in design; but the 
one I haye deseribed is one of the best I saw. 

Masts aad Guys.—But there yet remains behind a 
much more remarkable expedient; one much less 
known in this country than the hogframe, and. one to 
which it is very difficult to give any intelligible name. 





1 refer to the system of what, in America, they call 


masts, but which are not masts in any English sense of 
the word whatever. They carry neither sails, rigging, 
nor spars ; but they do this—they keep some parts of 
the vessel down which have a tendency to rise, and 
keep others up which have a tendency to fall. 

it is obvious from the distribution of weights which 
we have examined that they are far from being equally 
distributed over the ship, and also far from being so 
distributed that the buoyant force of each part of the 
ship shall be proportioned to the weight carried on 
that part. 

To take the first example: The boilers and water 
are on the guards beyond the ship, and therefore not at 
all supported by buoyancy immediately below them. 
But the vessel immediately between the two boilers 
has nothing directly to carry, and is thus too much 
pressed up by the water as the guards aré too much 

ressed down by the boilers. On the centre of the 
t, theréfore, two short masts or struts are erected, 
one at the fore end and another at the after end of the 
boilers. The bottom of these masts rests on a powerful 
kelson ; they are about the same height as the funnels, 
namely, 60 f, and from the top of each, strong guys 
pass down to the sides of the vessel, and being screwed 
to a high degree of tension, the iron rods keep up the 
boilers, and the foot of the mast presses down the 
kelson. . Thus. the weight of the boilers is really trans- 
ferred through the tension rods and the mast to the 
bottom of the boat. 
There are two other portions of the ship that plainly 


want support—the sharp bow and the sharp stern. These | ful 


defects the American vessels have in common with all 
fine-lined boats. So the American shipbuilder sets up 
one mast towards the bow and another towardsthestern, 
about 50 ft. from either end, then, by guys, the excess- 
ive weight of the bow and stern is carried up. To 
equalise the weight further still, however, others are 
stuck in, according as experience or the practical use 
of the ship shows a tendency of the vessel to rise at 
any one and fall at any other; and that of course 
depends in each vessel on its own peculiar weight, 
buoyancy, and strength. 

An English engineer at first sight might be disposed 
to say, connect all these masts together with a hori- 
zontal tie, so that they may help one another, and add 
generally to the strength of the ship; but it is 
easy to see that this would defeat the object in view. 
Such a structure would have a rigidity quite out of 
keeping with the rest of the vessel, and excessive 
strains from distant parts of the ship might be thrown 
upon any one mast, quite out of proportion with its 
original intention, and therefore likely to produce 
serious injury. At present, by’ adjusting screws the 
exact stram shown by experience’ to be necessary is 
applied to each mast, and at each point the exact sup- 
port wanted is attained without any damage. 

It will be observed, then, that the mast and guy 
system is entirely local, and does not assist the general 
strength of the vessel, The hogframe, on the con- 
trary, is a general structure, forming part of the vessel, 
and gives to: it that strength in relation to depth of 
which, owing to the shallowness of the hull, it is 
deficient. ; 

Hull. of the Ship.—That part of the ship which 
forms the hull proper in the water and a few feet out 
of it has few peculiarities of structure. 

The. Frame consists of light frames 9 in. by 4} in. 
and 2 ft. piteh they are double frames of oak, and 
being nearly dead flat on the floor present no difficulty 
of execution. There are no cant frames, but they are 
parallel from end to end of the ship. 

There is hardly any projecting seel, but enormous 
éelsons, five or seven in number, running the entire 
length of the vessel; these are sometimes as much as 
3 ft, deep, and give the ship that longitudinal strength 
which its great. length renders necessary. 

The Skis consists of pine and oak dnbing in very 
long lengths, fastened entirely by locust-tree treenails, 
and the butts with iron dumps. 

The Deck Beams are attached to each frame, and 
are 8 in, square, and they have the peculiarity of ex- 
tending beyond the sides of the vessel from stem to 
stern so as to form the guards. 

A singular feature connected with them is that their 
outside ends are supported by oblique struts springing 
from the sides of the ship a couple of feet above the 
water. These struts are sometimes planked over in 
the Long Island Sound boats, so as to offer less resist- 
ance in a sea. 

The ends of the beams are, of course, connected by 
a sort of gunwale, and there is also a thick waterway 
into which the stanchions of the bulwark are fitted. 

One cannot but admire,on a careful examination, 
the simplicity of construction and execution of these 
Eastern river boats. The Americans are quite con- 





scious of the radical defects of timber for the purposes 
of construction, and do not waste time and money in 
trying to make the ends of two pieces of wood as 
strong as the rest. But they make that general dis- 
position of the timber which their long experience has 
shown to be best. And they execute the details in the 
simplest and cheapest manner possible. 
mgines.—The American steamboat engine has long 
been a subject of wonder to the English engineer. It 
is ugly, straggling, and inconvenient-looking ; its in- 
compaetness, want of snugness, and economy of room, 
make it the reverse of everything we think good in a 
steamboat engine. It certainly made the same im- 
ression on me that it has done on all my countrymen, 
but it was at first sight, and at first sight only. Daily 
the unfavourable impression became mitigated by 
familiarity, and after a careful study of its details and 
qualities, I do not think it possible to design an engine 
more admirably fit for its use and purpose, under the 
circumstances where it is applied. 

In this country there is not a single engine which 
can be said to be entirely English and pre-eminently 
suited to any one purpose. The American walking- 
beam engine, on the other hand, is universal in the 
States, and acknowledged to be the best suited to their 
Eastern river navigation. I think it will be admitted, 
therefore, that the permanence of this kind of engine 
in the American steamers must be held as prima facie 
proof of its excellence, and that it is entitled to our 
on erg consideration, and likely to reward our care- 
study. 
I rea examined its structure in the best workshops 
of America, and have watched its practical working in 
their best steamboats. I have satisfied myself that it 
is cheaper in construction, lighter in weight, more 
economical in management, less costly in repair, more 
durable, and better suited for high speed, than any of 
our own engines would be. I think that for the navi- 

tion of large rivers, like’ those of China and India, 
it might be adopted with great advantage, and many 
of its details, indeed, might be adopted with advantage 
in any engine. ; 

One great advantage which the walking-beam en- 
gine possesses is that of being the only one which im- 

oses no restraint on the engineer with regard to 
fength of stroke or diameter of wheel. I ought to 
except the fixed inclined engine; but it takes up so 
much valuable room in the hold of the ship that it is 
now entirely abandoned for river steamers although still 
in use for ferry boats. ‘The beam engine, on the other 
hand, takes up but little additional room in the ship in 
proportion to the increase in length of stroke, but only 
raises the walking-beam higher above the vessel. 

It will be seen that the shallowness of the water de- 
termines one material point in the structure of the 
engine. It becomes impossible to get a long stroke 
directly under the shaft, the position in which English 
engineers have shown themselves so anxious to place 
it. Driven from below the shaft from want of height, 
the Americans have placed their cylinder immediately 
behind the crank, and with the centre of the cylinder 
on a level with the shaft. This necessarily throws the 
walking beam to more than four times the length of 
the crank above the level of the shaft, which, with a 
12 ft. stroke, is equal to 24ft. This also determines 
four times the length of the crank as the length of the 
connecting rod, and four times its length for that of 
the walking beam. These parts are, therefore, in tole- 
rable working proportions, and they necessarily deter- 
mine the arrangement of the mimor parts of the 
engine. z 

The Condenser, as in the older James Watt and New- 
comen engines, is directly under the cylinder, forming 
a continuation of it, so that the cylinder stands imme- 
diately by means of this contrivance upon the kelsons 
of the ship, which are there made particularly strong. 

The arrangement of the Air and Feed Pumps 1s like 
the old James Watt pumping engines, so that it seems 
as if the Englishmen on the other side of the water 
were more faithful descendants of James Watt than 
those on our side. The inventive and volatile Yankee— 
as we think him—has adhered doggedly to tradition 
and the original James Watt engine, which has come to 
be regarded as an American institution. 

One more feature of these engines is very remarkable 
and very un-English. The floor and framing of the 
engine are of wood. But it must be remembered that 
wood is the American staple, as iron is ours—they pre- 
fer timber, and know how to use it. We have given 
our preference and study to iron. But there 1s no 
doubt that their wooden framing and engine floor = 
well adapted to their light wooden boats, and work wel 
with this kind of engine. 

The Details of the Bn ine are also throughout re- 
markably at variance with our present improved prac- 
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tice ; remarkably like things we have long abandoned, 
and at the same time well suited to the circumstances. 

Take for example the Framing. We kuow that 
timber, weight for weight, on a moderate scale is a 
better strut than iron; and we know that ironisa 
better tie than wood. Now the framing of an engine 
whose work is to be done all round the circle must be 
prepared to stand both draw and push. The difficulty 
therefore of choosing between iron and wood is great. 
The Americans have dodged this very cleverly ; they 
give each wood strut a companion iron tie rod; the 
two quite independent of each other—the iron to do 
all the draw and the wood to do all the push. This at 
first sight seems odd and wasteful, but on consideration 
it turns out to be economical, purpose-like, and con- 
venient. 

The struts are made of sound posts of fir unmuti 


structure. 


framing. It is quite plain that this 


pomts of the lever. The Americans have, therefore, 
made the centre portion of cast iron, and the four 
sides of the beam, which is lozenge-shaped, form one 


continuous bar of wrought iron, the two diagonals of 


which are the cast-iron frame before mentioned. 
There would be no other parts of this lever, but for 
its having to work the air pump; and, therefore, a 
small subsidiary truss, similar in principle, is contained 
within. The whole of this walking beam is a fine 
piece of workmanship, and nicely fitted and finished. 

The Connecting Rod between the lever and the crank 
is an exception to the principle which regulates the 
rest of the structure. It is a wrought-iron bar thick 
enough to bear both the push and the draw, and, 
therefore, looks out of proportion to the rest of the 
structure. It is trussed against vibration by two 
stays afore and abaft it, and its weight is possibly 
compensated for by the fact that it has to balance the 
piston and piston rod at the other end. 

The next curious feature of these engines is the 
parallel motion of the cylinder and air pump, where, 
mstead of copying their type, they have substituted a 
single slide guide for the ,parallel motion of James 
Watt. This slide guide consists of a surprisingly 
slight upright bar of cast iron, which, however, fetches 
strength in the direction of strain in an almost radely 
simple way, by stays from the wood frame. 

About the crank und crank shaft there is little to 
say. The cranks are sometimes of wrought and some- 
times of cast iron; in the latter case they are sur- 
rounded by a wrought-iron strap. 
_ The Eccentrics are fixed on the shaft, and the back- 
ing is done by hand. A long light truss carries the 
motion of the eccentric to the valve gear, just as in 
the old Boulton and Watt engine, and a gab either 

des over the working pin of the valve gear, or‘is let 
~ upon it to work the engine in the old-fashioned 


The Valve and Valve Gear are, perhaps, the most 
refined and successful parts of the engine, and are cer- 
y those .in which it differs most widely from ours. 
They have reduced its details to an absolute working 
Perlection. Nothing can be simpler, quicker, or quieter 
than their best specimens of valve gear. 
There are four valves, two for steam and two for ex- 
aust ; each consists of two circular discs placed some 
tance from one another, so that the pressure of steam 
on the upper may be counteracted by the pressure on 
the lower disc, while one is made a little em than 
other to keep the valves shut by the difference of 
Pressure, Two pillar tubes, with cross entablature at 
‘op and a cross plinth at bottom, compose the old 
oa passages, Tw 


Bt Figg gata each of the valves, so that the best 


given. The ned o> vacuum can be independently | placed outside the ship, and are out of all proportion 


‘ small, compared to the size and power of the engine: 
a © precise curve that shall open and shut the|A single-cylindered engine of the above size would 


t delicacy consists in giving to the 
C exactly when wanted, and do it quietly, 


sion, the loss increases in a high proportion. 


is about 10 cubic feet of steam at every stroke. 


The great theoretical defect of the balanced valve 


ages peculiar to | square 


'wo shafts, worked by separate eccen- | of the two engines, and I have therefore taken effective 
dent and’ four wipers on these shafts, give indepen- horse-power. 


uietly. A rapid motion is attained by lengthenin: 
the wipers and toes, which are sometimes 30 in, an 


the eccentric. 


sometimes used, and is the invention of Mr. Sickels. 
It consists in dropping the valve at any point of the 
stroke, and has thus the advantage over the Stevens’s 
cut-off in being variable.’ The valve is prevented from 
striking hard on the seat by means of a dash-pot, or 
what in England is Pama: termed a cataract. It 
consist of a small cylinder ns piston, the bottom being 
filled with oil or water, and sometimes only air, ‘and as 
the little piston falls with the valve to’ which it is at- 
tached, violent concussion is prevented by the com- 
pression of the liquid in the lower part of the dash-pot. 
Another advantage said to be obtained by the Sickels 
over the Stevens’s cut-off is the prevention of any wire- 
drawing of the steam ; but this is only a supposed ad- 
vantage, for no wire-drawing is perceptible on diagrams 
taken from any engines fitted with the Stevens’s attach- 
ment. 
As variable cut-off, then, is of little advantage in 
river boats, and is so much more complicated, the 
simple Stevens’s attachment, fixed to cut off the steam 
at from $ to ~ of the stroke, is preferred to the theo- 
retically perfect but practically inconvenient and in- 
genious invention of Mr. Sickels. 
Boilers—There are two ways of increasing the 
re of an engine; you can either enlarge the 

iameter or lengthen the stroke; so that the paddle- 
wheel of an engine being 30 ft. in diameter, a double- 
cylindered engine of 72in. in diameter, and 6-foot 
stroke, is theoretically equal in power to a single- 
cylindered engine of the same diameter with a 12-feet 
stroke. We almost invariably use the former style of 
engine, but it ‘is to the latter that the Americans have 
given their preference. The usual rule for calculating 
nominal horse-power would not make these engines 
equal, for the diameter of the wheel is always supposed 
to bear a constant proportion to the length of stroke, 
and the double-cylindered engine would be 400 nominal 
horse-power, while the American engine would only 
reckon 260; it will be seen, therefore, that taking 
nominal horse-power would give us no fair comparison 


The boilers are made as light as possible, as they are 





indicate about 2000 effective horse-power. Now an 


I have “before méntioned the principal theoretical | and reduced: the - : 
defect of the balanced valve. But a practical difficulty | BOW almost a tubular boilex, The American flange iron 
presents itself in the unequal expansion of the valves | 18 80 sunagior te qpality thaf.no angle iron is required in 

t leakage the construction of the 


even 36 in. in length. The starting gear consists of a 
small rock-shaft, with small toes and wipers worked by 
hand by means of a long lever in the same manner as 


There is another valve motion, however, which is 


yards. 


is | English engine would have 0°6 square feet of fire-grate 


the loss of steam between the valves ‘and in thie pas-| Surface, and a heating surface of 5 square feet per in- 
sages, and when high steam is used and great expan-| cated horse-power, whereas the American engine has 
In an| not half of either of these quantities; but the steam 
engine of 400 nominal horses-power, the loss of steam | must somehow be found, so the boilers are formed by 
It | means of a blower or fan, worked by an independent 
may be urged that there is an equal loss of steam in| engine, and the draught is further increased by im- 
the steam passages of the slide valve, but this loss can | mensely high funnels, to the great detriment of the 
and has been reduced to a minimum by placing the | boilers, an u fuel 
valve immediately over the steam port, whereas the| There. is nothing very peculiar in the style of boiler ; 
defect in the balanced valve is incurable. 

; On the — on 7 one advant fe ty 
the puppet valve, which, for the ose it is intended, e ‘ 
sonar invaluable. The anata power required long and 13 ft. diameter, and there are two furnaces in 
to open and shut the valves is so small, that the largest | each, 41. Dr LG, J 
engines, some of them 500 horse-power, are worked | long flues in the pit ote and 
-| with perféctease by one man, although the backing, as through those in the w 
lated by fastenings or scarphs, and where the ends | before mentioned, is done entirely by hand. 
supports muchinery, the cast-iron block resting on the 


wood has simple bolt holes to receive the tie rods, 
which are round, and run nearly parallel with their 
struts. ‘To allow also for the yielding of the wood by | and their respective seats, from which , 

force and wear, a coupling is placed conveniently on] and loss of steam result. Various methods—all of| turned up and rivetted 
each rod to be tightened by the engineer, and the whole | them ingenious—are ) ae to overcome this difficulty, | boiler. 
framing is’ kept at all times a compact and united | One way is to grind t 


at much waste of fuel. 


it is a-circular flue boiler, with an enlarged end, and 
bottom for the furnaces and ash-pit. 
A set of boilers (shown by Mr. Russell) are 38 ft. 


4ft. broad. and’ 8 ft,,long ; the heat traverses the 


in returning 


ott of the re smd 
the chimney, They have’of late increased the number 
ey: ii tot 


the flues, so as to have 


rs, the ends being merely 
the shell and flues of the 
ey are generally double-rivetted, and are 


e top disc in its seat, while a| fine specimens of workmanship 


piece of thick paper is placed between the lower valve 
The details of the Walking Beam, or great working | and its seat. 


lever, are quite as interesting a study as the wooden 

loos has exactly 
the same work to do as the framing on which it| which I think the best, is to make the 
rests; and one can quite imagine that at one time it 
too was a compound trussing of wood and iron. 
The fault, of such an arrangement would be, first, the | without at the same time jamming. The 
room it would occupy, and next the considerable quan- 
tity of complicated fastening required at the working | the experience of different engineers. 
The Valve Motion, which is almost universal, and is 
called, after the inventor, ‘ Stevens’s cut-off,’ consists of 
wipers fixed on the rock-shaft before mentioned, which, 
by lifting toes attached by long rods to the valves, open 
and shut them for any part of the stroke easily and 


The Paddle-wheels are sometimes made of iron, and 


A second, to set the valves when hot and sometimes also of wood, the three dises of course 
already expanded. A third, to cast the valve stem | being of cast iron. The shaft,has an outside bearing, 
from the same melting as the chest. And a fourth, | Supported on a beam, independent of the outside of 
angle of the | the guards and paddlebox. This is a very judicious 
conical seat so sharp that any little expansion makes but | atrangement, for any concussion or rubbing against 
little difference ; and that both valves are tightly seated | the box does not injure the bearing of the'shaft. The 

i uisite | Wheel itself, whether of wood or iron, is bolted to 
angle to do this varies from 15° to 20°, according to 


the discs in the usual way.” 








Tue Paris Exursition Burtpme.—The construc- 
tion of the Paris Exhibition building is now being 
rapidly proceeded with, and the works have sufficiently 
far advanced to give a good idea of its size and general 
arrangement. Of the innér zone, which is to be con- 
structed of masonry, with.a roof of iron and glass, a 
large. quantity of the stonework is in place, and the 
outlines of ‘the picture galleries and central garden are 
clearly defined. The outer zone is almost entirely of 
wrought iron, and of this portion more than fifteen 
pairs of pillars, each about 82 ft. high, together with 
many of the girders, and the beams are now erected. 
Some parts of the roofing are also completed, together 
with the pillars and lattice girders of the two lateral 
courts,with the piazza outside towards the garden, and 
the profile of this part of the building is clearly 
defined, _We may mention here that the exe- 
cution of the ironwork is divided between five 
large firms, MM. Cail and Co., Gouin and Co., Joret, 
Joly, and Rigolet, and 70 per cent. of it is stated to 
be now ready. The grand gallery is in the hands of the 
three firms first mentioned, and is — proceeded with 
from three different starting-points. ‘The intermediate 
galleries between the inner and outer zones are also 
proceeding rapidly, so that a portion of each section of 
the buildings, or small quadrant of one of the circular 
ends, is complete as regards the framing. The under- 
ground work has been completed for some time, and 
the various passages for ventilation, drainage, &c., are 
nearly finished as regards their main construction. 
Those which. come under the building are covered 
in, the vaultings..and pillars supporting them 
being constructed of déton aggloméré by Coignet, 
and the vaulting of the remainder is being rapidly 
proceeded with. ‘The same system of vaulting con- 
structed of béton aggloméré has been recently employed 
for the great underground works of the new barracks 
now being erected, the Palais de Justice, and it has 
also been used in many other public buildings in 
France. A steady progress is'being made in the pre- 
aration of the park or grounds surrounding the 
building. It is stated that the Imperial Commission 
has taken a large plot of vacant ground which is to 
form an annexe tothe Exhibition, and is to be 
devoted to’ agriculture: ‘Another new department. of 
the Exhibition will be that which is to be devoted to 
pleasure-boats of all kinds, and. the industries connected 
therewith—a piece of. land between the Champ-de- 
Mars and ian ‘adjoining landing-place, the '' former 
having an’ area of 500 and the “latter of 600 square 


Exports OF P1a Anp Puppiep Iron.—The value of the 


exports of pig and. puddled iron from the United Kingdom has 


a increased. of late one In. 1850 the value was 
8,074L; in 1855, 1,072,4282.; in 1860, 974,065/., and in 


1865, 1,591,063/.. For the first three months of this year the 
value of the pig. ahd puddled iron exported was, 298,452/., as 
compared with 252,686. in. 
and 256,689. in 1864. ‘The 


the corresponding period of 1865, 
qeanititica of ,pig and puddled ex- 





ed were as follows: 1850, 141,973 tons; 1835, 291,776 
coe 1860, 342,556 tons; 1865, 543,018 tons, 
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WILSON’S PUDDLING FURNACE. 
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WE have called attention, in a leading article, to the remark- 
able success attained by Mr. Wilson’s furnaces at the Milton 
Ironworks, near Barnsley; for were the same results obtained 
generally at all ironworks throughout the kingdom, they would 
amount to a national gain, by greatly cheapening the cost of 

uddling, and by preventing smoke. The new furnaces have 

n under long and successful trial, and the best proof of their 
success is to be found in the fact that all the others at the works 
in question and at Elsecar are immediately to be altered to the 
same plan, the alteration being now in rapid progress. The 
furnaces have been successfully worked with slack coal, and 
although slack is said to have been satisfactorily burnt in 
Blackwell and Simoncourt’s furnace, nothing, we Lion has 
ever come of that invention, and the whole subject remained open 
for Mr. Wilson. 

We give herewith a longitudinal section of the new puddling fur- 
nace at Milton, ‘The fuel is supplied through the door K at the top, 
and rests upon the plates E and E!, and upon the bottom plate 
below M, the surface of the fuel sloping down at what engineers 
would call the “angle of repose.” ‘The front of the furnace is 
shut in by plates and a door to keep in the heat, and the air 
enters at the lower edge of the plate P. Its direction thence is 
clearly shown, a considerable portion passing through the grating 
H, which sup none of the weight of the fuel, while the rest 
passes down through the passage Q'. It will be seen that the 
plates E and E' are protected with fire-brick where the air meets 
the fuel, but all other parts of the plates appear to suffer nothing 
from the heat. be 3 have been in use a long time without 
showing any signsof burning. The grating H, although a mass 
of incandescent fuel shows through it, remains comparativel 
cool, A wedge of soft deal which we pushed nearly through 
the bars was barely charred after continued exposure. The 
passage tothe puddling chamber, which latter is of the ordinary 
orm, is seen in the section, Air may be admitted at will, and 
according to the fuel burnt, through the side opening H. The 
refuse, or incombustible portion of the fuel, sinks in the chamber 
M, and is gt out at intervals through the door O. 

The fuel burns away progressively, without any possibility of 
obstructing the air-passuges, and fresh coal never falls upon the 
surface of a burning mass, as in ordinary firing. The whole of 
the gaseous matter of the fuel is burnt first, and the whole of 
the combustible solid portion afterwards, for none of it can drop 
through to waste. 

After the alteration of all the Milton and Elsecar puddling 
furnaces has been completed, we shall give further detailed par- 
ticulars of their working. 








PATENT SALINOMETER CASES. 
To Tue Epiror or ENGINEERING. 

Str,—Mr. Jensen’s interesting paper on Incrustation in 
Marine Boilers, in that part relating to the use of salinometers, 
has left one very im subject untouched—namely, the 
connecting with the boiler tne case containing the hydrometer 
and thermometer. I think it will be readily admitted that if the 
connexion between the boiler and the case be not well-considered 
and suitable, as for example, if the tubing be of too small a 
diameter (an error not unfrequently made), the use of the 
patent case may have to be abandoned, and a resort to the old 
“can” necessitated, whatever form of patent case may have 
been adopted—whether of the simple character of How's, or of 
the more complex nature of Long’s or Gamble’s. It is indeed a 
fact well known, that the want of care and consideration in fixin 
and connecting has oftentimes got for good instruments a bad 
name. I am of opinion, also, that with proper connexions a How 
case may be made to offer “all the poy vty Long’s. For 
example, How's cases have been so fitted that the water from 








the boilers was led into a funnel-shaped reservoir open to the 
atmosphere, so that the steam could escape and solid water only 
be admitted to the case. This is only one way, and an inex- 
pensive one, of doing the thing, and many as simple might be 
suggested. Witha re use of How’s cases of the best con- 
struction, no danger of forcing the hydrometer upwards can 
occur, as a tube is provided for its safety, and, with the inlet 
and outlet properly proportioned, the most careless operator need 
not be scalded. The How case is described as if it were to be 
used only occasionally, that is to say, as from time to time it is 
desired to ascertain the density of the water in the boiler, water 
is to be admitted therefrom into the case. Now this is by no 
means its proper use. It was designed for, can be, and is daily 
used as a “continuous indicator,” by regulating the cock at 
inlet, so as to maintain a gentle continuous stream through the 
instrument. When this is done, should there be any bubbles of 
steam, they will pass upwards in a direct line to the surface of 
the water, and any vibrating unsteady motion which their dis- 
engagement might otherwise occasion is prevented from being 
imparted to the hydrometer by reason of its being enclosed in a 
tube in which solid water only can enter. That an instrument 
has been, and may be, used carelessly, surely ought not to be 
adduced as an argument against its general efficiency ; but if so, 
the application must be allowed in other cases, and it is quite 
possible, by setting the jamb-valve right back, and opening fully 
the inlet in Gamble’s salinometer (Figs. 1 and 2 in Mr. Jen- 
sen’s paper), to blow water and steam through the hole in the 
cover of that instrument. This, however, would not be con- 
sidered fair usage. The Gamble salinometer (Figs. 1 and 2) is 
said to “all the advantages of Long’s.” Now this is not 
really the fact, for it is not provided with any contrivance for 
separating the steam from the water—the possession of this con- 
trivance giving Long's all the advantages which Mr. Jensen 
claims for it over How's, and the want of it in salinometer 
(Figs. 1 and 2) making that instrument in this respect inferior 
to the How’s case of the construction I have before de- 
scribed, inasmuch as any steam bubbles passing into salino- 
meter (Figs. 1 and 2) will, from the position of the inlet, 
pass — in a direct line to the hydrometer, striking 
its bulb and giving it thereby occasional spasmodic action in 
their endeavours to reach the surface; whilst in the How case, 
the inlet being placed without the area of the hydrometer tube, 
the bubbles wal ascend to the surface, without its area, and the 
water in the tube be solid and tranquil. The objection stated 
may not apply to the very recently devised moditication of the 
Gamble salinometer ; it will be interesting to hear its character 
as soon as practically tested; but that the evil existed the ne- 
cessity for the modification evidences. 

Of the instruments described in Mr. Jensen’s paper and those 
not described (for that gentleman’s search, though praiseworthy 
in extent, has not been exhaustive) each has points in which it is 
susceptible of improvement, and the advantages;offered by each 
form may yet be combined in one instrument. The com- 
mercial success, however, of the inventor will mainly 
depend upon his being able to luce at a@ price 
considerably lower than the cheapest of the efficient forms 
ot salinometer case at present in use, otherwise ship-owners will 
still refuse to disburse more than the sum necessary to purchase 
a metal and a glass hydrometer, a thermometer and a copper 
pot or tin can, the proper value of a constantly indicating 
salinometer gauge having yet to be learned by them. Mr. 
Jensen’s valuable paper will doubtless assist greatly in con- 
veying the lesson. In any such new contrivance, however, I 
should consider it an especial advantage if in it,jas in Long’s and 
How’s cases, the ordinary hydrometers and thermometers 
(purchasable at every port) can be used. Sains 

B 





Rariway Brris.—On Friday, in Lord Redesdale’s Com- 
mittee, House of Lords, the Hexham and Allendale was passed. 
The Manchester, Sheffield, aud Lincolnshire (additional powers) 
was also passed. The Winchcombe and Midland, to raise 
42,0002. by shares and 14,0002. by loan, the Manchester, Shef- 
field, and Lincolnshire (new lines, and the Manchester, Shef- 
field, and Lincolnshire (Liverpool Extension) were passed. In 
another committee, the London and North-Western (new lines), 
and the Uxbridge and Rickmansworth, to raise 43,0001. by 
shares and 14,000J. by loan, were adjourned. In the Standing 
Order Committee the Presteign, Clun, and Bishop’s Castle Bill, 
to raise 275,0002. by shares and 92,0002. by loan, to make four 
railways, was The Ellesmere and Glyn Val ey was also 

. The East Gloucestershire Bill and the Hoy ake Bill to 
raise 200,0002. by shares and 66,0007. by loan, were re ssed. The 
Wrexham, Mold, and Connah’s Quay and Hoylake Railways Bill 
was . Inthe House of Commons, Group 3, the South-Eastern 
and London, Chatham, and Dover (London, Lewes, and Brighton) 
Bill was again heard, and adjourned. Group 14.—The Mid- 
laud (Ashby and Nuneaton), the Midland (Branches, &c.), and 
the London and North-Western, and Midland Counties Coal- 
fields (Extension) were partly heard and adjourned. Group 
16.—The Swansea and Clydach was heard and adjourned. 
Group 17.—The Llantrissant and Taff Vale Junction, the Oss- 
more Valley (No. 1) and the Ossmore Valley (No.2) were 
heard and adjourned. In the case of the Brecon and Merthyr 
Tydvil Junction (northern er the parties stated that they did 
not intend to proceed with the bill; the Vale of Neath (Transfer) 
Bill was heard and adjourned. In Group 18, the Caledonian 
and Scottish North-Eastern Bill was heard and adjourned. In 
Group 18a, the Caledonian (Edinburgh Station) and the Cale- 
donian (Corstorphine Junction) Bills were again adjourned. In 
Group 19, the Caledonian (Lanarkshire, &c., Branches) Bill 
was heard and adjourned. 

Caprain Maury.—At the banquet at Willis’s Rooms on 
Tuesday evening, at which Captain Maury was presented with 
a purse containing upwards of 3000 guineas, for the benefits 
which his researches had conferred upon commerce, Sir John 
Packington, M.P., the chairman, in the course of a happy 
speech, said that the practtical results of Captain Maury 
discoveries had been to lessen the expense of the voyage 
a vessel of 1000 tons from this country to Rio, India, or 
China, by no less a sum than 250/., while in the hy 
of a ship of that tonnage to California or Australia and back 
the saving effected was 1200/. or 13002. In receiving the test!- 
monial, Captain Maury, after expressing his deep sense of the 
honour conferred upon him, briefly described the means he had 
adopted for obtaining information from all parts of the world 
respecting certain phenomena of the sea and air. Without the 
expenditure of a penny, fleets of merchantmen belonging t 
every maritime nation had been converted into temples of science 
and floating observatories. Much had already been done, but it 
was a mistake to suppose that the harvest had been gathered. 
Entire stalks still remained, and gleanings both rich and rare. 

Sree. Tupes.—The cold-drawn steel tubes, made by 
Hydraulic Tube Drawing Company, will probably soon a 
into use for locomotive boilers. They cost but one half as 7 
as brass, are very much thinner, and are proved to eS 
pressure. No corrosion is anticipated and it 1s not apprehen 
that any difficulty will be fuund in setting them so as to 
tight joints. : he 

THe DEFENCES or CALLAO.—Besides smaller ordnance, thé 
Peruvians had eight heavy guns, all of Captain Blakeley’s manu 
facture, to meet the attack of the Spanish fleet. Four of — 
threw 400 Ib. and four of them 500 ib. shot. Two on the no 
and two on the south side of the harbour were mounted in irom 
turrets. The Spaniards had decidedly the worst of it. 
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Tue particulars given in a former article on this 
subject (vide Encineerinc for llth May last, 
page 301) referred only to the earthen portion of the 
work, whereby the Ganges Canal is carried across the 
valley to the high lands on either side of the Solani 
valley. The object of the present article is to give an 
account of the masonry aqueduct which spans the 
Solani torrent. 

The original design for the waterway of this river, 
20 grey in 1840, gave nine bays or openings of 56 ft. 
each, or an escape in the aggregate equal to 504 ft. ; 
but the occurrence in 1844 of an unusually high flood, 
exceeding by 3ft. what had been supposed to be the 
maximum height of the Solani floods, showed the 
evident necessity of anticipating the recurrence of 
similar or even larger floods. With this view the 4 
posed waterway was increased to fifteen bays of 50 ft. 
each, giving a total width of 750 ft. The design of 
the foundations was adapted to a waterway of fifteen 
bays of 50 ft. each, with piers of 10 ft. and abutments 
of 21 ft. in width, the latter being flanked by the wing 
buildings connected to, and continuous with, the revet- 
ments and embankments of the earthen aqueduct. 
The extreme width of the channels for carrying the 
canal water over the Solani, including their walls or re- 
vetments, is 192 ft. The total superficial area covered 
by the body of the aqueduct is 178,944 square feet, or 
932 ft. in length and 192 ft. in breadth. 

Borings made in the bed of the river showed that, to 
a depth of 37 ft., it consisted of nothing but sand, oc- 
casionally mixed with clay, but in such small propor- 
tions that sand was clearly the prevailing ingredient. 

The foundations upon which the aqueduct was built 
consist of 338 cubes of masonry, sunk to a depth of 
20 ft. into the river bed. These blocks vary somewhat 
in dimensions, the largest being 26 ft. long by 22 ft. 
broad, and the smallest 153 ft. long by 6 ft. broad. In 
addition to these, the flights of steps, built in the form 
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of quadrants, which terminate the aqueduct wings, and 
act as curves to the embankment slopes on their reach- 
ing the aqueduct proper, are built upon circular wells, 
of which there are four to each quadrant, or to each 
flank of the main building. The total number of these 
wells is sixteen. 

The method of setting the foundation blocks in posi- 
tion was by undersinking, a plan practised by the 
natives of India to a great extent; it is universally 
adopted in wells for drinking purposes, and is largely 
used by their engineers in obtaming supports for their 
masonry works, when the soil is either sand or of a 
treacherous nature. 

The plan of undersinking the masses of masonry was 
as follows: A wooden curb or frame was first- placed 
in the position in which the block was to be sunk, 
and the masonry then built up, and permitted to 
stand over for a time for induration. the cubes as 
used for the aqueduct foundations are each perforated 
by four square or octagonal holes, through which the 
undersinking apparatus can work. A common tressel 
windlass being placed over each hole, the soil was then 
simultaneously removed by means of the jam (or large 
shovel), which is worked either by the hand, at 
moderate depths, or by a long pole attached to a 
socket in the handle end of the Bake, by aid of which 
it can be worked to a depth of 20 ft. To the jahm 
there is attached a rope, which, by the aid of the 
windlass, is pulled up, and the soil is thus raised and 
removed; and with the removal of the soil from the 
interior the depression of the block proceeds. Instead 
of sheet piling in front and rear of the aprons, by 
which it was at first intended to protect the foundations, 
blocks similar to those used for the foundations have 
been used, which were undersunk in the manner above 
described. 

On the whole of the blocks having been sunk to the 
full depth, their undersinking holes were arched over. 
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The blocks were, previously to the commencement of 
undersinking, placed at _ ee distances apart, so as 
to admit of irregularity of depression, and to avoid 
contact or friction with each other in their progress 
downwards. The distance between the larger blocks did 
not exceed 2 ft. 33 in., and that between the smaller ones 
2 ft. 1lin. Before commencing the floorings, piles, 
12 ft. in length, were driven in so as to fill up these 
intermediate spaces. On the completion of the pile- 
driving, the sand and earth within the foundations 
were excavated to a depth of 3 ft., the whole was then 
filled in with rubble masonary, carefully laid and 
grouted, and the upper surface covered with a flooring 
of bricks laid edgeways. 

During the progress of the floorings—a work that 
terminated during the season of 1853—a commence- 
ment was made of the superstructure. The spring of 
each arch is at a height of 12 ft. 9 in. above the bed of 
the torrent, and each segmental arch is an are of 
60°, or one-sixth of a circle. The piers, as before 
stated, are 10 ft. wide and 192 ft. long. The super- 
structure was built up in two separate lines, and 
the canal waterway above was consequently made in 
two separate channels, The total width of the work 
being 192 ft., the piers were raised in portions of 96 ft. 
in length each, merely touching each other, and free 
from brick bond. This admitted of irregular settle- 
ment of the foundations without disarranging the 
whole area of the superstructure, and enabled the 
quantity of ribs and apparatus for building the arches 
to be reduced to one-half. In having two channels 
for the passage of the canal water, repairs may be exe- 
cuted, when necessary, without closing the canal, as 
the plan admits of the closing of one channel and lay- 
ing it perfectly dry, while the other affords a free pass- 
age to the water. 

At each end of the chambers the waterway is divided 
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by piers for the reception of sleeper planks, which can 
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be dropped through grooves formed for their reception. 


The closing of the ends of one of these chambers pre- | pipe 


vents the admission of further water, whilst small sluice 
shutters connected with side channels carried —— 
the revetments towards the escapes in the wing build- 
ing give facilities for carrying off the water which re- 
mains in the chamber after its ends are closed. The 
piers above mentioned give also supports for lines of 
cross-communication from one side of the aqueduct to 
the other, obtained by the sleeper planks, when not 
otherwise required, being thrown from pier to pier. 

The spandrils are filled in by cross walls, pierced by 
archways, and opened out to the external air by means 
of circular holes on the pilasters. These holes give 
free ventilation to the whole of the space connected 
with the spandrils, which, by means of the archways, 
are accessible in all their parts. The thickness of the 
masonry between the soffit of the arch and the surface 
of the flooring of the chamber is 5 ft., four of which 
constitute the arch, and the remaining foot is of- flat 
brick. The tops of the side revetments, which are 
10 ft. in width, were furnished with single lines of rail- 
way in connexion with those extending along the em- 
bankments, and, on the completion of the piers to their 
full height, this single line of railway was, as the 
masonry works advanced to a sufficient height, pushed 
across the Solani to meet the double rail on the 
Muhewur side; and thus the completion of the > 
stream cutwaters and single railway brought the whole 
of the aqueduct works in communication with. the 
brick-fields at Roorkee and Muhewur. This railway 
was carried across: the 50 ft. bays by the interposition 
of two temporary piers in each bay, the width of each 
being 3 ft., ‘and its height 10 ft. The rail was sup- 
ported on timbers of 12in. square, laid longitudinally 
across the pier-heads, 

The material for each arch was collected immediately 
on the spot where it was required, and deposited on 
platforms erected for its reception. The centres used 
in the construction of the arches are shown in the ac- 
companying sketch ; the ribs were placed distant from 








each other 5 ft. from centre to centre, and conse- 
quently twenty frames were required for the centreing 
of each half width of arch (96 ft.). By the method 
adopted of building the arches in detail, only three 
sets of frames were required, and it was as follows: 
The fourth, eighth, and twelfth bays were converted 
into abutments by building walls across them adapted 
to the ultimate support of the centreings, and filling in 
the spaces between the cross walls with sand; thus 
nine of the bays were always open for the passage of 
floods, giving a clear waterway of 450 ft. in width. 

When the arch, which was commenced from each 
skewback towards the crown, was completed to within 
two courses of the keying, the sides were wedged 
home, and the keying courses were then applied with 
the hardest brick driven in with mallets. The centre- 
ing was lowered early on the morning after the arch 
was keyed, and no superstructure was commenced 
until a period of six months from that time. 

During the construction of the arches, the spandril 
walls, with their superflooring, advanced with an equal 
regularity of progress.on, the one being six months in 
advanee of the other ; and immediately the flooring was 
completed across the aqueduct from one abutment to 
the other, the railroads at Muhewur and Roorkee were 
connected by a line laid upon the flooring. 

The mean depression of each arch was taken after 
removing the centres, and the result showed the 
greatest depression to have amounted, in the seventh 
arch, to 0.3180 ft.,-and the least, 0.1135 ft., in arch 
number twenty, the average mean depression in all the 
arches being about.0.1645 ft. The deviations of the abut- 
ments and piers from the perpendicular were also noted, 
and in no place was this found to exceed §ths of an inch. 

The floorings and spandrils were entirely completed 
by the end of March, 1854, and the remaining work, 
which consisted of raising the side and centre walls, 
completing the wings, and making the ogee curves 


connecting the aqueduct proper with the earthen aque- 
duct revetment, was completed without any difficulty. 

The wing buildings have been arranged internally in 
such a way that they may be applicable to machinery, 


the power for which is also arranged for by a series of 
ipes which pass vertically Oecast the masonry of 
that part of the building lying in close connexion with 
the canal channel. With these pipes a channel run- 
ning from the flanks of the chambers, with its head 
rotected with a stone block and ring, is connected. 


aqueduct in which the expansion of width takes place, 
the channel is 2 ft. wide by 3 ft. high, and is laid on a 
slope of 9 in. When it is necessary to lay one of the 
chambers dry, the planks are placed in the ves at 
each end,.and made water-tight ; the stone blocks are 
then removed by means of their iron rings, and the 
water which is enclosed in -the chamber off 
through the channel and wing buildings into the bed 
of the Solani river. Each chamber has two sluices or 
escapes of this.sort, one directed towards its upper 
and one towards its lower wing. The perfect drainage 
of the chamber is effected by means of a cunette, or 
narrow channel, slightly depressed below the chamber 
flooring, and with an incline towards the sluice-head. 

In rear of the pedestals which flank the aqueduct, 
and which, with their superincumbent lions, stand:on 
each wing, the water-measuring apparatus, together 
with the steps of descent from the top of the embank- 
ment levels to the interior of the wing rooms, are 
situated. The latter are covered by a block of masonry, 
corresponding in character with that of the pedestal 
itself; they lie on the side of the road of communica- 
tion, ‘hah is kept free and open. 

The whole of the masonry works are constructed 
with bricks, made in the vicinity, stuccoed over. On 
the whole line of aqueduct the tops of the embank- 
ments are laid down on a slope of 1.5 ft. per mile, and 
the masonry revetments and other works appertaining 
thereto are adjusted to this particular i. The 
canal bed, however, is on a slope of 1.25 ft. per mile, so 
that above the up-stream end of the aqueduct, or at a 
distance of three miles from the Roorkee bridge, the 
esplanade is 2 in. higher than it is at Roorkee. 

The foundations of the aqueduct building, in addi- 
tion to the line of blocks mentioned above, have, both 
in front and rear of the floorings, curtains and aprons, 
consisting of frame boxes filled with heavy material, 
and covered with lines of piling. The flanks, both on 
the up and down stream side, have been protected by 
works of similar character, somewhat different in dis- 
position, but tending to protect the building from an 
injurious action from the current in its passage ee 
the waterways. 

In concluding these descriptive details of the works 
undertaken in constructing the Solani aqueduct, it 
must be noted that the bearing of the aqueduct across the 
valley from Muhewur to Roorkee being laid at acute 
angle with that of the bed of the river, the course of 
the river came in contact with the left abutment of the 
work. In order to bring the course of the torrent 
fairly and directly upon the waterways, it was necessary 
to get rid of the old bed, the inclination of which was 
towards the embankment, and obliquely upon. the 
piers of the aqueduct; a new course was, therefore, 
cut for the river. from a point in its original channel 
9070 ft. above the aqueduct, by which a curve taken 
by the stream was cut off, and its waters forced, b 
means of a series of embankments across the site of their 
old bed, into the new and direct channel. The inclina- 
tion of the natural river bed is 5.08 ft. per mile, but the 
new cut, being in a more direct and, therefore, shorter 
line, is on an increased declination of 6.737 ft. per mile. 

bos ges Crofton, in his recent report on the Ganges 
Canal, states, concerning the Solani aqueduct, that it 
has stood well, the state of the bed of the torrent 
above and below showing that the waterway under the 
aqueduct is just sufficient; there is no hole or retro- 
— of levels down stream, and little or no silt has 

en deposited except under the side arches, where a 
certain quantity would naturally be left on the sub- 
sidence of floods. The flooring of the canal channel 
above requires some waterproof covering; dripping 
still continues through the arches, though less than at 
first, the effect of which has been to loosen a consider- 
able surface of the outside plaster, and here and there 
bricks of an inferior description may be seen slowly de- 
composing from the same cause. 








ZINC, AND THE SOCIETE DE LA 
VIEILLE MONTAGNE. 

_ Sryce.the discovery that at a certain temperature 
zine is possessed of considerable ductility, and can 
with ease be reduced to the form of sheets or wires, it 
has been largely used in the constructive arts. Thus at 
the present time it is extensively employed for roofing, 
for sheathing ships, for tanks, and for many other pur- 





poses to which it could not be applied if it were not 
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capable of being formed into plates of slight thick- 
ness ; whilst it is also largely used for forming a pro- 
tective coating for iron by the process misnamed “ gal. 
vanising.” Zinc is never found native in a pure metallic 
state, but is always combined with other substances, 
principally oxygen, carbonic acid, silicic acid, and sul. 
hur. The principal ores from which it is obtained 
are the carbonate of zinc, or calamine, the silicate of 
zinc, or siliceous oxide of zinc, and the sulphuret of 
zine, or zincblende. The first of these ores is found 
in this country, in Somersetshire, Cumberland, and 
Derbyshire, and also in some parts of Scotland; on 
the Continent large quantities are worked in Belgium, 
at the mines belonging to the Société de la Vieille 
Montagne, to which we shall refer presently, and it is 
also obtained in Hungary, Silesia, and Westphalia. 
It also exists in America, in Siberia, in Mexico, and in 
China. The silicate of zinc is likewise a mineral which 
exists in large quantities, generally in the same neigh- 
bourhoods as the carbonate. The sulphuret of zinc 
also is plentiful.in many parts of Great Britain, as well 
as on the Continent and in the United States. It is 
very commonly found mixed with iron or copper pyrites 
or with the sulphur ores of lead, and frequently also 
with small quantities of cadmium. There is also a 
natural red oxide of zinc, sometimes called spartalite 
from its being plentifully found at Sparta, New Jersey, 
United States. The processes employed for obtaining 
zine from its ores are by no means complex. They 
consist principally of the preliminary crushing and 
washing of the ores, their calcination, and the distilla- 
tion of the metal ; and the manner in which these opera- 
tions are carried out will be described presently. 


By far the largest manufacturers of zine in all its 
various forms, are the well-known Société de la Vieille 
Montagne. This company, which employs altogether 
about 7000 workmen, has seven establishments in Bel- 
gium alone, viz. the principal works at Angleur, and 
those at Moresnet, Fléne, Liége, Valentin-Cogq, Tilf, 
and Welkenraedt. In France, also, it has two establish- 
ments, one at Asniéres and another at Bray, whilst in 
Germany it has works at Mulheim, Borbeck, and 
Oberhausen, besides mines at Mayence, Bensberg, 
Wiesloch, and Uckerath. The company also possesses 
extensive mines and works near Ammeberg, in Sweden. 
At the mines last mentioned there are two fine metal- 
liferous veins, the principal being known for a length 
of nearly 4000 yards, and its thickness varying from 
about 13 ft. to nearly 60 ft. It consists almost entirely 
of blende or the sulphuret of zinc, but at certain parts 
it is also rich in galena. There are three shafts sunk 
into the vein for a depth of about 160 ft., and the 
workings are drained by an adit, which discharges the 
water into a neighbouring small valley. A railway, 
about 74 miles in length, connects this mine with the 
works at Ammeberg, the ore being conveyed in wag- 

ns carrying about 10 tons each. At Ammeberg a 
fall of water, giving out from 200 to 500 horse-power, 
aecording to the season, drives turbines, by which are 
worked the machinery for crushing and dressing the 
ore, &c. The machinery at these works is capable of 
treating about 100 tons of crude ore per day, produ- 
cing from it about 50 tons of dressed ore, containing 
from 45 to 50 per cent. of pure metal. Ammeberg 
being situated upon the shores of Lake Wettern, the 
produce of the works can be loaded into vessels of about 
200 tons burthen, which convey it by canal to Gothen- 
burg, and thence by sea to Rotterdam. From Rotter- 
dam it is taken, vi@ the Meuse, to the Belgian, and 
vid the Rhine, to the German works of the company. 

At the Belgian mines of the Société at Moresnet, the 
ore obtained is the carbonate of zine, or calamine, and 
there are also found large quantities of the residue left 
very many years ago by those who first used the mine. 
By the improved methods at present adopted, this 
residue can now be profitably re-worked. A strong 
stream close to the workings enables the washing of 
the ore to be readily carried on, A fall of water of 
considerable height carries the fragments through a 
series of openings, and thus sorts them according to 
their size and weight. Boxes having a strong stream 
of water entering at the bottom are also employed ; the 
fragments placed in these are arranged by the action 
of the entering water in the order of their lightness, 
the light sand being found at the top, and the heavy 
sats ae particles at the bottom. These boxes 
are attended by women. The sand, which, as we have 
stated, forms the upper layer in the boxes just men- 
tioned, is subjected to further processes, by which the 
particles containing metal are separated still more 
completely from it. It is placed upon cloths, and sub- 
jected to a further washing, by which the lighter par- 
ticles are carried off, and, finally, these are placed 





upon large circular tables, each having a stream of 
water continually falling upon the centre, and thenec 
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distributing itself over its surface. By this stream of 
water the worthless particles are carried ‘away, while 
those containing metal, being heavier, remain on the 
table, and are brushed into receptacles. The residue 
from the old workings is obtained with little trouble, 
but the getting of the new ore necessitates the excava- 
tion of rock of great hardness. For cutting one 
gallery about 300 ft. in length, recourse has been had 
to boring machinery of the same class as employed at 
the Mont Cenis, the pumps for compressing the air 
being worked by a large water-wheel. 

The ore, after having been dressed, is subjected 
to calcination in order to separate from it a portion 
of its carbonic acid and the whole of its water. 
Two kinds of furnaces are employed for effecting this cal- 
cination—reverberatory furnaces and kilns, the former 
being used for the ore which is in small pieces, and. 
the latter for the larger fragments. In some places the 
kilns employed for calcining zinc ores resemble iron 
cupola furnaces, and are worked with a moderate 
blast. ‘The ore is mixed with coke’ or coal, and 
thrown into the mouth. of the farnace, whence it 
gradually finds its way down to the hotter parts, 
where the calcination 1s completed. «In other cases’ 
the kilns are worked without a blast, the heat being 
supplied by four fireplaces arranged around the throat 
of the kiln. From Moresnet,-the ore, after having 
been calcined, is taken by rail to the other works 
of the Société, where the reduction of the metal is 
effected, such as those at Angleur, Fléne, Liége, and 
Valentin-Cogq. 

The chief works of the Société are those at Angleur, 
which were founded in 1837. They are traversed 
by the Paris and Cologne Railway, whilst the Meuse, 
which flows close past them, furnishes a means of 
communication with various parts of Belgium and 
also with Prussia and Holland. The ore arriving at 
these works from the mines is crushed by vertical 
mills, and is then mixed in iron troughs with about 
half its weight of coal, also reduced to a fine powder, 
after which it is ready for charging into the reducing 
furnaces. The reducing furnaces are of two kinds— 
the Belgian and the Silesian furnaces—the former 
being by far the most extensively employed at An- 
gleur. The Belgian furnaces, which are placed in 
blocks of four communicating with a single central 
chimney, each consist of a fireplace at their lower 
part, above which and communicating with it is an 
arched chamber, in which the retorts containing the 
ore are placed. Each chamber contains, according 
to its size, from forty to eighty retorts, these latter being 
about 3 ft. 6 in. long by 6 in. in diameter inside, with a 
thickness of lin., and being made of very refractory 
fireclay. They are disposed in a series of horizontal 
rows, one above the other, and are inclined slightly 
downwards towards their front end, where they are 
each afterwards fitted with a short conical cast-iron 
pipe or mouthpiece. The front or breastwork of the 
furnace is strengthened by castings, which are in their 
turn protected from the violence of the fire by the 
brickwork. In starting a new furnace, it is heated to 
a dull-red heat for about three days ; the retorts, which 
have been heated in small separate furnaces, are then 
~ in their places, and the fire urged for about twelve 
ours, when the furnace is ready to be charged. 

The charging is effected by placing in each retort, 
with a long scoop or shovel, a dens of the mixture of 
powdered ore and coal dust already mentioned, after 
which the conical cast-iron mouthpieces are luted on, 
these having an opening at their outer end about 
24 in. in diameter. The fire is then urged, and soon 
carbonic acid gas is evolved from the retorts, and burns 
with its well-known blue flame at the nozzles of the 
mouthpieces. This is followed by a flame of a greenish- 
white colour, and by white fumes of oxide of zinc; a 
conical pipe of wrought iron, having but a small open- 
ing for the escape of the gas, is then fitted on each 
cast-iron mouthpiece, and the distillation of the metal 
continued. The metal, volatilised by the heat of the 
furnace, is condensed again in the cast-iron mouth- 
plece and in the wrought-iron pipe of each retort, 
whence it is removed by the workmen at intervals into 
iron ladles by which it is carried to the ingot moulds. 
The whole operation demands great care on the part 
of the workmen, so that the metal may be exposed as 
little as possible to the action of the air. The retorts 
are emptied and recharged as the mineral placed in them 
becomes exhausted ; those at the lower part of the 
chamber, being nearest the fire, receive the most heat, 
and, therefore, work off thé most quickly. 

_An the Silesian furnaces the general process of lis- 
tillation is the same as in those above described, but the 
means by which it is carried out are slightly different. 
A Silesian furnace consists of a rectangular chamber 


sides of this chamber are formed a series of arched 
openings, in; each of;which is placed a mufile about 
3ft. 3in. long, by 12in. high, and about 2 ft. 74 in. 
wide. The;arech or: dome forming the. roof of the 
chamber is constructed of a mixture of sand and fire- 
clay, and is about 9 in. thick ; if well made, it will last 
two or three years. Each muffle is furnished at its 
outer end with a fireclay door, into the upper part of 
which is fitted a pipe, the outer end of which is con- 
nected by an adapter, with a receiver formed in front 
of the furnace outside the muffles. The mixture,of 

and ore is charged into the muffles through. 
formed in the fireclay doors below the condensing pipes, 
and the distillation. goes on in the same manner as.in the 
Belgian furnaces, except that the liquid metal, instead 
of being allowed to collect in the pipes, is led into the 
receptacles above mentioned. In addition .to,.the 
Belgian and Silesian furnaces, there are at Angleur 
some furnaces in which the two systems are combined, 
the lower being used for muffles on the Silesian 
plan, and the upper parts for retorts. At Valentin-Coq, 
where the coal is found within the limits of the works, 
Silesian furnaces are -prinei used. The construc- 
tion of both the muflles and the retorts demands con- 
siderable care, and.at Angleur there is an important 
department where their manufacture is carried on. A 
number of the retorts are moulded by machinery, whilst 
the muflles are shaped by hand. 

The zine obtained by the process of distillation 
above described is run into the form of flat pigs of 
various sizes and degrees of purity. Of the metal in 
this form, about 25,000 tons are produced annually from 
the various furnaces of the Société, a part of this 
quantity being sold in the rough state, but the larger 
portion being rolled into plates, &c. Of the latter por- 
tion, about 10,000 tons are rolled at Angleur and Tilff, in 
Belgium, about 3000 tons at Oberhausen, in Germany, 
and the remainder at Bray-sur-l’Epte, in France. 

At Bray the site of the works has been chosen on ac- 
count of a fall of water which, except at the driest 
seasons, gives out sufficient power to work the rollin 
machinery. The fall drives a Poncelet’s water-wheel, 
20 ft. in diameter, besides three other wheels, the 
whole of the wheels being placed under a shed 
furnished with doors and. windows, which can be 
closed in frosty weather. A stone platform is also 
placed in the centre, between the wheels, and upon 
this large fires can be lighted when required, so 
as to prevent freezing. The metal is brought 
to Bray from Liége by the Northern Railway, and 
from Anvers and Rotterdam by sea and by the Western 
Railway. The coal is brought by the Seine, and is un- 
loaded at Roche-Guyon, Before being rolled, the pigs 
of zinc are remelted in order to remove some of the 
impurities. This remelting is conducted in large re- 
verberatory furnaces, each taking a charge of about 
2 tons of metal. The bed of each, furnace. slo 
downwards towards the side at which the metal is 
drawn off, this operation being performed through 
three openings provided with sluices. Three other 
openings are provided, through which the zinc is placed 
into the furnace to compensate for that drawn off, and 
through which an instrument is introduced at intervals 
for skimming the impurities from the surface of the 
liquid metal. The impurities thus removed are not 
thrown away, but about 50 per cent. of their weight of 
zinc is extracted from them by heating at the works at 
Bray, and the remainder is sent to Angleur to be sub- 
jected to the action of the reducing furnaces. At the 
lovest part of the bed of ‘the remelting furnace there 
is formed a cup or receptacle into which the lead or 
other heavy metals mixed with the crude zinc settle, 
and from which they can be removed mixed with a 
certain quantity of zinc. When it is desired. to sepa- 
rate the zinc from the lead, the mixture is remelted 
and poured into an ingot mould and allowed to cool ; 
the zinc then solidifies first, and’ by turning over the 
mould the lead can be poured off. _ The zinc purified 
by these means is more or less fitted for rolling accord- 
ing to the proportions of the metalloids it contains : 
thus zinc made from blende generally contains. a little 
sulphur, which renders it less malleable than zine ob- 
tained from calamine. 

From the melting furnace the zinc is run into ingot- 
moulds about 2 ft. 3in. long by 9 in. wide, and of a 
depth varying according to the thickness of the plates 
to be manufactured. About twenty.five..of these 
moulds are earried by a revolving plate, which pre- 
sents them one by one to the orifice from which the 
metal is run. The moulds are thus very quickly 
filled, and with great exactness. The slabs of zinc 
cast in the way just described are allowed to cool for 
about two hours, the time required being more or less 
according to the season. They are then taken to the 





with a domed roof, and heated by a central fire. On two 


4ft. long by 20 in. in diameter. The upper roll can 
be lowered by a screw, to increase the amount of com- 
pression exercised. After the plates have been passed 
a sufficient number of times through the rolls to brin 
them to the required size, they are dressed an 
squared by shears, and made up into packets of about 
2 ewt. each, the number ofyplates in each packet de- 
pending upon their thickness. These packets are put 
m cases placed upon the melting-furnaces, and are 
re-heated so as to bring them to the proper tempera- 
ture for fuether rolling... They are. then fken to the 
second set:of rolls and passed through them a sufficient 
number of times. to reduce them to the required thick- 
ness, the positions of: the plates ing each packet 
being occasionally c so-that those plates which 
were outside.may be in the centre, and so on. 
This is done to equalise, as far as possible, the exten- 
sion of the various plates forming the et, it being 
found that those near the centre more than the 
others. After rolling,the plates are again squared, and 
are. then examined, some.ofthe best’ being chosen for 
the use of the paper-makers. Many of the plates 
made at Bray are corrugated, the corrugation being 
effected by passing them between grooved 'folls. Four 
passages between the rolls are- a sufficient to 
complete the corrugation, the rollers being brought 
nearer together between each passage. 

At Bray also are made by machinery large quantities 
of zine nails, which are employed for attaching the 
sheathing to ships. The manufacture of these nails is 
commenced by rolling small bars of a width equal to 
the length of the nail. These bars are fed to the nail- 
making machines, which cut off from them a series of 
triangular pieces. Each piece so cut off falls into a 
mould, where it is held by a pair of jaws, and receives 
at its larger end the pressure of a small ram, which 
forms the head of the nail. The mould then turns 
over and drops the nail into a receptacle below, and 
again turns back to receive another fragment. Wire- 
making is conducted in a small workshop which is 
annexed to the principal works at Bray, and which 
utilises the power developed by another fall of the 
River Epte. For making wire, the zinc from the melt- 
ing-furnaces is run into closed ingot-moulds, so as to 
form bars, and these are then re-heated and passed 
through grooved rolls, which reduce them to about 
§in. in diameter. These bars are then taken to a 
drawing bench, and drawn down to wire of the fineness 
required. 

At Asniéres, in France, at Valentin-Coq, in Belgium, 
and at Mulheim, in Prussia, the Société de la Vieille 
Montagne carry on very extensively the manufacture 
of “zine white.” Zinc white, which is now largely 
used as a pigment, is really oxide of zinc, and consists 
ibeonianctely. of 80 per cent. of zinc, combined with 
20 per cent. of oxygen. Our a will not permit us 
here to enter into all the details of its manufacture, 
and we must, therefore, only give an outline of the 
process, as condueted at Asniéres. Oxide of zinc is 
always produced whenever zinc is sufficiently heated in 
contact with the air, and to effect this heating rever- 
beratory furnaces are used, each containing eight 
curcurbites arranged in two rows. An iron door, which 
serves for the introduction of the metal, is placed oppo- 
site the opening of each curcurbite, another sailor 
opening admitting the supply of air necessary for 
effecting the oxidation. bes of fire-clay lead the 
fumes of oxide of zinc from the curcurbites to a cooling 
arrangement in which it is collected, this cooling 
arrangement consisting partly of a series of iron 
tubes which first receive the heated oxide, and 
from which it passes into another series of similar 
tubes placed. outside the walls of the building in which 
the furnaces are contained, and partly of a series of 
large cooling-chambers into which it passes after 
leaving the tubes. “The current of hot air which 
accompanies the oxide finally passes into a chimney 
communicating with the last chamber. Hoppers or 
fannels communicating with the various parts of the 
cooling arrangement enable the oxide of zinc to be 
removed ; :those.in connexion with the chambers, where 
the oxide is cool, are provided with spouts of cloth 
similar to those of a flour-mill, and tied in the same 
manner. The “white” obtained is not all of equally 
good quality, some of it having a grey colour imparted 
to it the admixture of metallic or imperfectly 
oxidised fragments of zinc. ‘The various qualities are 
either sorted out or mixed together by experienced 
workmen, according to the kind required. At Asniéres 
it is found that the coal consumed im making oxide of 
zinc is equal to about 33 per cent. of the weight of the 
metal oxidised, and that about 1241b;of “zinc white ” 
are obtained from each 100 lb. of zine used, the addi- 
tional 241b., or about 20 per cent. of the total weight, 





first rolling-mill, which consists of a pair of rolls about 


being, of course, oxygen derived from the air. 
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PUBLISHER’S ANNOUNCEMENT. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.m.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under 
arfll eightpence for each additional line. Blocks are charged 


at the same rate for the space they occupy. Permanent 
advertisements are taken at special rates, which will be given, 
on application. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the charge 
is 2s. 6d. extra, subscriptions being payable in advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 


In consequence of the large and constant increase in the 
circulation of ENGINEERING, and the necessity of going to 
press at an earlier hour, it is impossible to guarantee the 
insertion of advertisements received after 5 o'clock p.m. on 
Thursday. 


ENGINEERING is registered for transmission abroad, 


Although a large number of extra copies of ENGINEERING 
have been printed weekly, the demand has been such that Nos. 
2 and 4 are already out of print, with the exception of the 
copies reserved for forly complete sets for binding. These 
volumes, it is expected, will be ready for delivery by the middle 
of July, and they will be sold each at one guinea, orders being 
filled in the order of their receipt. This, the first half-yearly 
volume of this journal, will contain a far greater amount of 
matter of permanent value than has ever appeared in any pro- 
fessional journal within twice the same period of time. It 
will conta 444 pages, with engravings of more than one hun- 
dred of the most important engineering subjects, including steam 
engines of nearly every description, bridges, aqueducts, docks, 
piers, roofs, railway plant, gasworks, iron furnaces, and 
machinery in great variety for working iron, engineers’ tools, 
turbines, engineering and philosophical instr ts, §c., G§e- 
The illustrations of marine, locomotive, pumping, blowing, 
and other forms of steam engines will be especially nume- 
rous, and represent the best practice, the engravings having 
in nearly every case been prepared from original drawings sup- 
plied by the makers. 

A considerable number of these volumes have been ordered 
since our announcement last week, and we uguin call the attention 
of those desiring to have them to the fact that orders will be 
filled in the order of their receipt. 
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THE NEW PUDDLING FURNACE. 


An invention which is likely to effect a vast saving 
in the manufacture of iron, and which will. greatly 
lessen, if it do not wholly prevent, the nuisance of 
smoke, is now in successful practice in the West 
Riding of Yorkshire. At the Milton Ironworks, not 
far from Barnsley, Mr. E. B. Wilson’s furnace has for 
the last eight or nine months been constantly at 
work, not only under steam boilers, but also as 
opened to mill-furnaces and to puddling; and one of 
the puddling furnaces there, although fired only with 
coal slack of the poorest description, and which, under 
a lease from the Earl of Fitzwilliam, is, we believe, 
got out and delivered at the pit’s mouth at 1s. only 
per ton; is now working admirably. We have timed 
this furnace, bringing out 24 cwt. charges in one-hour 
heats, and we can vouch for the clearness, intensity, 
and continuity of the flame, as well as for the almost 
total absence of smoke. Heretofore this slack has 
been practically worthless. A little of it had been 
wastetally burnt under the steam boilers, and some of 
it, coked in ovens, had béen mixed with the raw coal 
used in the blast furnaces. As slack, however, it 
could not be used at all in the puddling furnaces. It 
was so much loose and dusty powder, which would 
have run through the grate-bars Tike sea-sand, burning 
only with great difficulty, great waste, and with a 
great production of smoke. As many of our readers 
are aware, Mr. Wilson has for the last three years 
devoted himself incessantly to the improvement of 
furnaces, and he had long ago attained excellent results 
at Messrs. De Bergue’s, at Manchester, where, we 
believe, fifteen of his fires are at work for re-heating 
Scrap and rivet rods, as well as at the Blochairn and 
Gartness Ironworks, in the Glasgow district. It is, 
therefore, a substantial evidence of his success when 
we find his invention in established use for puddling, 
and when, furthermore, as we are informed by Mr. 
George Dawes, of the large firm of Messrs. W. H. and 


and Bromford Ironworks, all the puddling furnaces— 
seventy-one in all—at the two first-named works are 
to be immediately altered to Mr. Wilson’s plan. We 
may add that the castings for the furnace plates, &c., 
are already in hand, and it is probable that the entire 
chan be carried out within the present month. 
_ We give, on another , a section, from work- 
ing drawings, of the pu fling furnace now burning 
slack coal at the Milton Iron Works, near Elsecar. 
We have ourselves watched this furnace by the hour, 
and we can state that it maintains a full chamber of 
flame, that it produces hardly any smoke, and that the 
amount of refuse taken out is hardly one-twentieth 
that accumulated under ‘the bars of an ordinary pud- 
dling furnace in the same time. It is this very absence 
of refuse and of smoke that proves how effectively a 
kind of fuel, heretofore considered nearly worthless, is 
burnt. Smoke represents a direct waste of coal, and 
so do cinders and refuse, which, as taken from beneath 
ordi furnaces, contains a large proportion of un- 
burnt fuel. We were directing the removal of two 
days’ cinder or refuse, the whole of which did not fill 
one of the ordinary large barrows half full, when two 
or three wandering puddlers from Parkgate happened 
to pass by.’ “ Be that a puddl’n furniss ?” asked one. 
Being told that it was, he watched with much apparent 
interest the removal of the clinkers. “I say, Jack, 
there’s nowt comes out!” he remarked, when he saw 
the stoker scraping every inch of the fore pit for the 
last ounce of cinders to add to the half-barrow of refuse. 
Never had puddlers from Parkgate or elsewhere seen 
so little waste brought out after two days’ work, even 
with the best coals, to say nothing of slack, and the 
worst slack at that. The flame, too, is very steady. 
It is wholly unaffected by firing. The iron, instead of 
having alternate showers of flame and smoke over it, 
as in ordinary furnaces, lies during the whole stage of 
puddling, in a bath of gas at the highest temperature 
—a bath which, as the puddlers say, “nourishes the 
iron,” a nourishment which can be easily understood 
when we consider the amount of free oxygen passing 
over the iron in the course of the ordinary intermittent 
firing, during which the puddling-chamber is often 
filled with thick streams of smoke and of air. 

To utilise slack, as Mr. Wilson has at last done, is 
to add millions to the wealth of every coal-raising and 
iron-making country, and, more especially than to all 
others, to England. The improvement has already 
raised an alarm among the puddlers, and it is possible 
that before the week is over some hundreds of them 
may strike, albeit that their whole grievance is that the 
masters will save‘so much money and they will have 
none. ‘That the men can get out their heats in less 
time, and with less strain, we* have seen for ourselves, 
and we think they will soon perceive that the improve- 
ment is for their own interest, and in the event of that 
perception they will no doubt content themselves with 
grumbling. As it is, and while we write, a strike is 
impending at Messrs. Dawes, and we cannot say how 
it may turn out. 

But, apart from the details into which we have 
entered, we wish here to record, as the practical result 
of the working of a large iron-making firm, that the 
Wilson furnace has at last taken its place practically, 
and with a great saving, due to the use of slack as 
compared with coal, and to the almost complete sup- 
pression of smoke. Ironmasters will, of course, prefer 
to see for themselves, and we may add, therefore, that 
they will be welcome, at Milton, to judge from their 
own observation of the improvement which we have 
announced, 








SPECTRAL ANALYSIS AND THE 
BESSEMER PROCESS. 

Ir seems a strange coincidence that spectral analysis 
and the Bessemer process should have been brought 
into practice almost at the same moment. There are 
scarcely any two discoveries which, at the first thought, 
appear so strikingly related to each other, and which, 
from the nature of the principles they are based upon, 
should be supposed ‘o afford so great a mutual assist- 
ance in the progress and development of both. 

Spectral analysis is the distinction of the chemical 
elements of a substance by the colour of its flame. 
Yhis definition may appear somewhat rude to the 
scientific taste of many a learned philosopher, but it is 
plain and intelligible, and as nearly correct as many 
another. It has been known for centuries that rays of 
light, when passing through a transparent prism, are 
dispersed, and form the succession of rainbow colours 
known by the name of the spectrum. In modern times 
it has been discovered by Frauenhofer that the 





G. Dawes, of the Milton, Elsecar, Trent, Denby, 


ca is not continuous, but that there are certain 
black lines in it interrupting the i succession of 
the different rainbow colours. e position of these 
dark lines in the solar spectrum has been proved to be 
perfectly constant and unalterable, and they have 
necessitated the assumption that the sun’s light is not 
only composed of rays of very variable refrangibility, 
but that there are also a certain number of rays “ con- 
— by their absence” in the solar light, such 
absence of light on the precise spot in the solar 
spectrum being seen as a black line. 

* The study of the position of the lines of Frauen- 
hofer led to the comparison of the spectra produced 
by other luminous bodies with the solar spectrum, and 
it was soon discovered that the spectra of different in- 
candescent bodies were very different from each other 
and from that of the sun. In the year 1855, Messrs. 
Kirchhoff and Bunsen laid before the Berlin Academy 
the results of their first discoveries in that direction. 
They had found that certain chemical elements, when 
in an incandescent state, produced spectra with dis- 
tinct and peculiar bright lines in positions exactly cor- 
responding to the dark lines of the solar spectrum. 
Thus it was found that the presence of sodium in a 
flame, even in’ the most minute quantities, invariably 
produces a bright yellow line corresponding in position 
to a conspicuous black line in the yellow part of the 
solar spectrum. Potassium was found to produce a 
bright red and a purple line in the spectrum of a flame; 
Barium, a series of green lines ; lithium, a single red 
line ; iron, yellow and purple lines; and so for each 
metallic chemical element a series of bright lines has 
been discovered in the spectrum of its flame, so cha- 
racteristic and constant that the presence of this ele- 
ment may be instantaneously discovered by an obser- 
vation of the spectrum it produces in an incandescent 
state. 

In fact, there have been several new elements dis- 
covered in consequence of the spectra of certain bodies 
containing the same having shown bright lines in 
places which did not correspond with the lines of an 
other known element; for instance, cesium, rubi- 
dium, &c. 

This being the nature and character of spectral 
analysis, what is the entire practice of the Bessemer 
process, if not spectral analysis conducted with the 
unassisted instrument of the practised eye ? We watch 
the colour and nature of the sparks and incandescent 
gases which escape the mouth of the converter; we ob- 
serve the changes, and we know from the high autho- 
rity of Mr. Bessemer’s successful researches that a cer- 
tain appearance of sparks and gases corresponds to 
the combustion of silicon and of other impurities ; that 
a subsequent appearance of the brilliant flame indicates 
the burning of carbon, and that the successive decar- 
burisation of the iron is indicated in its stages by suc- 
cessive changes in the appearance of the flame. 
Considering this, nothing could seem more obvious 
than that the spectroscope, or the instrument by the 
aid of which spectral analysis is caried out, would be 
of the greatest service for the Bessemer process. It 
would replace the rude practice of the eye by a scien- 
tific instrument capable of the greatest nicety of ob- 
servation, it would lead to a closer investigation of the 
influence which certain impurities in the pig iron have 
upon the course of the Bessemer process and upon the 
nature and quality of the steel produced. It would 
lead also to such new discoveries and inventions as 
may be reasonably expected from the mutual influence 
of two so important discoveries both in a state of mere 
infancy and capable of the utmost development. 

All this did appear obvious, and consequently the 
spectroscope has made its appearance in several import- 
ant Bessemer steel works both in England and on the 
Continent. Some observations have been made in 
Sheffield, at the works of Messrs. Bessemer and Co. 
and John Brown and Co., some at Crewe ; more exten- 
sive trials were made in France, and at the Bochum 
Steel Works in Germany it is said that all Bessemer 
charges are watched by observing a spectrum of the 
flame produced ona large white surface. ‘To the great 
astonishment of all concerned, however, nothing useful 
has come from these observations up to the present 
moment. There is a natural disinclination on the part 
of those persons who have to conduct the charges in 
the Bessemer converters to meddle witha small delicate 
instrument, which would absorb all their attention, and 
prevent them from properly overlooking the total series 
of operations, all equally important, which constitute 
the Thasuner rocess. Nor is it reasonable to expect 
immediate results. The only thing likely to be seen at 
the first observation of the Bessemer flame with the 
spectroscope is the yellow line of sodium, which is 
present almost everywhere, and therefore shows 
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nothing, and the bright lines of iron, the presence of 
which it requires no spectroscope to discover. The 
spectrum of carbon seems to be continuous; at least, 
there are no characteristic lines known in it, as far as 
general knowledge goes. The successive decarburisa- 
tion will therefore not be capable of direet observation, 
but by an indirect one, since the iron lines will brighten 
in proportion as the continuous background fades. 
This will take place gradually, and it will certainly 
require a long-continued and extensive practice to 
enable an observer to draw conclusions on the precise 
state of the process and the manner of conducting it. 

What is wanted at the present moment is patience 
and perseverance. ‘The scientific analyst will have to 
enter the converting-house with the avowed conscious- 
ness of his present ignorance, and with no other pre- 
tence than to make observations for his own instruc- 
tion and the advancement of his science. Not till 
after some time and much labour have been spent is it 
to be expected that science, which now must learn from 
practice, will return to practice the services which it is 
now receiving; eventually, however, practice will not 
be the loser by the transaction. 








PORTABLE ENGINES. 

Can no one invent and, what is more, successfully 
make an improved portable engine—something very 
different from the old stock pattern of Lincoln, good in 
its generation, but upon which it is now time to make 
a decided advance ? The fifty or more portables at the 
Salisbury show were all very much alike ; they differed 
hardly as much, even in shape, as cattle and sheep and 
vigs may differ, and still retain their heads and bodies, 
in and tails, and all that makes them distinct and re- 
cognisable of their kind. Our agricultural engineers 
have been breeding in and in ever since those excellent 
makers, Clayton, Shuttleworth and Co., made their 
lucky hit, years ago, in introducing the familiar and 
favourite type of the railway locomotive upon the farm. 
So close has been the copying, ever since, that it takes 
old hands now to tell which engine is which, and, but 
for the name-plate, there are many portables which 
might be fathered upon any one of a dozen firms. We 
want an entirely new breed of engines, lighter, stronger, 
and more economical of fuel. A few years ago railway 
engines were worked at but 1001b. pressure, and 
portables at 30lb. Now the former are worked, in 
some cases, to as high as 160 |b., this being the regular 
pressure in the North London locomotives and in many 
of those on the Great Northern line. And traction 
engines, which may be said to have grown out of the 
portables, are worked at 1001b. It requires only good 
design, materials, and workmanship to render a pressure 
of 150 lb. equally safe and manageable upon the farm. 
There is no doubt as to its economy, and those who 
talk of the rough use of farm-engines and of unskilled 
farm-labourers should bear in mind that in the hands 
of a fool a boiler under only 30 Ib. pressure may be as 
dangerous, nevertheless, as a powder-mill, and that one 
worked at five times the pressure would not be more 
SO. 

The makers of portables might, perhaps, take a hint 
from the steam carriage made by iosere Carrett, Mar- 
shall and Co., of Leeds, for George Salt, Esq., of 
Saltaire, probably the most remarkable locomotive ever 
made, fren it did little good for itself as a steam 
carriage, and its owner at last made a present of it 
—much as an Eastern prince might send a friend a 
white elephant—to that enthusiastic amateur, Mr. 
Frederick Hodges, who christened it the Fly-by-night, 
and who did fly, and no mistake, through the Kentish 
villages, when most honest people were in their beds. 
Its enterprising proprietor was repeatedly pulled up 
and fined, and to this day his exploits are remembered 
against him by the class of engineers who are seeking, 
in the face of many obstacles, to introduce traction 
engines on common roads, and whose cause is scan- 
dalised, and whose doings are suspected, when steamers 
go shrieking madly at night through country towns. 
But the Fly-by-night was a good job, and deserved a 
worthier career. Its little boiler, worked at 150 Ib. 
pressure (and proved to 350 b.), was 24 ft. in diameter 
and but 5 ft. 3in. long over all Its firebox was 2 ft. 
long and 2 ft. 6 in. wide outside, the grate measuring 
20 in. by 26 in., and there were 58 solid drawn copper 
tubes, 24 in. in diameter and °} ft. long. It is wonder- 
ful how much steam the little thing would make. At 


fifteen miles an hour she roared at her tiny safety valves 
as if she would like to burst, but wouldn’t give way 
to her feelings. There were a pair of inside cylinders, 
6 in. bore and 8 in, stroke, the pistons driving a crank 
shaft geared in the proportion of 1 to 5 to the driving 
The driving wheels were 4 ft. 1} in. in diameter, 


axle. 


and thus made 407 revolutions-per mile, or 102 per 
minute at fifteen miles an hour, the crank shaft gomg 
510 turns at the same time, corresponding to 680 ft. 
of piston per minute. At this speed, the indicated 
power would be 14 horse power for each pound of 
mean effective pressure upon the pistons. We do not 
know what indicated horse power has been exerted, 
but taking the weight of the engine as 5. tons, and the 
resistance at 15 miles an hour as 100 |b. 3 ton, the 
work done would be 20 horse power. We believe, 
however, that the boiler was good for more than this, 
for all that it had but 3§ square feet of grate, 21 square 
feet of firebox and 95 square feet of tubes. ne 

Suppose 15 horse power be taken as the full indi- 
cated uty of a farm-engine, we shall not, with 150 Ib. 
steam, want two 6 in. cylinders, nor do farm-engines 
need two cylinders in any case. One of that size, and 
with a 9 in. stroke, and working at 300 revolutions per 
minute, would give off that power with 39 1b. mean 
effective cylinder pressure, and this would be easily 
had with such a boiler as we have described, the regu- 
lator being kept full open, and the steam cut off at one- 
sixth to one-eighth of the stroke. The high pressure 
and quick reciprocations would greatly favour econo- 
mieal expansive working, and with a 3 ft. fly-wheel a 
most uniform rate of motion would be had. ; 

Such an engine, designed by a first-class mechanic, 
might become the little wonder of the agricultural 
world. It would do all that the present engines can 
accomplish, yet a donkey might run off with it. In 
construction it should and might be simplicity itself. 
It might be readily made to burn slack, the ve 
cheapest fuel, yet all smoke might be prevented. - 
though we have referred to Mr. Salt’s carriage, it does 
not of course follow that the small ay gem engine 
need be costly. On the contrary, it should be produced 
for 150/. or so, or less than the present 8 horse port- 
ables, even since the reduction of price last spring. 

The best of the present portables are very far from 
perfection, and to one accustomed to the better results 
of steam-engine practice their consumption of coal 
and water is something frightful—from 6 lb. to 8 lb. 
of coal per horse power per hour, and sometimes 10 lb. 
The agricultural engineers know us too well to take it 
in ill part when we say of them, what they know of 
themselves, that, as a class, they are not the most con- 
summate mechanics which this century has produced. 
There may be, here and there among them, one who 
could do justice to the class of work we have sketched 
out; but it will need new blood to effect a radical 
change ; and it will need capital and pluck besides. 
Farmers are not moved in a hurry, although they do 
find out, with no very great delay, most improvements 
of real value brought before them. 








GUNS IN GUN-PITS. 


At a meeting held at the Royal United Service Insti- 
tution, on Monday last, a paper was read by Captain A. 
Moncrieff, of the Edinburgh Militia Artillery, “Ona 
Method of Mounting Guns with Counter-weights, of 
using them in Gun-pits, and of laying them with 
Reflecting Sights.” The title of Captain Moncrieff’s 
ag explains pretty clearly the system which he 
ably advocates, viz., that of placing guns in pits sunk 
beneath the level of the ground, raising them above 
the ground-level to be pointed and fired, and lowering 
them again into the pits to be re-charged. At first 
sight it would perhaps appear that, in the case of 
heavy guns, this raising and lowering would necessitate 
the employment of complex machinery; but, by the 
judicious application of counter-weights, Captain Mon- 
crieff has managed to solve the problem in a simple 
and practical manner. His gun-carriage, which in- 
cludes the lifting apparatus, consists of two parts, the 
gun-carriage proper and a lower platform, which 
rests upon the ordinary pivots and racers. His gun- 
carriage proper is, like one of the ordinary kind, com- 
posed of two cheeks or sides, provided with bearings 
for the trunnions of the gun. At the front end of this 
carriage is fixed an axle, the ends of which rest in 
bearings fixed to the periphery of a pair of wheels or 
rockers running upon rails fixed to the lower platform, 
these rails having a number of conical pins or teeth 
projecting from them, which take into pee ag | 
10les formed in the tyres of the wheels or rockers, an 
thus prevent the slipping of the latter. At another 
point in the periphery of theewheels or rockers, dia- 
metrically opposite to that at which the bearings for 
the carriage-axle are fixed, is attached a counter- 
weight, either of the same weight as the gun and car- 
riage, or heavier or lighter, according to considerations 
which will be explained presently. The hinder part or 


In a model exhibited on Monday evening it was car- 
ried by an extension of the train ‘itself, which passed 
over rollers at the after part-of the lower platform 
and was furnished with racks gearing into pinions, by 
which the gun could be run up or down. In a large 
i , used at the same meeting to explain a modifi- 
cation of the arrangement, the train oF the carriage 
was shown supported by a — of links or levers hinged 
to it and to the lower platform. The action of the 
apparatus is as follows: Let us suppose that the gun 
is in its lowest position, and the counter-weight, con- 
sequently, in its highest position, the wheels or rockers 
of the carriage being, under these circumstances, rolled 
back towards the after end of the lower platform, and 
the gun being held in its position by a catch provided 
to retain it ; and let us further suppose that the weight 
of the counter-weight is slightly in excess of the weight 
of the loaded gun and carriage. Then, when the 
catch is released, the counter-weight will fall, and the 
gun and carriage consequently be raised and at the 
same time rolled forward upon the rails of the lower 
platform, the axle of the carriage, when the rockers 
are circular or portions of circles, describing a 
cycloidal curve. After the gun is thus raised suffi- 
ciently high to clear the sides of the pit within which 
it is placed, it can be trained by an arrangement of 
reflecting sights, which will be explained presently ; 
and, upon its being fired, the recoil will be sufficient 
to raise the counter-weight and restore the gun to its 
original position ready for re-charging. It will thus 
be seen that in the course of regular working gearing 
would not be required for raising or lowering a gun 
having a slightly preponderating counter-weight, but 
it would nevertheless be necessary to provide this 
gearing in order to give the power of hauling down 
the gun without firing, or for other purposes. The 
gearing should, however, be of the simplest kind. 

We have said that the bearings of the axle of the 
gun-carriage and the counterweight were attached to 
the rockers at diametrically opposite points. When 
the gun is in its highest position, the diameter joining 
these two points is vertical, and, consequently, when 
the recoil takes place a very slow vertical move- 
ment is at first imparted to the counterweight, and 
thus all shock is avoided. In order to oppose a 
gradually increasing resistance to the recoil, the rockers 
may either be made of such a shape that the leverage 
at which the counter-weight acts gradually increases 
as they roll towards the after end of the ptherm, or 
if circular rockers are employed, the rails upon which 
they run may be curved upwards at their after end. 
In Captain Moncrieff’s model (which represents an 
ordinary 95 cwt. gun to a scale, we believe, of one-sixth) 
the first-mentioned plan has been adopted, and has 
been found to answer exceedingly well, completely 
taking up the force of the recoil without shock, 
even when the pm was fired with comparatively 
heavy charges. In explaining the working of the 
gun, we supposed that the weight of the counter- 
weight slightly exceeded that of the carriage and 
loaded gun; this condition, although probably the 
most favourable for rapid working, is however not 
essential. A counter-weight may be used which will 
only just balance the gun and carriage, or even one of 
less weight may be employed—manual power, exerted 
through gearing, being used to make up the force 
necessary to work the gun. 

Guns, mounted on carriages such as we have de- 
scribed, are proposed, by Captain Moncrieff, to be 
placed in pits sunk beneath the surface of the ground, 
the diameter of each pit being approximately equal to 
twice the length of the gun contained in it, and the 
depth being sufficient to afford effectual protection to 
the gun, when down, and to the men employed in 
working it. Thus, for an ordinary 95 ewt. gun, the 
pit would require to be ahout 20 ft. in diameter and 
10 ft. deep. One of the advantages of Captain Mon- 
crieff’s system is, that, where space is valuable, the pits 
containing the guns can be placed one behind the other, 
the guns belonging to the pits in the rear being fired 
over the foremost pits during the time that the guns 
belonging to the latter are lowered for charging. The 
pits afford perfect protection to the men engaged in 
working the guns, except from vertical fire, and, there 
being no parapets or embrasures, the guns can be 
trained in any direction. 

As the gun is of course raised above the level of the 
pit in order to be fired, its training, if conducted in the 
ordinary way, would necessitate the exposure to fire of 
the man taking aim. To obviate this, Captain Mon- 
crieff proposes the use of a system of reflecting sights, 
which we shall now describe. The fore sight is fixed 
to the under side of the muzzle of the gun; and the back 





train of the carriage may be sustained in several ways. 








sight, which is made very long, an furnished with a 
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slide, also depends from the under side of the gun, but 
near the trunnions. Near the breech of the gun is 
fixed an inclined mirror, so placed that “ No. 1,” who 
has to lay the gun, can see the fore sight in it when he 
is standing in the pit with his back towards the muzzle 
of the gun, and looking through the back sight. The 
screw for elevating or depressing the breech of the gun 
is proposed to be connected by suitable gearing with a 
handle conveniently placed for the use of the man lay- 
ing the gun, who, by means of the reflecting sights, 
can take aim without being in the least exposed. The 
mirrors are proposed to be fixed to the guns by three 
screws in such a manner that they can be easily re- 
placed without loss of time in case of accident. 

The counterweights, which Captain Moncrieff pro- 
poses to use with his arrangement, may either be specially 
made weights of cast iron or other heavy material, or, as 
will generally be most convenient, they may each consist 
of a species of iron basket, in which may be placed spent 
or spare shot, stones, or any other heavy matters that can 
conveniently be obtained in the neighbourhood ’in 
which the guns are placed. The system of thounting 
guns with counterweights is of course best adapt: 
for employment in cases when the guns are permanently 
placed in position, as for instance in batteries for coast 
defence; in order, however, to adapt it to moving 
artillery, Captain Moncrieff proposes In some case¥ to 
employ rockers, which are in reality wheels, and, 
when the gun to which they belong is to be removed, 
to transfer the axle of the carriage from the bearings 
on the peripheries of the rockers to their centre, and, 
by removing the former bearings and counterweight, 
thus form a carriage on wheels. The train of the 
carriage, with the counterweight (which in such a 
case would of course be of the basket form above 
alluded to), bearings, &c., would be carried on a 
limber in the ordinary way. 

From what we have already said it will be seen that 
Captain Moncrieff proposes to utilise the force de- 
veloped during the recoil of the gun in raising a 
counterweight, which can afterwards by its descent 
raise the gun into a proper position for firing. Why 
not go a step further, and make the recoil of the gun 
raise the shot to the muzzle, so that it is ina convenient 
position for loading? We noticed that, both in the 
model and diagram of Captain Moncrieff’s carriage 
exhibited on Monday evening, the counterweight rose 
when the gun was down into such a position that its 
top was just in front of, but slightly below, the muzzle 
of the gun; and if, therefore, the top of the counter- 
weight was provided with a suitable receptacle in which 
the shot could be placed whilst the gun was being 
trained (and when, consequently, the counterweight is 
near the bottom of the pit), this shot would, when the 
recoil took place, be raised to the muzzle of the gun 
ready for loading. This would, in the case of large 
guns especially, save a considerable amount of labour ; 
and although it would not allow the lifting gear at pre- 
sent necessary to be entirely dispensed with, it would 
cause it to be but seldom used. In carrying out this 
plan the curve at the after end of the rails upon which the 
rockers run, or the shape of the rockers themselves, 
would have to be modified to compensate for the 
increase in the weight of the counter-weight caused by 
the shot being placed upon it. We may mention here 
that the position assumed when “down” by a gun 
mounted on Captain Moncrieff’s system is very 
favourable for ready loading, the breech being lower 
than the muzzle. 

Captain Moncrieff’s system of mounting and working 
guns was first proposed by him about eight years ago, 
and last year it was examined by the Ordnance Select 
Committee. That committee, however, reported un- 
favourably on it, and refused to experiment with it on 
the score that it was too complex, that it did not 
afford complete protection to the men, that it was too 
heavy, and that it was too expensive. Comparing it, 
however, with the various plans which are now being 
used for mounting guns, it seems difficult to agree 
with these objections; and, bearing in mind the im- 
portance of the results which it is designed to attain, 
we trust that at some future time Captain Moncrieff 
may obtain a trial of his system on a scale which will 
effectually test it. 








Barrow-1n-FuRNEsS.—But a few years—a very few years— 
ago there was hardly a house at Barrow. Now there is a popu- 
lation of 12,000, and there are long streets of -well-built brick 
houses—above the ordinary class in such towns—and there is. a 
town-hall, and a market-place, and churches, and all the sur- 
roundings of an important and rising community. There are 
ten, furnaces in blast, making the extraordinary tap of 4500 tons 
of hematite pigs weekly, and it is intended to erect ten more. 
We have, in a previous number, noticed the great Bessemer steel 
works and rolling-mills, and these are expected to become the 


MILTON AND ELSECAR IRONWORKS. 


“Tw that pleasant district: of merry England wa- 
“ tered by the river Don, there extended, in ancient 
“times, a large forest, covering the ter part of 
* the Leautiful hills and valleys which lie between 
“ Sheffield and the pleasant town of Doncaster. The 
“ remains of this extensive wood are still to be seen 
“ at-the noble seats of Wentworth, of Wharncliffe 
“ Park, and ‘around. Rotherham. Here haunted of 
“yore the fabulous dragon of Wantley, here were 
“fought many of the most desperate battles during 
“ the civil wars of the: Roses, and here also flourished, 
“in ancient times, those bands of gallant outlaws 
“whose deeds have been rendered so popular in 
* Pnglish song.” 

It is thus that Sir Walter Scott. opens the beautiful 
historical roman¢e ‘of “ Ivanhoe,” ly; sq with so 
many remarkable characters—Richard Cour de Leon, 
Athelstane of Goningsburgh, Front de Beuf of Tor- 

ilstone, Cedric of «Retherwood, Friar Tuck, and 
Rabesie, the Jewess of York. » 

The whelé distriet ii which. the story of “ Ivanhoe” 
centres is stilhdmong the most. picturesque in England, 
although the strong castle of Coningsburgh has 
crumbled for centuries into the grey ruin of Conisboro’, 
and Rotherwood lias beeome: the smoky and noisy 
town of Rotherham. »Dhere aré still the same grand old 
hills whichfill so much of the country between 
Sheffield aad“Barnsley,’now rising in far-reaching 
sweeps of ‘meadows, ‘again crowned with deep 
forests, and here‘and’there, as‘at the Wharncliffe Crags, 
breaking into + towers-and battlements of primeval 
rock, There is: Hood Hill, still bearing \the.name-of, 
the famous outlaw ‘of: Sherwood Forest; there is the 
magnificent domain of Wentworth, the | seat of the 
Karl of Fitzwilliam; there are. Stainborough Castle, 
Tankersley, ‘the ancient home: of; the Rockinghams,, 
whence th¢'Earkof Strafford was taken to London 
to be tried and beheaded, and Wortley, the fine 
estate of Lord Wharncliffe. ab 

At Skiar Spring, near Elsecar, the Barnsley:thiek’ 
coal crops out, and an abundanee of ironstone lies 
close at hand. ‘It is:perhaps sixty'years sinceé’a blast-: 
furnace was started here by the Walkers, then known 
as the Kings iof Rotherham, great men as they were: 
in their day, and rich. In compliment to the Marl of 
Fitzwilliam’s eldest son, Lord Milton—and the whole 
property is upon the Fitzwilliam. estate—the furnace 
and its appendanges were named the Milton Ironworks. 
The coal; the Barnsley thick bed,'9 ft. thick and carry- 
ing 10,000 tons to the acre, is practically inexhaustible, 
and the iron is of superior quality. » After a time 


“ 


and fitting-shops soon followed. For some years the 
works have been the property of the Messrs. Dawes, 
by whom they are now carried on. The product of 
the two furnaces, say 300 tons a week, is turned into 
plates, rods, and castings, and sent down an inclined 
plane (for the Milton Ironworks are upon the side of 
a hill) to Elsecar. There are twenty-seven puddling 
furnaces, of which a number are upon Mr. Wilson’s 
plan, as described in another column, and the others 
are to be immediately altered. It is reasonably ex- 
pected that the works will soon be a free 
from smoke, for the new furnaces are almost smoke- 
less, and indeed for most of the time they are abso- 
lutely so, even when burning the finest and dirtiest 
slack. At present the smoke from the old furnaces is 
a sad blemish to the beautiful country about the works. 
At Skiar Spring colliery, Mr. Nasmyth some years ago 
put up one of his large ventilating fans, 15 ft. in dia- 
meter, and driven by a direct-acting engine on the fan 
spindle, at about 80 revolutions per minute. ‘The ac- 
tion of this fan has been found to give excellent venti- 
lation in all parts of the workings, and from the simpli- 
city of the driving engine the interruptions for repairs 
are very rare, 
At Elsecar, below Milton, are four blast-furnaces, 
turning out each about 150 tons weekly. The gas is 
taken off to heat the blast, as also the boilers of the 
blowing engine. There are forty-four puddling fur- 
naces. The rolling-mill has one of the finest trains of 
plate rolls in ‘the kingdom, and made at. Elsecar, as 
were also the first large rolls employed by Messrs. 
John Brown and @o., at Sheffield, for rolling armour 
plates. ‘These rolls are reversible at each pass, and the 
late, except in the finishing rolls, is rolled in both 
anions instead of being lifted over at each pass. 
The Elsecar works produce large quantities of plates 
and rails. 
The iron is taken away from the works partly upon 
the canal of the Darn and Dove Navigation, and: for 
the rest by a branch of the South Yorkshire Railway. 


another furnace ‘was: built, and forges, ‘rolling-mills, b 


the leading iron districts of England, while, under a 
very favourable lease from the Earl of Fitzwilliam, the 
and ironstone are got at extremely low prices ; so 
that, on the whole, and taking the good quality of the 
iron into account, the works compete successfully with 
those of other districts, and.are always in full work. 
Besides the Milton and Elsecar works, the Messrs. 
Dawes have four blast-furnaces at Denby, in Derby- 
shire, three, at Trent, in Lincolnshire, and two at 
Bromford, in the South Staffordshire district. There 
are thus fifteen in all. 





THE NEW HOME OF THE INSTITUTION. 
NorwirustaNnpDine ‘the influential support already 
iven to the movement in favour of better accommo- 
tion for the Institution of Civil Engineers, it was 
found necessary to adjourn the meeting, on Tuesda 
last, without taking any action. A vigorous opposi- 
tion has been made by a few members, although we 
cannot for one moment doubt that this will at last give 


way. 

tt is soposed to patch up the present house, from 
which the Institution may be ejected at almost any 
moment, and various objections are made to the pro- 
posed new building. ‘The Institution, under its present 
charter, could not hold property of a greater annual 
annual value than 1000/., but this limitation could, of 
course, be easily extended by a further Act. It is 
urged that 66,000/. will not suffice to complete and 
furnish the intended house, and that the Institution 
would be crippled for years. There is, too, we fear, 
papa ee Jealousy, —— of . 7 — 
 feeling,..¢ bed al .whoshave alrea 
promised so a ag ha said that in ‘ee Institution 
all the members and associates are equal, that were 
there to be a division of the present property it would 
be equally divided among al, and that therefore the 
subserip for thé new house shouldbe the same 
for all. This, ‘of course, is.no argument, and as the 
subscription, would have to be adjusted. to the means 
of the pooréstmember, the st ecessary for the 
purpose could never be obtained. Why, we may 
ask, may not any one, in his lifetime, give to the In- 
stitution that which would be so willingly accepted as 
a bequest at his death? It isto be deeply. regretted 
that, et mapa men in: the profession have 
so unmistakgbly stamped with their approval the 
moyement on foot, there should be a want t unanimity 
among the general body. If this opposition should 
preyent the work from going forward, the Institution, 
as such, will suffer.a loss of 25,000/., this sum havin 
been promised towards the new freehold site | 
ding, and which would represent whatever money 
was expended upon it. We should suppose every 
member would be ashamed to prevent the Institution 
from receiving this gift, and which would probably 
rise to 30,000/. or 35,000/. if the movement went on, 
and the more so because it is the distinct wish of 
the donors that it should be accepted and converted 
to the permanent and beneficial use of the whole body. 
A further meeting will doubtless be called at an seal 
day, when we trust that the munificent gifts of so 
many of the, best friends of the Institution may be 
unanimously accepted. The profession will never 
remain satisfied with the present inconvenient quarters. 








SranpArD WEIGHTs AND Mzasurrs.—By a Bill now before 
the House of Commons, the imperial standards of length and of 
weight, and the secondary standards of weights and measures, 
which have been’ in the custody of the Controller-General of 
the Exchequer, are transferred to the Board of Trade; and by 


that Board the three Parliamentary copies of the imperial 
standards deposited at the Mint, with the Royal Society, and in 
Greenwich Observatory, are to be compared with the imperial 


standards once in every ten years; and the secondary (now to 
be called the Board of Trade) standards of length and weight are 
to be so compared once in every five years, and adjusted or re- 
newed, if requisite. The Queen in Council may define the 
amountof error to be tolerated in other secondary standards of 
length, weight, and capacity, when compared with the Board of 
Trade standards. - The custody of the standard trial pieces of 
gold, silver, and copper is transferred to the Treastiry. 
- Great Buasr Furnacrs.—Messrs. Dawes, of the Milton 
Ironworks, are erecting for the Ferryhill and Rosedale Iron 
company two blast furnaces of the unprecedented dimensions 
of 27 ft. diameter of boshes, and™02 ft: high 
THe ‘HotperNess EMBANKMENT AND Ritci.AMATION.— 
The Bill for this improvement: passed its second reading in the 
House of Commons only by a division of 94 to 86. Mr. Norwood 
put the case against the Bill as follows: “ Its oters sought 
wers to enclose some 4000 acres of the foreshore of the river 
umber, by’means ‘of a large stone wall. At high water the 
foreshore it was proposed to enclose formed a safe fishing-ground 
for small craft, and on that account it was unadvisable to enclose 
it; moreover, it was very certain that the wall would form an 
obstruction to ships making for the port.” The scheme has 
been reported against by the Board of ‘Irade, Several members 
supported the Bill, however, on the ground that it would gain a 








largest of their kind in the world. 





The facilities for carriage are nearly equal to those of 





large tract of land to the country, and that it would improve 
rather than injure the navigation. 
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SHANKS AND 


On the pa page and on page 380 are engravings of a 
hydraulic forging press, now in course of erection at Messrs. 
Platt Brothers, in Oldham. The principle and construction of 
this press is that patented by Messrs. A. Shanks and F. Kohn, 
of 6, Robert-street, Adelphi, in 1862. This machine is intended 
for squeezing an Iding articles of iron, and icularly of 
Bessemer steel, into moulds, and thereby producing forgings of 
an irregular or intricate shape at considerably less expense and 
with less trouble than is now attendant upon forging into moulds 
under the steam hammer. 

The principal difficulty in forging between dies consists in 
the liability of the dies to be broken by the blows of the ham- 
mer; in fact, the quantity of broken and spoilt dies is one of 
the —— items in the cost of production of many forged 
articles, and it has prevented the manufacture of many details 
of machinery from wrought iron or steel which otherwise would 
have been the most suitable material for the purpose. The ap- 
plication of hydraulic pressure for the purpose of forging pre- 
vents the breakage of dies, and thereby overcomes one of the most 
material difficulties in forging. There are many other applica- 
tions for which the press is superior to the hammer in the manu- 
facture and working of iron, and particularly of steel; but these 
require no detailed enumeration. One of the most important 
points with large forging presses is their considerably lower cost 
as compared with heavy hammers, which, for anvils and foun- 
dations, sometimes require hundreds of tons of iron. 

The action of the press represented in the drawings consists 
in first bringing down the ram of the hydraulic press (which 
carries the hammer or upper mould) by a direct water pressure 
given by water taken from the waterworks pipes at a pressure 
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KOHN’S HYDRAULIC FORGING PRESS. 
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of 50 to GO lb, per square inch, This causes the upper mould 
to come in contact with the article placed upon the anvil or the 
lower mould without loss of time. For exerting the great 
pressure required for squeezing, steam is admitted into the large 
single-acting cylinder, the piston of which carries a packed rod 
acting as a hydraulic plunger, and forcing an additional quan- 
tity of water into the press. 

When the operation of squeezing is completed, the ram is 
raised simply by allowing the steam to escape from the cylinder, 
when the steam-piston and plunger sink by their own weight, 
and the main ram of the hydraulic press is lifted by the direct 
water pressure constantly maintained in the annular space 
under the shoulder of theram. By shutting off the supply from 
the main pipe, the press can be worked by steam only, and then 
acts as a cogging machine of a distinct and definite stroke. 

There is a second hydraulic cylinder under the anvil of the 
press, which is used for removing the finished articles from the 
dies, and for other purposes arising from occasional wants. Its 
water inlet and gearing is independent of that of the — ram, 
and has been omitted in the drawing. The power for which 
this press is intended is a total pressure of 500 tons, which re- 
quires a steam pressure of about 25 lb. per square inch, and a 
hydraulic pressure in the square inch of the ram and cylinder of 
8 tons per square inch, 

This is supposed to be the first forging press in erection in Eng- 
land, although there may have been some attempts at hydraulic 
forging presses made at, what used to be, Messrs. Fox and Hen- 
derson’s works some time since. 

Sir Charles Fox patented a hydraulic press for forging in 1847. 
He described the whole process and machinery very elaborately 
in his specifications 11,598, 24 February, 1847, “ Welding and 
uniting pieces of metal together, pressing or forming pieces of 
metal into forms or shapes ; and 11,622, 15 March, 1847, “* Con- 
struction of presses.” The next patentees of presses for forging 
are Mr. Dubs, now of - Yo. 21.6, 13 September 13853, 
Mr. Bessemer in 1860, Mr. Haswell in 1861, are other pre- 
decessors of Messrs, Shanks and Kohn as inventors of different 
kinds of forging presses. Patents for other modifications have 
since been taken out by Mr. E. B. Wilson, Mr. Bessemer, Messrs. 
Wilson and Imray, and others. 


CoaL UNDER THE Permian Rocks.—Mr. John Dawes is 
sinking a shaft of about 300 yards through the Permian rocks, 
at a point near Hale’s Owen. It is expected that coal will be 
soon reached. 
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Ivory AND THE CuTLERY TRADE.—The number of elephant 
| that must be destroyed annually to meet the demand for ivory 


| is absolutely enormous. It is stated on good authority that the 
| cutlery establishments of Sheffield alone consume annually the 
| ivory which is supplied by slaying more than 20,000 elephants, 
and every country must also have its supply. The other sources 
from which ivory is obtained, the walrus, the narwhal, &c., 
afford but an insignificant itemia the supply; and as no other 
substance has been discovered or invented which can take its 
place, and as the demand is constantly increasing from year to 
year, it would seem that the race of elephants may before long 
become extinct. The best ivory known is that which comes 
from Africa, for though it is not so white as that furnished by 
the Asiatic elephants, it preserves its colour best, is most trans- 

arent, freest from cracks, and receives the highest polish. 
This is owing to the fact that the African i contains about 
equal parts of animal and earthy matter, while in the Asiatic 
the proportion of earthy matter is greater. One great source 
of the supply of ivory in Russia and the northern countries of 
Europe is the tusks of extinct species of elephants and mam- 
moths, which are found on the banks of the rivers of Northern 
Siberia in a remarkable state of preservation. In very cold 
countries ivory of fossil elephants is preserved for ages. In our 
own country the fossil remains occasionally dug up are dry and 
brittle, but boiling in a solution of gelatine will supply the want 
of the original albuminous matter. So, on the other hand, by 
dissolving a portion of the earthy matter, which is one of the 
principal ingredients, ivory retains its tenacity, but becomes 
exceedingly flexible. It is thus prepared for making surgical 
instruments. What will supply the place of ivory when the race 
of elephants is destroyed we cannot tell, but ingenuity is already 
at work to furnish a substitute, and is stimulated by the offer of 
large rewards. A short time since a reward of 5000 dollars was 
offered in this country by parties interested in the manufacture 
of billiard balls for a substance possessing the same qualities in 
about the saine proportions. Its elasticity adapts it to this pur- 
pose, but as ivory is affected by dampness and expands un- 
equally according to the grain, it is found that the balls do not 
retain their perfect sphericity in all states of the atmosphere. 
For this reason, and on account of its increasing scarcity, some 
other substance is in demand. Vegetable ivory, so called, is 
used in making many articles, but it is of comparative little value 
There seems to be more hope that the requisite material will be 
obtained from some compound of india-rubber or gutta-percha 
than from any other source.—New York Journal of Commerce. 
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IroncLap Sutps.—In reply to a question put by Mr. Laird 
in the House of Commons, the other evening, Mr. T. G. Baring 
said ‘‘Her Majesty’s Government are ‘aware that there are 
several ironclads belonging to foreign Governments on the Pacific 
and North American stations,’ and that some of those vessels 
carry cast-iron guns which throw very heavy shot. With re- 
_— to the future movement of her Majesty’s armour-plated 
ships I must beg to be allowed to say that they must be deter- 
mined from time to time by the Executive Government. I may 
mention, however, that the Favourite has been sent on an ex- 
perimental trip to the North American station. Twelve-ton 
guus have not yet been placed on board any armour-plated ships. 
They have been found to work well as broadside guns, have been 
adopted into the service, and will be supplied to some armour- 
plated ships as soon as the carriages are ready. The alterations 
of the Scorpion are being carried on precisely as all work is car- 
ried on which is not urgently required. They have only been 
interrupted by pressing demands on account of ships wanted 
for service, but I am afraid they are not likely to be completed 
for some considerable time.” 

Tue Sream PLoves Works, Leeps.—The steam plough 
works established by the late Mr. John Fower, of Leeds, are now 
extensively prema | in the construction of railway locomotives. 
We believe about fifty arein hand. Among them are three large 
coupled passenger engines for the Great Northern Railway, 
others for the London, Chatham, and Dover line, besides engines 
for Ireland and for Mexico. 

Tue Inpian TeLeGraru.—The managers of the Malta and 
Alexandria Telegraph announce that messages for Egypt are 
frequently forwarded by the foreign telegraph authorities, vid 
Constantinople, thus occupying in transit from four to five days, 
and the public are recommended to insert after the receiver's 
address the words “ via Malta,” in order to ensure the transmis- 
sion of their telegrains by the direct route. Messages for India 
can also be forwarded via Malta, Syria, and the Persian Gult 
Telegraph, by which an alternate route is obtained, with greatly 
increased speed in transmission. 

Sree. Rars.—In consequence of being made too hard, 
several steel rails have broken lately. It is imprudent to attempt 
to obtain great durability by making over hard steel. In the 
cases to which we refer, the engine weights were very heavy. 

Tue Granp Junction CANAL.—The survey of the line and 
works of this canal, with reference to its conversion into a great 
mineral railway from Birmingham to London, isin progress, and 
will be completed in about a month. 















June 8, 1866.] 





ENGINEERING. 








DAVEY’S GAS-WASHER. 


WE show in the accompanying illustrations an arrangement of 
eo invented by Mr. William Davey, of the Imperial 
‘ar Works, Hackney Wick, and which has now been in operation 
for some months at the works of the Western Gas Light 
Company at Kensal-green. At the above works two of the 
cylinders, shown in the illustration, are employed, the gas being 
first through the one and then through the other ; the 
number of cylinders used, however, may be increased, in some 
cases, to three or more with advantage. The cylinders form- 
ing the washer are each 10 ft. Odin. in diameter inside, by 
about 8 ft. high, and are made of cast-iron plates joined together 
by flanges, as shown in our engravings. The cylinders are 
closed at top and bottom, and from the centre of the top of 
each there descends for a distance of 3ft. 6in. a conical 
casting, having an inside diameter of 2 ft. 9in. at its upper 
and 5ft. at its lower end. This conical casting is provided 
with an outside flange at its lower end, and upon this flange 
and an angle-iron ring placed, at the same level, around the 
inside of the outer cylinder there rests an annular grating 
upon which is placed a layer of pebbles. The cylinders are 
filled, up to about an inch above the level of the lower edge of 
the conical casting, with water or ammoniacal liquor, the supply 
entering the one cylinder through a funnel, shown in dotted lines 
on the left-hand side of our illustration, and thence flowing 
through a connecting pipe, shown in the engraving, into the other 
yay from which it escapes by a pipe arranged as shown on 
the right-hand side of the figure. The inlet and outlet pipes 
are furnished with cocks, by which the rate of the flow through 
the cylinders can be regulated as desired. 

The gas is led into the first washing-cylinder through a Pipe 
attached to the centre of the cover, and communicating with the 
inside of the conical casting. It thence passes under the lower 
- of the casting, through the water or ammoniacal liquor, 
and up through the grating into the annular space, frem which 
it is removed by a pipe which conducts it to the second washing- 
cylinder. Through this second cylinder it passes in the same man- 
ner as through the first. The conical shape of the castings depend- 
ing from the covers of the cylinders gives a large area for the dis- 
charge of the gas under their lower edges, and'it is thus enabled 
to pass under these edges without causing too great a disturb- 
ance of the liquid contained in the washers. In passing under 
the edges of the conical castings, the gas throws up the water 
or ammoniacal liquor amongst the pebbles placed on the grat- 
ings, and as the gas has to pass amongst these pebbles, it is ex- 

d to a large area of wetted surface, and the ammonia and 
isulphide of carbon contained in it are very effectively removed. 
At the works of the Western Gas Light parm ary the 
washers above described are charged with ammoniacal liquor, 
the stream of liquor passing through the washers in the 
reverse direction to the gas. By this means the impure gas, 
when entering the first cylinder, comes in contact with the 
stronger liquor, by which a portion of its impurities are taken 
up, and it then, in the second washer, is passed through 
weaker liquor, which, having a stronger affinity for the ammonia 
and sulphur contained in the gas, purifies it still more perfectly. 
The pipes leading the gas to the washers are provided with by- 
pass valves, by which the gas can be made to flow — instead 
of through, either of them as desired ; and they are also furnished 
with pipes, by means of which they can be —— emptied of 
their liquid contents. The washers at the works of the Western 
Gas Light Company, of which we have above given the par- 
ticulars, are of sufficient size to wash 70,000 cubic feet of gas per 
hour. 








Borter Exptosions.—We last week recorded three 
boiler explosions, and on the day when we went to 
press another occurred at Leicester, attended, as in 
the other cases, with loss of life. This was a small 
boiler working without a water gauge, and it is sup- 
posed that it became empty, and thus red hot. It ap- 
pears to be well settled now that nearly all boiler 
explosions occur either from carelessness or ignorance. 
We could wish that periodical boiler inspection was 
enforced by law. The Manchester Association has 
doubtless prevented scores of disastrous explosions by 
careful inspection. Mr. Fletcher’s report for the month 
of April records the discovery of noless than twelve posi- 
tively dangerous defects found during the examination 
of 509 boilers. Besides these, there were 191 cases 
of omissions, defects, &c., tending -more or less to ex- 
plosion. Thus there were 2 dangerous and 13 “ ordi- 
nary” cases of furnaces out of shape, 2 dangerous and 
23 “ordinary” fractures, 4 blistered plates, 21 cases 
in all of corrosion, of which 4 were dangerous, 5 cases 
of grooving or furrowing, &c. There were 76 cases 
of defective fittings, 2 of them dangerous, and 9 boilers 
were working without glass water gauges, 1 without a 
pressure gauge, 2 without blow-off apparatus, and 41 
without feed-back pressure valves. 

Wrovucut-Iron Strap Drums.—Messrs. Hudswell and 
Clarke, of the New Railway F oundry, Leeds, are now making a 
number of strap drums of wrought iron. These drums are only 
of about half the weight of those of cast iron, and by their use, 
therefore, the weight upon the bearings of the shafting is much 
reduced, and a saving consequently effected in wear, lubricating 
material, &c. The straps are found not to slip on them, 
as they do on cast-iron drums, and, by doing away with this 
slipping, the belts are made to last much longer; in fact, at 
Messrs. Hudswell and Clarke’s own works they state that they 


have been enabled to reduce their strap account one-half since 
they have used the wrought-iron drums. 

Tue Crip Drum.—The clip drum invented by the late Mr. 
Jolin Fowler, of Leeds, and employed in his steam ploughing 
engines, is now in extensive use for raising coals in some of the 
northern collieries, and is found to answer well. 
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CANAL LOCKS AND INCLINES. 


For passing boats from one level of~a canal “to 

another, locks Sea been and are far more generally used 

than any other contrivance. The ordinary canal lock 

was, in all probability, derived from the old-fashioned 

“staunch,” which still existsyon some of the rivers in 

this —. which have bat'a slight fall, and is also 
) 


frequently found in the Bast: | Aff guj 
pre rvame F b agg wal at lt te be 
SO as some t@"edntract its breadth, and between 
these side erecting a third in the middle of the 
stream, this Jast-mentioned wall having cutwater ends. 


Midway in eich of the channels formed between the] age 


central and.side walls is placed a transverse sill: pro- 
tected on iteaipper side by the necessary sheéting and 
piling. Agross one of the channels a fam is placed 
immediately over the sill, whilst on the side wall of the 
other chan is fixed a pivot, upén Which turns 'a beam 
which, when placed across the chatinel, bears against’a 
stop fixed iv the central wall, and is immediately over 
the sill. When it is required to raise thé level of the 
water aboye the staunch, planks are’ placed so that 
they extend from the sills to the fixed” and moveable 
beams aboye mentioned, bearing, of course, against 
their upper gides. By this means a sort of rude sluice 
gate is formed, which checks the flow of the water 
through the:staunch. The manner of working this 
arrangemenf'is as follows: Supposing a vessel. to be 
zoing up sf , the planks and moveable beam would 
be removed.from the one channel of the staunch and 
the vessel passed through it; the planks and beam 
would thew be teplaced, and the level of the water 
above the staunch thereby so raised that the vessel 
would be able to proceed up the river to :the next 
staunch, afd so on, It will be seen by the above de- 
scription that the staunches form a series of rude locks, 
of which thé length is equal to the distance between 
two nae —— The waste of ) oni saaairwn 
by the usé’0fthis system is very great ; itaiayhowever 
be considerabl inesd in B cases b keeping each 
staunch cl except just at the time vies vessel is 
to pass through it, the vessel being in this case sup- 
posed to be provided with sufficient tractive power to 
enable it to pass up through the channel of the staunch 
against the despentinn current without much.-loss of 
time, In stich! cases the ascent of the vessels from tha 
lower to thehigher level would in reality be accom- 
plished by the tractive force applied to them, dragging 
them up an inclined plane of water, the staunch 
merely serving the purpose of reducing the length of 
this inclined plane to the length of its own channels, 
at the same time, however, increasing its steepness. 
Under any circumstances, however, staunches are ouly 
adapted for working slight inequalities of level, such, 
for instance, as 12 or 15 inches ; for greater rises or 
falls, other arrangements must be adopted, 

The arrangement of an ordinary* canal lock is. so 
well known that any description of twill: be quite un- 
necessary. It can be worked withthe least expendi- 
ture of water if used for an ascending and descending 
boat alternately, the full lock Jeft by the ascending 
boat being available for the descending boat, and the 
reverse. Unfortunately, however, the: demands of 
traflic seldom allow of, such: an 
regularly carried out, andthe, consequence is that the 
quantity of water whieh would serve to pass two boats, 
one up and, thé other down, is expended oy apy | one. 
Let us suppose, .for instance, that a lock has a length 
of 80 ft.;‘and: breadth of 15 ¢t., and that 
in level whigh-it isem to surmount is, 6ft, ;, let 
it also be,supposed that the freight carried: hy each 
boat is 604ons. Then the water expended in:working 
a boat up, will be equal ta:80x 15x 6=7200 cubic 
feet, or, Tonghly, about 200 tong of. water expended in 
raising a load of 60 tons, the  Peapoxtion being as 34; to 
1. If the hoats can be worked ippnd down alternately, 
the first mymber of the above proportion will, of course, 
be halved,gnd it will thus stand asd@ to 1... Generally 
speaking, jf may be assumed that in-gpdinary, Jocks, of 
about 5 ft, or Git. fall, the expendituresf.water-will 
amount ¢@ about three times the weight, of the mer- 
chandise jyerked through them. Ts reduce ghig.ex- 
penditurejaf water, side ponds, or reservoirs, liave.in 
many cag@s; applied, and double locks have been 
also conStructed with the same object. In each of 
these syst@ms,the intention is to economise the water, 
by releaging,jt.from the lock which is to be emptied 
into the g@yoining lock or side reservoirs, the water so 
stored up being available for partially refilling the lock 
without Sores 
the case of} the , if they can be 
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ked 


ent being | boat 


upon the upper level of the canal. In} the 
double. 





required for working a single lock could theoretically 
be saved by their use. In practice, a saving of nearly 
that amount may be expected. In the case of side 
ponds, the saving in water effected by them will depend 
upon their area as compared with that of the lock to 
which they are applied, and upon the level at which 
they are placed. They do not save such a large pro- 
portion of the water asa.system of double lacks working 
alternate traffic, but, inyol¥e much less 
expenditure for their cofistruetion, ae 
hen a great fall is to be surmounted, the series or 
flight of locks rendered necessary possess the great dis- 
rants requiring a commpaprable tinie for the pass- 
of boats through them,, This, combined with 
their great expenditure of water, has.led to the adop- 











tion, In some . of other means for raising and 
lowering the gi trom Sas level bag ‘other. "These 
contrivances may almost. all be i Jed. under two 


heads, viz. 
the former 
have been 


dicular lifts’ and incli 
aré but’ few examples, wh 

, yea instances, bh t 
country and erpendicular, lifts for raising 
boats, 26 ft. loug by 6ft. 6 in. beam,’ and 2 ft. 3 in. 
draught, carryingyabout 8 tons of cargo, were erected 
on the Western Canal, iear Taunton, by Mr. James 
Green. The greatest change of level to which these 
lifts were applied was 43 ft., and the expenditure of 
water was stated to be about. one-eighth the weight of 
the cargo, or, including leakage, one-fourth that 
weight. The application of inclined planes to canals 
is, like many other things, said to have been first car- 
ried out by the Chinese. However that may be, their 
first employment on the modern canal system is due to 
William Reynolds, who introduced them on the line of 
the Shropshire Canal in 1792. These inclines are four 
in number, and. are named, respectively, the Hay, the 
Strichley, the Donnington Wood, and the Wombridge 
inclines: ‘The first two, which rise together 350 ft., 
extend from the Severn at:Coalport to the summit of 
the Shropshire Canal; the two others descend from 
the sunimit ‘to! tle ‘level of ‘thé'Trench lock, the fall 
being 195 ft. ‘The’ inclination’ at‘Gifferent parts of the 
inclines Varies! from’ 1 in 5 to Pin 15: Hach incline 
has a double line of parallel “ways,” those of the 
Wombridge ‘incline being formed of wrought-iron rails, 
aud those of the others of, cast-iron frame plates rest- 
* npon: longitndinat balks: 10ih. by 6in., these in 


ing 
their turn being supported by cross sleepers. The 


ways extend from below the water-level at the foot of 
each incline to above the water-level at its summit, and 
thence descend into the water in the upper bay. The 
cradles, which are strongly made, run upon four wheels 

laced within the taney 5 they are also furnished with 

0 other wheels fixed outside the frames, these last- 
mentioned wheels: ouly*coming into use when the 
cradle has surmounted the incline and is descending 
into the upper bay, when they come upon a pair of 
elevated sith, and keep the ‘boat level as it is enter- 
ing‘the water. Each cradle is furnished at its fore 

with an elevated frame or “ carriage head,” which 
is strengthened by a pair of back stays. These 
latter are connected with the hauling rope, which is 
of wire, by means of a chain bridle, an by this ar- 
rangement the rope is sufficiently elevated to allow a 
to.pass under it, The cradles cost, complete, 
about 90/. each. 

From each cradle (of which there is one on each 
line of. ways) the rope is led round.a pulley, 6 ft. in 
coma e placed over the upper bays, and thence 
down. oe to ‘ae aS an kee bya — 
engine. e engines employed are from to 20 
horse-power, he a in addition to the dram just men- 
toed, they drive. “ winding-out drum,” the use of 
which, will. be pin Bee directly. The manner in 
whieh the inclines are worked is as follows: Let us 
suppose, that-the two cradles are one in the upper bay 
oe one at the foot of the, incline, and let the boat 
which, is to pass down be loaded, and that which is to 
pass. up empty, The former is then placed on the 
upper and latter upon the lower. cradle, and the 
upper cradle.is.then hauled out of.the top bay to the 
summit of the incline by means of a chain attached to 
its lower end and ted with the winding-out 
drum... When.the upper-cradle has been thus brought 
te-the.apmmit of the incline, it is held there by the 
man at the brake-wheel connected with the winding 
drum, and the winding-out chain is uncoupled from it 
and thrown on one side, The brake is then released, 
and the loaded boat and cradle descending the incline 
hauls up, by means of the wire rope connected with 

Wi drum, the empty boat with its cradle. 
Shortly before the latter reaches the summit of the in- 


winding-out is attached to it, and the 
en i Faia te the “ winding out,” and 





connected with the “winding” drum, it is drawn over 
the summit, its descent into the upper bay being regu- 
lated by means of a brake spplied to the winding-out 
shaft... If, instead of as above supposed, it is the as- 
cending boat. which is loaded, and the descending one 
empty, the extra power required to raise the former up 
the inclines is supplied by the engine, which is then 
connected with the winding drum during the whole of 
the time. The boats worked up the inclines are 20 ft. 
long, by 6 ft. 3in. beam, and have a draught of 8 in. 
when empty, and 28in. when loaded; eight is the 
greatest number which can be passed up in an hour, 
the hands employed being an engineman and boy at 
each summit, a man to place the boats on the 
cradles at the foot of each incline. Ten years ago the 
average cost of maintaining the inclines was 1600/7. 
annually, and the cost of working, 27;d. per ton 
transferred over the whole of the inclines; the annual 


'| tonnage passed being about 135,000 tons, 


In the ease of some canal inclines the boats, instead 
of resting directly upon the cradles, are carried in 
tanks or caissons in a floating state. The inclines on 
the Chard Canal, erected by Mr. Sydney Hall, and 
that at the Blackhill-locks of the Monkland Canal, 
construeted. by .Mr. Leslie, belong to this class. On 
the Chard inclines the caisson containing the’ boats 
are hauled up by water power; the caissons, however, 
are only adapted for taking up boats of 8 tons burthen. 
The time occupied by each boat passing the incline is 
about ten minutes. 

The incline at the Blackhill locks of the Monkland 
Canal was constructed in 1850, in consequence of the 
suspension of the traffic which had been caused during 
the preceding year by the scarcity of water. The 
Monkland Canal was provided with a storage of more 
than 300,000,000 this feet of water, yet, notwith- 
standing this large reserve, the canal had to be closed 
for a period of six weeks in 1849. This stoppage 
evidently arose from the great waste of water caused 
by the working of the locks, and the canal coming into 
the possession of the Forth and Clyde Canal Company, 
Mr. Bateman and Mr. Leslie were called upon to ex- 
amine the system and report upon it. The attention of 
these gentlemen was at first directed to a consideration 
of the advisability of providing additional storage.area, 
by enlarging the reservoirs, and afterwards to a plan for 
raising the water from the lower to the higher levels of 
the canal by means of large pumping-engines ; eventu- 
ally, however, both these schemes ate a they and 
the construction of an inclined plane recommended. 
This recommendation having been approved by the 
committee of management, Mr. Leslie was instructed 
to prepare the necessary Dany and specifications, and, 
as we have already stated, the work was carried out in 
1850. The difference of level at Blackhill is 96 ft., and 
before the construction of the incline the whole traffic 
was conducted through two sets of locks, each set con- 
sisting of four double locks, and each double lock 
having two lifts of 12 ft. each. The quantity of water 
expended by each boat in passing is 12,600 cubic feet, 
or about 350 tons of water. ‘The caissons and car- 
riages on the incline have been constructed for the 
transfer of empty barges, the loaded boats still passing 
through the locks, and this has enabled the works to 
be executed at a less cost than they otherwise would 
have been. 

The incline consists of two lines of rails, each laid to 
a 7 ft. gauge, the length of the incline being 1040 ft., 
and its inclination for the greater part of its Tength lin 
10. On each line of rails runs .a carriage, set higher 
from the rails at its after than at its fore end, so as to 
support in a level position a caisson or tank 70 ft. long 
by 13 ft. 4 in. wide by 2 ft. 9 in. deep. These caissons 
are made of wrought-iron plates, and their form in cross 
section is such that they almost fit the boats placed in 
them, and ‘thus haye to carry very little water. The 
carriages are arranged so that one ascends whilst the 
other is descending, and vice versd, and each is con- 
nected by a 2in. wire rope with one of a pair of 
vertical drums, 16 ft. in Manister, placed at the 
head of the incline. These drums are fixed up- 
on separate shafts, so that, they move in opposite 
directions ; and they are connected with a pair of 
high-pressure engines of 25 horse power, which make 
about twelve revolutions to one made by the drums, 
and drive the latter at a surface speed of about two 
miles per hour. The caissons are provided with lifting 
sluice-gates at each end, and. one of them being run 
down into the water at the foot of the incline, a boat 
is placed in it, and the end gates closed. This caisson 
then runs up the incline, the other caisson, which is 
filled with water, at the same time descending on the 
other line of rails; by this arrangement the one caisson 
nearly balances the other, and little power has, conse- 
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quently, to be exerted by the engine. On the arrival 
of the ascending caisson at the top of the ineline, the 
upper end of it is pressed, by an hydraulic arrange- 
ment, inst the frame of the gates of the upper 
level; these gates, and the gates or sluices at the 
upper end of the caisson, are then lifted, and the boat 
floated out into the upper reach. About ten minutes 
are occupied in taking a boat from the lower to the 
upper level, about five or six minutes being taken up 
by the actual ascent, two minutes being required for 
placing the boat in the caisson, and two minutes for 
removing it from the caisson into the upper reach. As, 
however, a boat can be placed in one caisson whilst 
another. boat is being removed from the other, a boat 
can: be passed up every eight minutes, and sixteen 
boats have been passed in two hours. Lach carriage, 
with an empty boat and the water necessary to float it, 
weighs between 70 and 80 tons, but this weight can 
be reduced by ne up less water in the ascending 
caisson than 1s capable of completely floating the boat 
contained in it. 

To pee accident in ease of the rope breaking, a 
line of ratchets is laid by the side of each rail, the 
carriages ‘being provided with pauls which engage in 
these. In the case of the ascending carriage, the pauls 
are constantly working in the teeth of their corre- 
sponding ratchets; but in the case of the descending 
carriage, this, of course, could not: be allowed, and the 
pauls belonging to it are therefore raised from their 
ratchets, but are held in such a manner that they are 
released by the action of the draw-spring and 
allowed to fall into the teeth immediately upon the rope 
becoming broken. When a boat is being transferred 
from one of the caissons to the upper level, a small 
quantity of water (about 50 cubic feet) is enclosed 
between the gate of the caisson and that of the upper 
reach ; this water is caught bya trough, and conveyed 
to the upper basin of the set of locks. In 1851, the 
year following the completion of the incline, it was 
reported by the company that 5452 boats had passed 
over it, the average daily number in April that year 
being 43, and that the saving of water effected by it 
had amounted to 60,000,000 cubic feet. In the suc- 
ceeding years the number of boats passed has been 
considerably increased, and the saving of water effected 
has been consequently greater. saving of 
60,000,000 cubic feet effected in 1851 would be equal 
to about two months’ supply to the locks for the trade 
then carried on. The entire cost of the incline, in- 
cluding engine-house, eaissons, ropes, &c., was. 13,000/., 
and the annual expenditure for working and main- 
tenance has been about 450/. per annum. 

In America.there are some good examples of in- 
clined: planes on the line: of the Morris: Canal; 102 
miles in length, which extends from the River 
Hudson at New York to the River Delaware. at 
Easton. The canal ascends from New York, a height 
of 914 ft. to the summit, from which it descends 760 ft. 
to the Delaware, making a total rise and fall of 1674 ft, 
These: changes of level are effected by twenty-six in- 
clined planes and twenty-three locks, the longest plane 
being 1600 ft. in length, and rising 100 ft., and no 
plane having a less rise than 35 ft. An inclined plane 
was first introduced on the Morris Canal in 1845, but 
this plane was of imperfect construction, and the first 
incline of the class now used was set to work in 1848, 
This first plane, which was made at a.cost, including 
the machinery, of 5567/., is. 900 ft. in length, and rises 
51 ft. : it superseded six locks. The boats used on the 
Morris Canal have an average tonnage of 60°tons, and 
are made in two sections, which when together are 
held by latches and steadying pins. Each of the sections 
has the end which abuts against the other section closed 
by a transverse bulkhead, so that each really forms a 
half boat. This method of construction was not adopted 
to suit the inclines, but was that originally used on the 
canal. We have said that 60 tons is the average ton- 
nage of the boats; the planes are, however, arranged 
to transfer boats of 100 tons burthen. 

Each of the inclines consists of a double line of rails 
laid to. a_ gauge of 12 ft., the rails weighing 76 lb. per 
yard, and having heads 3 in, wide. . The lines extend a 
short distance along the bottom of the canal at the foot 
of each incline, and thence rise up the incline to above 
the water-level of the upper reach. They then descend 
into the upper reach, and extend for a short distance 
along the bottom. The trucks upon which the boats 
are carried are, like the boats, divided into two sec- 
tions, each section having eight wheels furnished with 
flanges on each side of the rails. The trucks are pro- 
vided with strong stanchions, to which the two sections 
of the boats are secured by hawsers, and they are fitted 
with brakes, by means of which any wheel may be 


truck a wire rope, 2 in: in'diameter, is led to the 
head of the incline, where it is passed half round a 
large sheave pulley, and thence back down the incline 
to the winding drum, which is 12 ft. in diameter and 
from. 8 ft. to 12 ft. long, according to the length of the 
incline. This drum is furnished with a spiral groove 
of 3in. pitch, and the ropes are wound on it in oppo- 
site directions, so that as one rope is wound on the 
other is unwound, and the carriages therefore move 
up and down the plane alternately. The ropes are 
supported along the centre of each line of rails by 
sheaves placed at intervals, Those ropes, which are of 
English manufacture, each consists of thirty-six _ 
wires, whilst those made in America by Mr. Roebling 
are formed in 343 small wires. In addition to the 
main ropes above mentioned, the lower ends of the 
carriages on each incline are connected by a lighter 
wire rope, which passes round a large sheave at the 
foot of the incline, and is used for hauling the trucks 
out of the water of the upper reach. The general in- 
clination of the planes is 1 in 11, and they are each 
worked by a reaction water-wheel, the levers for regula- 
ting the supply of water and applying the brakes being 
arranged in a high tower, from which the man in 
charge can see the whole plane. The dimensions of one 
of the wheels ‘are as follow: It has four arms, the 
ends of which describe a circle 12 ft. in diameter. The 
openings for the efflux of the water are 15} in. high 
by 34 in. wide, and, the wheel being placed at such a 
distance down the incline that a head of water of 
55 ft. is obtained, the discharge amounts to about 
3000 cubic feet per minute. This gives. about 235 
horse power. The quantity of water which is re- 
quired for working these reaction wheels is found to 
be less than half of that which would be expended in 
a series of locks of the same total lift. The working 
of one of these planes will be readily understood. The 
boat to be eed is floated upon the truck or cradle 
which is in the water at the foot of the incline, and 
secured to the staunchions already mentioned. The 
winding machinery is then set to work and the carriage 
hauled up, the carriage, as it rises, drawing (by means 
of the light wire rope connecting the lower end of the 
carriages) the other carriage out of the top reach and 
over the summit of the path 

After the descending carriage is drawn over the 
summit, it of course acts as a balance-weight to the 
ascending carriage. ‘The first. boat tried on the plane 
which we have mentioned as being set. to, work in 
1848, was taken up in 3$ minutes, the weight of the 
boat being 70 tons. The planes on the Morris Canal 
were constructed under the direction of Messrs, Asa 
Whitney and. W. H.. Talcott, the chairman and, en- 
gineer to-the company, and. the notes which we have 
here given concerning them were derived from infor- 
mation furnished to us by the last-named gentleman 
some time ago. In concluding this article, we may re- 
mark that the question—whether locks or inclines canbe 
most advantageously used for effecting a change of level 
on canals P—is one which does not admit of a general 
answer. The advisability of adopting the one system 
or the other will depend, in each case, upon the supply 
of water which can be obtained, and upon the amount 
of traffic that is to be worked; under any circum- 
stances, however, it seems that the cost of working 
can be reduced by making either the locks or inclines 
on such a scale as to transfer a greater amount of load 
at one time than most of them do at present. This, 
however, would require. a large expenditure upon con- 
struction, and it will in each case depend upon the 
amount of traffic to be worked whether such an expen- 
diture ought or ought not to be made, 








THe MerropouiTan AnD St. Jonn’s Woop Rattway.— 
The works of this line were well forward, and it was expected 
that it would be opened in about six months-from this time, but 
it is probable that the present monetary difficulties: may to some 
extent delay the works. We believe that the plan of the engines 
for working the line has been decided upon, and that they will 
be generally as follows: Six coupled wheels, 4 ft. in diameter, 
without bogie or other wheels, cylinders 20 in. in diameter, and 
24in. stroke. Boiler 4 ft. 3 in. in diameter and 11 ft. long, fire- 
grate, 6 ft. Gin. long. Of course, these dimensions may be more 
or less modified before the engines are completed, and we give 
them merely to indicate the general class of machinery required 
to work the long incline of 1 in 27, stopping and starting at a 
station halfway up. The weight of the engines will be 42 tons 
or 7 tons on a wheel. 

THE LATE Mr. GravaAtr.—Mr. William Gravatt, C.E., died 
last week, at his residence in Park-street, Westminster, from an 
overdose of morphia accidentally administered during illness. 
Mr. Gravatt was engaged, under the elder Brunel,‘upon the 
Thames Tunnel, and afterwards, under the late Mr. I. K. Brunel, 
upon the Bristol and Exeter Railway. He was remarkable for 
his mathematical attainments, and he greatly improved the 
Dumpy level, and was the inventor of the telescopic staves now 





locked fast as desired. From the upper end of each 


THE GANGES CANAL. 
To tur Epitor or ENGINEERING. 


A supGE of Bombay lately observed that there was no public 
in India. He was not far from wrong. There are very few indeed, 
particularly in the professional classes, who are not in some 
way or other connected with Government. This is a great 
source of danger to India. The controversy regarding this 
Ganges Canal points to one danger which threatens India from 
this oause. Here is a most extensive work carried out entirely by 
Government servants, and with what results? Noone can have 
read the various reports without coming to the conclusion that 
it is generally a gigantic failure. The manner in which this 
inquiry has been conducted, however, requires particular notice. 
We have, first: of all, General Sir A, Cotton’s strictures on the 
undertaking, and Col. Cautley’s pamphlets; we have the Royal 
Engineers committee, composed of Cols. Strachey, Morton, Turn- 
bull, Capts. Dyus and Crofton, together with Capt. Crofton’s 
voluminous report; and now a further committee, composed of 
Col. Lawford, Madras R. E. and Bombay R. E., Mr. Leonora, 
engineer in Bengal P. W, D., and a railway engineer, are to give a 
further opinion on this much-vexed question. As far as we have 

me at present, Col. Cautley does not seem to agree with the 

yal Engineers committee, nor does Col. Cotton feel satisfied 
with the opinions published, nor can they, I am afraid, satisfy 
the public. A careful examination of the laborious and 
carefully prepared report of Capt. Crofton (‘On Present 
State of Canal”), the remarks of the Royal Engineers 
committee, and even the remarks of Gen. Sir A. Cotton, 
cannot, I opine, but. lead any practical man to the conclusion 
that there is a great want of general practical know- 
ledge, and a want of broad practical views as regards the 
scheme in general and its general bearing on the country. Sir 
A. Cotton puts under his head of minor mistakes in No. 3, 
“that the whole canal has too great a fall in its bed, &c.” 
This is doubtless the primary and chief fault. The present 
canal should have been made with a much less fall and a much 
greater sectional area; doubtless, also, other sources of supply 
of water than that from the initial head should have been pro- 
vided, The public may well ask how one of the first principles 
engineering was set aside, and such a gross error com- 
mitted in such an important work, when the ABC (one 
would have thought) of engineering would have taught the 
projectors that such a slope per mile was sure to wear away 
the bed, and was totally unfit for navigation. Cannot the 
Home Government obtain, before they expend 524 lacs of rupees, 
it may be 131 lacs, a thoroughly practical opinion on this most 
important subject, embracing as it does the welfare of thousands, 
I might almost say millions. 
The country is in its general features favourable for the for- 
mation of canals, and many sources of supply might be found, 
The questions to be decided are: 


Ist. Should the old canal be altered to carry the full supply 


of water? 

2nd. Shall the old canal be made fit to carry a reduced supply 
of water ? 
8rd. Shall an auxiliary canal be formed ? 
4th. Shall an entirely new line of canal be made? 
1 Shall navigation be kept separate from irrigation, or 
not 
The 4th question does not appear to have been before mooted, 
but it is one worthy of consideration. Upto this time the ques- 
tion hus been chiefly argued in India by parties who may in some 
degree fee] themselves obligated to carry out the present pro- 
ject, to repair it or patch it up. Thiscanal is in fact the grand 
production of their class, but, as I commenced, we have no 
public here, and before the Home Government allow sums to be 
thrown away on a work that must affect the prosperity and 
well-being of this mighty country for years, it would be us well 
to give the matter the advantage of being well ventilated at 
home. In a vast country like India, with the want of millions 
of pounds of expenditure on useful and productive engineering 
works, it is no light question the expenditure of 131 lacs of 
rupees. 7 rupee must be fully utilised; nor should such 
questions be left wholly to Government men out here, who, 
however clever, however hard working, however fitted to meet 
many peculiarities of Indian engineering they may be, are not 
practical men. The present head of the Engineering Depart- 
ment belongs to the Royal Artillery, and although an excellent 
office man, and most particularly fitted to preside over the 
mixed assemblage of the Public Works Department by his 
urbanity, honesty, and business-like habits, yet is no engineer. 
We require a sound practical opinion. The Home Government 
should send out two men of acknowledged ability and standing, 
like Hawkshaw or Stephenson, with them associate Gen. Sir A. 
Cotton, than whom no one in India has perhaps more varied 
knowledge regarding irrigation and canal work, but many men 
who know him well would agree with me that they would not 
like to work out projects on his estimates; also let a Bengal 
engineer be joined to the committee, amongst whom there are 
many able men to choose from. Sir A. Cotton, with his varied 
knowledge, would also bring to the work that untiring zeal, 
comprehensive view, and extreme honesty of purpose that has 
already achieved so much, and, associated with men of thoroughly 
practical’ knowledge, a scheme of navigation and irrigation 
could be worked out (not only for the old Ganges Canal, but 
also.for many parts of India) that would change the face of the 
country. ‘There are in India great facilities. for extensive water 
communication, and irrigation works more extensive than have 
ever yet been constructed; but let the Home Government be 
warned in time by the fate of the Ganges Canal, Madras Irriga- 
tion Company, and also by the delay and waste of money on the 
Godavery works. Let them obtain the best practical engineer- 
ing opinion procurable before they commence any new irrigation 
or er me navigation schemes. aL 
Attention is now seriously turned to these questions, and it is 
of the greatest importance that these schemes, that must havea 
lasting effect on the country for good or ene we by the 
best and greatest intellects and engineering skill that England 
can produce. 
Pro Bono Pustico. 





so generally used in levelling. Mr. Gravatt, at the’ time of ‘his 
death, was in his 69th year. 


Caleutta, 8rd April, 1866. 
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BATH AND WEST sd ENGLAND SOCIETY’S 
8 


Tue Royal Agricultural Society holds no show this summer’ 
that arranged to take place at Bury St. Edmunds having been 
ut off on account of the cattle plague. The Bath and West of 
ingland Society’s Show, which has, for so many years, been the 
one great annual event in the Western and South-Western 
Counties, and which this year has been held at Salisbury, has 
therefore made more than the usual display of machinery, the 
agricultural engineers having bad no other opportunity for their 
annual provincial exhibition. We saw, perhaps, as many port- 
able and traction engines in the yard at Salisbury as we are 
accustomed to see at the more important shows of the Royal, 
but it was very evident that no great amount of business was 
doing. Not only is the show of a local instead of a national 
character, and therefore attended by but a comparatively small 
number of people, but the impending war on the Continent has 
greatly checked, if it has not completely suspended, the large 
foreign trade in engines and agricultural machinery, and, what 
with the cattle plague and the panic, the home trade is far less 
active than it has been. It will be remembered, too, that a very 
considerable reduction has been lately made in the prices of 
sortable engines, the eight-horse, which formerly sold tor 2307. 
vaving been reduced this year to 2102 The extent of the 
portable engine trade may be judged roughly from the maker’s 
numbers on their engines as exhibited at Salisbury. Thus, one 
of Messrs, Clayton, Shuttleworth and Co.’s numbers, probably 
not their highest, was 7204; Ransomes and Sims’s, 1251; Tux- 
ford’s, 1216; Robey’s, 1122; Ruston, Proctor and Co.'s, 976; 
Garrett and Son's, 900 ; Reading Ironworks Company’s (formerly 
Barrett, Exall, and Andrewes), 787 ; Marshall, Son, and Co.’s, 
488 ; Brown and May’s 288; E. and F. Turner's, 254, &c., besides 
a number of smaller makers. Messrs. John Fowler and Co.'s 
steam ploughing engine was numbered 471, and Aveling and 
Porter's traction engine 214, There are also new makers in the 
field, Tasker, of Andover, exhibiting his 4th, 5th, 6th, 7th, and 
Sth engines; while a new Wiltshire firm, Parfitt and Co., of 
Devizes, exhibited a “ rum” little portable, of 3} horse, without 
guides, the piston rod being prolonged and made to do duty as a 
plunger to the feed-pump. In the catalogue, we learn that 
“this engine is upon an improved principle,” the “ improvement’ 
being that just noted, and for which the purchaser will doubtless 
have to pay in wear of packings and piston rod, and in leakage 
of steam. P 

The old-established houses maintain’ without alteration the 
patterns of engines by which they have so long been known. To 
describe the present construction is to describe that of four, five, 
or six years ago. The Bath and West of England Society give 
no prizes for machinery and implements, nor do they subject 
them to competitive tests, so that purchasers at their shows 
have only their own judgment and the reputation of the makers 
to rely upon. ee a 

The manufacture of portable engines is likely, however, to be 
considerably influenced by the increasing use of traction engines. 
In these steam of 100 Ib. is any carried, where 30 Ib, was 
once thought high in the portable. With the higher pressures, 
stronger boiler work, harder cylinders, and generally greater 
strength of construction are necessary. Farmers find, too, that 
for an additional cost of perhaps 150/. they can have a traction 
engine, not only capable of moving itself and a thrashing 
machine to any place required, but far stronger, too, for the 
ordinary purposes of a portable engine. Of the large number of 
traction engines made by Aveling and Porter, as many, we be- 
lieve, are already in use as portable engines as in hauling loads. 
With higher pressures, too, and a quicker speed—for the traction 
engines make 180 revolutions and upwards per minute—the 
single cylinder is found to answer as well or better than double 
cylinders, and a pute proportion than formerly of portable 
engines have single cylinders. Messrs. John Fowler and Co.’s 
ploughing engines are now made with single cylinders only. 

In looking about the yard for novelties, we soon found one 
exhibited by a Salisbury firm, James Rowland and Son. It was 
a portable engine having separate induction and eduction valves, 
one at each end of the — the valves being short wedges 
closing in recesses or sockets of the same shape, formed in the 
steam passages. The valves rose und fell vertically, each 
spindle having double rollers at its outer and upper end; and 
a single bar Liven by an eccentric, and bent so as to act 
like a cam, worked horizontally between these rollers, and 
thus kept the valves dancing up and down in time to the 
movements of the engine. ‘Ihe whole object is to avoid the 
friction of the common slide valve; but this is accomplished 
with a very evident increase of complication, and with the 
necessity for a good deal of unusually nice fitting. That the 
valves work easily we do not doubt, but it is a question whether 
much simpler arrangements would not secure the same advan- 
tage. Messrs. Rowland exhibited an engine at Battersea, in 
1862, in which the piston-rod was guided by a parallel motion, 
and the engine at Salisbury also had a parallel motion, That 
this motion is very good tur its purpose there cau be no doubt, 
and these makers have indeed had it at work, in portable engines, 
for seven years. But it has, in this case, ten joints, and we 
need not say that if, from any cause, it gets at all out of adjust- 
ment, it may cause very great friction of the piston-rod. Vith 
ordinary guides, and with a connecting-rod of six times the 
length of the crank, the mean pressure upon the guides is about 
one-ninth that upon the piston, and the friction due to this pres- 
sure will, with clean guides properly lubricated, be about one- 
ninetieth of the whole force of the steam on the piston, or, in 
other words, the loss of power in guide friction will be but about 
one per cent. of the whole power of the engine. This subject 
has long ago been considered by, and tolerably well disposed of 
among, marine and locomotive engineers, and there is no reason 
in favour of the parallel motion, which does not apply equally to 
them. We are by no means endeavouring to make out that the 
parallel motion is in itself objectionable ; but we are convinced 
that whoever imagines it secures any notable advantage, as 
compared with the ordinary guides, makes a mistake. Z 

Messrs. Ingram and ae a rising firm at ne pe 
sent an engine having several features differing from the ordi- 


nary type of portables. Thus the cylinder is cast with one cover 
and the valve chest all in one casting; a packed equilibrium 








slide valve, as in marine engines, is employed; the eccentric 
works the valve and pump through the same rod; the pump has 
an air vessel on the delivery side ; only a single guide bar is em- 
ployed, this being below the piston rod, and having the usual 
marine pattern of cross-head, and the eccentric is loose on the 
shaft and reversed by means of the clutches once employed in 
locomotives. Any effective means for £4 the pressure 
from the slide valves of portable engines will be found very use- 
ful, not only by saving a considerable amount of power, but by 
preventing the occasional breaking of valve spindles, now a not 
uncommon accident. 

Mr. E. E, Allen exhibited a 10-horse engine (made by 
Richardson, of Kirton-in-Lindsay, Lincolnshire), having his 
double expansive cylinder. This is of twice the ordinary length, 
and has two pistons, with an intervening trunk working through 
an internal partition, the whole nee iving a high-pres- 
sure and a low-pressure piston at each end of thecylinder. The 
bore of the cylinder is 11 in., and the diameter of the trunk 
9 in., the annular area of the high-pressure piston being equal 
to that of a circle 52 in. in diameter, or rather more than one- 
fourth that of the low-pressure piston. The stroke is 12 in. 
The whole weight of the cylinder and jacket is 8 cwt., and of 
the whole engine empty 4 tons 2cwt. Mr. Allen maintains that 
with high expansion in a steam jacketted cylinder a much 
smaller boiler is sufficient, the consumption of fuel and water 
being much less than in ordinary engines. With all the argu- 
ments pro and con. Mr. Allen’s engine our readers are familiar, 
and we would urge that gentleman to place his engine in the 
hands of competent and disinterested engineers, to test carefully 
its power and economy of fuel. Singularly enough, as long as 
this engine has been before the public, no definite statements of 
its performance have appeared, and all that has been heard of 
it has been from the patentee himself. 

In thus dealing with exceptional designs, we are not to forget 
the great number of standard engines which, so largely ~~ 
sented at Salisbury, have been for many years before the public. 
For the purposes of the purchaser, rather than of the engineer 
or the amateur, the unquestionable workmanship of the leading 
makers will naturally command the preference. ‘The very num- 
bers we have given will show how successful they have been; 
not of course that the absolute merit of the respective engines is 
to be measured by the numbers sold. But, apart from any pre- 
dilections which the name of a great firm may inspire, no com- 
petent ergineer can look upon Messrs. Clayton, Shuttleworth 
and Co,’s, Messrs, Ransomes and Sims’s, Messrs. Marshall, Son 
and Co.’s, Messrs, Brown and May’s, or Messrs. Turner’s engines, 
without pronouncing them on examples of both design and 
workmanship, the latter being, indeed, excellent, and admitting 
of less diversity of opinion than may exist with respect to the 
former. As for design, we would not tolerate the return-flue 
boiler, and engines boxed up in the smokebox, as displayed, but 
rarely made, by Tuxford, nor would we on any account adopt 
the costly, weak, and wasteful erection wherein Hornsby fixes 
his cylinders. ‘The cost of his flat-sided steam chamber, rivetted 
to the top of the firebox, is so much added to that of ordinary 
engines ; its weakness, especially against the whole thrust of the 

iston, is self-evident ; and its wastefulness of heat, owing to its 
arge exposure of surface, must provoke a smile with those who 
learn from the maker’s catalogue that the object is to save heat 
by surrounding the cylinder with steam, the cylinder not having, 
perhaps, one-fourth as much surface to cool. The proper pro- 
tection of the cylinder is, of course, a steam jacket, as so long 
and so successfully used + Brown and May, of Devizes. But 
we cannot quite agree with Mr. Aveling, who takes his steam 
through this jacket into the cylinder, and with it therefore all 
the water resulting from the condensation of steam in the 
jacket. In Messrs. John Fowler and Co.’s ploughing engine, the 
neral arrangement of Mr. Aveling’s cylinder . to be fol- 
owed; but it is placed within a dome, and the steam space 
around it is thus so much larger that it is possible that little or 
no condensed steam is swept into the valve-chest. 

Robey’s engines were without the useless water bottom to the 
firebox to which they so long adhered. In the case of circular or 
elliptical fireboxes, as used in some of the smaller engines by 
other makers, a water bottom is the result; but it is not for its 
own sake, as a water bottom, but for the cheapness with which 
the firebox may thus be formed, that it is adopted. In some of 
the engines of Wilkins, of Ipswich, the firebox is a circular or 
conical flue, without stay-bolts, and although rather pinched 
for heating surface, there is no doubt that it is durable, and, 
under moderate pressures, amply strong. Mr. Wilkins had an 
engine in the yard, and it contained one or two peculiarities. 
The guides were supported wholly from the cylinder end, with- 
out any standard upon the boiler. The professed object is to 
prevent the expansion of the boiler from throwing the guides 
out of line, and this pretext forms an amusing illustration of the 
necessities which agricultural engineers find or create for stamp- 
ing an individuality upon their work. The expansion between 
the cylinder and the standard carrying the outer ends of the 
guides never exceeding ,\yth inch in engines of this class, 
it could not sensibly affect the line of the guides at all, and the 
latter might, of course, be adjusted and fastened to the standard 
when the engine was hot. A better reason probably in favour of 
Wilkins’s guides, known as the “‘crocodile’s mouth” pattern, is 
to be found that, with a slight increase of weight, they are 
cheaply fitted. 

It will not do, however, to go on at a great expense of space 
to discuss such details of portable engine practice as do not 
involve principles. Nor is there so much that can be safely 
pronounced decidedly good or bad at first sight, the useful 
qualities of farm engines depending far more upon their mate- 
rials and workmanship than upon their few prevailing differences 
of detail. As for novelties involving principles of importance, 
there is and has long been a great dearth in the farm-engine 
trade. Our own opinion is that a totally new class of engines 
may be made, lighter, stronger, and cheaper than any in use. 
There is no reason why farm-engines should not work regularly 
at 150 lb. pressure, and, with 3 ft. flywheels, make 300 revolu- 
tions per minute, a stroke of Yin. and an expansion of trom 
sixfold to eightfold being adopted. At this rate a single 6 in. 
piston would easily give off 20 horse power, with a consumption 
of coal not exceeding 34 cwt. in ten hours. That such engines 
will ultimately be made, and, still more, drive the existing 





engines out of the field, we have no doubt whatever, and it is 
time that some firm combining the resources of large capital 
with the highest mechanical skill took the matter seriously in 
hand. The engine of 20 effective horse power should not 
exceed 2 tons in weight, for it requires but a small boiler to burn 
40 lb. of coal and to evaporate but 30 gallons of water per hour. 

Among the novelties exhibited was the Cannon steam pump 
of Mr. Holman, as made for him by Brown and May. It ad a 
horizontal 4} in. steam cylinder and a _ of 6in. stroke, 
working a pump of 4in. bore and of the same stroke. The 
novelty was in the form and arrangement of the connecting rod, 
which was bent down and beneath the cylinder, and worked a 
crank, small flywheel, and valve gear, at the opposite end of the 

linder from that at which the connecting rod was jointed to 
the piston rod. The bent connecting rod has very little to do, 
and it certainly worked well. 

Another neat set of machinery, also exhibited by Mr. Holman, 
was a portable set of vileake machinery, with a neat little press 
of 150 tons power, made by Messrs. Tangye Brothers and 
Price, of Birmingham. ‘There was the grinding mill, the press 
with 10 in. ram, and low-pressure and high-pressure hand pumps, 
and the kettle and agitator, the heat being supplied by a slow 
fire, the whole set for 75/., and capable of pressing a ton of oil- 
cake per day. 

Mr. Andrews, of Melksham, exhibited a new chaff-cutter and 
chaff-elevator combined. The cut chaff, which commonly gets 
blown about and partly wasted in ordinary handling, is here 
taken up a Jacob's ladder of the simplest construction, and dis- 
charged into a sack, and as one is filled, a light valve turned 
over by hand, sends the stream into another sack in waiting. 

Several makers exhibited wood-working machinery, the prin- 
cipal exhibitor being: Charles Powis, of Millwall, who made a 
good show with his mortising and tenoning machine, “joiner’s 
universal” machine, band sawing machine, &c. 

The American grist mill introduced into this country two or 
three years ago, and of which some thousands are already in use, 
was exhibited by two or three tirms, among them Messrs. Riches 
and Watts, of Norwich, and Barrows and Carmichael, of Ban- 
bury. At the Newcastle Show of the Royal Agricultural Society, 
in 1864, one of these mills, driven by 8% actual horse-power, 
ground at the rate of 1212]b. of fine meal for pig feeding per 
hour. With 2} actual horse-power, it ground at the rate of 74 
bushels per hour. It is a horizontal steel surface cutting-mill, 
without gearing. 

Of the horses, pigs, and poultry exhibited at Salisbury we need 
not speak. We have to do only with the machinery; and 
although very little that was novel was exhibited, we can only 
regret that our space does not permit of our devoting to it a more 
descriptive and critical report than we have given. 








Tue SHerrietp Fire Trape.—Some weeks ago, at a 
au of the Sheffield Masters’ Committee and the representa- 
tives of the men, resolutions were adopted for opening the works 
on the old terms, and appointing a joint committee of masters 
and men to revise the lists of prices, and report at the end of 
three months, the men to work in the mean time at the old prices. 
The men rejected these terms, but the masters passed resolu- 
tions approving of the course taken by their executive committee, 
and thus in effect confirming their offer. At a meeting, how- 
ever, on yesterday week, the following resolutions were passed : 
“Resolved,—That considering the present gloomy aspect of 
commercial affairs, caused principally by the financial panic and 
the probability of a continental war, this meeting withdraws the 
offer made to the representatives of the file trade operatives at a 
meeting held in this hall on the 3rd of May. Resolved further, 
—That the works be reopened to the workmen when they are 
willing to come in at the old prices, and in a body. Signed: W. 
and S. Butcher, C. Cammell and Co. (Limited), J. R. Spencer 
and Sons, T. Turton and Sons, Turton Brothers, Spear and 
Jackson, Joshua Moss and Gamble Brothers, G. Fisher and Co. 
Wm. Hall, T. Turner and Co., Lockwood Brothers, John Hil 
and Son, Marriott and Atkinson, John Kenyon and Co., W. K 
Peace, Burys and Co. (Limited), T. Firth and Sons, Mose 
Eadon and Sons, Stevenson, Sorby, and Co., T. Jowitt and Sons, 
Wm. Tyzack and Sons, Bramall and Bedford, J. Beardshaw and 
Sons, Alfred Beckett, Samuel Osborn, Richard Groves and Sons, 
Marsh Brothers and Co., Wingfield, Rowbotham and Co., W. and 
T. Spencer, Edward Cooper, Ear], Smith and Co., Hoole, Stani- 
forth and Co. Samuel Eyre, John Wing and Co., George Whit- 
tles, George Barnsley and Sons, Wm. Spencer and Son, A. 
Spafford and Co., Thomas Russell, John Skinner, A. Stagg, 
Samuel Wing, John Wortley, John Baker and Sons, J. and J. 
Smith, Wm. Makin and Sons, Joseph Fenton and Sons, Benja- 
min Wood, Peace, Ward and Co., Camm, Bagshaw and Co., 
Christopher Johnson and Co., Thomas Makin and Son, Riley, 
Son and Co., Chas. Gray and Sons.” 

Roap-ROLLING.—In the park of the late Sir Culling Eardley, 
at Belvedere, now the residence of Mr. Hanbury, two or three 
miles of new road have been lately made, mostly in chalk, and 
with a necessarily rough surface. Messrs. Easton, Amos, and 
Sons have made a roller weighing 10 tons and about 9 ft. wide, 
which is to be drawn over these roads by one of Aveling and 
Porter’s 12-horse traction engines, and which, there is no doubt, 
will produce an excellent surface. 

THE Roya SOVEREIGN UNDER FirE.—The Royal Sovereign 
has landed her gun from her after-turret at Portsmouth, and 
made ready for the firing test at her after-turret from the 10- 
inch rifled gun now on board the Bellerophon, also lying at 
Portsmouth. No day has yet been named definitely for the 
experiment, but the steel shot have been received at Portsmouth 
Dockyard, the 10-inch gun is mounted on board the Bellerophon, 
the gun has been dismounted and landed from the after-turret 
of the Royal Sovereign, as already stated, and both ships have 
but now to go out of Portsmouth harbour to make the experi- 
ment, 

American Locomotive MAkers.—Mr. Matthew Baird, of 
the large house of M. W. Baldwin and Co., of Philadelphia, is on 
a visit to this country. Mr. W. S. Hudson, of the Rogers 
Locomotive Works, Paterson, U.S., is expected here this summer. 

Woop BEARINGs.—An appeal from the recent judgmer of 

Vice-Chancellor Page Wood, in the cases of Penn v. Jack aud 
Penn v. Bibby, was heard on Wednesday and Thursday, before 
the Lord Chancellor. The case is not concluded. 
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THE FRENCH NORTHERN RAILWAY. 


Tue Paris terminus of the Northern Railway of 
France is, we believe, the largest yet constructed, al- 
though, with the increasing scale upon which railway 
stations are now built, this pre-emmence is not likely 
to be for a long time maintained. The entire front of 
the station buildings upon the Place de Roubaix is no 
less than 890 ft., of which the principal building 
occupies 528 ft., it being understood that these are 
widths taken at right angles to the lines of rails, of 
which ten run into the “ grande halle,” while twenty- 
one lines come into or up to the northern end of the 
station. The length, it is true, is not so great as that 
of several English stations, being 637 ft., while the 
Birmingham station is 864 ft. long, and King’s Cross 
800 ft. The great hall is 229 ft. 7 in. in clear width, 
although this is not in a single span, as will be the 
great roof of 240 ft. of the new St. Pancras station of 
the Midland Railway. 

The Northern Railway of France has not only a 
great through traffic, but also a large suburban traffic, 
near Paris, and separate accommodation is provided at 
the Paris terminus for the two classes. The passengers 
for the danlieue enter from the Place de Roubaix, 
their waiting-rooms being in the centre of the long 
front of the station, and their “salle des pas perdus ” 
a hall 125 ft. by 35 ft., on the left. The passengers 
going beyond the suburbs—including the through pas- 
sengers to England and Belgium, enter the western 
side of the station, between which and the bureaux of 
the administration is a courtyard 375 ft. long and 75 ft. 
wide. The principal vestibule of the station, or “ salle 
des pas perdus,” i twenty-three windows and doors 
looking upon this court, and the vestibule itself is 
291 ft. long and 29 ft. 6 in. wide. The direction of the 
length of this vestibule, it will be understood, is parallel 
with the lines of rails running out of the station; but 
between it and the platform are not only the booking 
and other offices, occupying a width of 14 ft., but a 
range of waiting-rooms 197 ft. long, and occupying a 
further width of 75 ft. 6in., taking the internal dimen- 
sions. Thus there is a width of 120 ft. between the 
outer doors of the vestibule and the wall of the great 
hall. The waiting-rooms are subdivided into twelve 
compartments, of which three towards the southern 
front of the station are given up to the short suburban 
or banlieue traffic, in addition to those overlooking the 
Place de Roubaix. The whole number of fifteen wait- 
ing-rooms is equally divided among first, second, and 
third-class passengers. The twelve principal waiting- 
rooms on the western side of the station are separated 
from each other only by columns and screens. Each 
waiting-room, of course, has its separate door openin 
upon the platform. The luggage-rooms are beyon 
the waiting-rooms, and occupy a space 130 ft. long and 
90 ft. wide. Further beyond these, on the western 
side of the station, is the parcels or “‘ messageries ” de- 
partment, occupying a length of 240 ft., and having a 
double line of rails to itself. 

The up trains to Paris arrive on the eastern side of 
the station, and this forms a complete maze of plat- 
forms and offices ; for there is not only the custom-house 
department, but the octroi as well. For a length of 
235 ft. back from the Place de Roubaix—this being 
the length of the courtyard on that side—a width of 
125 ft. along the eastern side of the station is occupied 
by these offices. The courtyard is 151 ft. wide, and a 
building at its lower end, 151 ft. long and 52 ft. deep, 
contains a perfect battery of offices, or including pas- 
sages, &c., no less than twenty-six on the ground floor, 
and behind these is the halle de la douane, and more 
offices, platforms, lines of rails, and turn-tables. The 
octroi is, of course, peculiar to French traffic, but its 
requirements are not large in the way of space. The 
other offices are, however, far more numerous than in 
any English terminus, and it would indeed puzzle 
most, if not all, of our countrymen to make out what 
many of them are for. If we take the eastern half of 
the great front of the station on the Place de Roubaix, 
we have the following offices occupying a, space of 
175 ft. by 33 ft. on the ground floor alone: chef de 
gare ; commis d’ordre; sous chef de gare ; conducteur 

arrivée ; controle a ’arrivée ; olied de repos; 
vestibule; commissaire de surveillance administration ; 
company’s telegraph offices, with battery-room, sleep- 
ing-room, room for employés, archives, &c.; material 
de poste; chefs de brigade, service ambulant ; gardien 
de | ureau ; changeurs ; poste public ; facteurs ; service 
Sé¢mtaire ; employés’ atelier; consigne de l’octroi; 
consigne de la compagnie. Behind these are other 
Offices, separated from them, however, by a passage for 
pomagee leaving the station. For those who may 
ave to wait for their luggage there are also good-sized 
walting-rooms. The luggage-room for trains arriving 





is 125 ft. square, with eight doors from the platform, 
and eight more of exit to the courtyard. The waiting- 
rooms adjoining form a range 100ft. long by 31 ft. 
wide. The short suburban traffic has a luggage-room 
in the front of the station, those just described bein 
for the through or long traffic. Conveniences essenti 
to all great railway stations are well placed, at no less 
than eight different points; while the three principal 
ones for public use, one for the banlieue, one for the 
arrival and one for the departure platforms, are, of 
course, suitably divided for both sexes. In the great 
vestibule there are also inquiry-offices, a writing-room, 
and a medical department. 

For completeness and excellence of arrangement for 
its purpose, the Paris terminus of the Northern Rail- 
way cannot probably be surpassed. Englishmen would, 
of course, object to the system which excludes pas- 
sergers from the platforms until the trains are ready, 
a system but for which the labyrinth of waiting-rooms 
would be hardly necessary. But the French take it as 
a matter of course, and would not, possibly, be satisfied 
without it. 





RECENT PATENTS. 

Amone the patent specifications published during the 
last week are the following : 

Routledge and Richardson, No. 1602, a.v. 1865, 
patent a mode of treating esparto, straw, and other 
fibre for paper-making. 

Charles T. Porter, of No. 12, Winfield-terrace, 
Chester-road, Manchester, patents several improve- 
ments relating to surface-condensers and the air-pumps 
working in connexion with them. He has, in one of 
the Allen engines working at Even Leigh, Son and 
Co.’s, Limited, near Manchester, enclosed the air-pump, 
and the pipe leading from the condenser, within a 
casing, through which the circulating water goes to 
the condenser. This improvement has been attended 
with much advantage. He also employs the air-pump 
as the force-pump to the boiler, means being provided 
for letting off the air. He also employs a pipe leadin 
into the condenser to supply feed-water when an ad- 
ditional supply beyond that from the condensed steam 
may be required, as sometimes happens. ‘The water 
would then enter the condenser under atmospheric 
pressure, and be pumped into the boiler. Mr. Porter’s 
specification is numbered 1669, a.p. 1865. 

Samuel Godfrey, No. 1672, patents a form of grate 
bars, which, he professes, give more than the ordinary 

roportion of air-opening, as compared with their length. 
Ihe gain, if any, is very trifling, and the bars could 
- be raked out, or allow of a slicer passing between 
them. 

E. K. Dutton, No. 1674, patents a neat measuring- 
tap, by which the quantity of liquid passing through it 
is measured. 

A.C. Stimers, late an engineer in the American navy, 
patents (No. 1677) a mode of fixing condenser tubes. 
They are screwed or fastened by an expanding mandril 
at one end, and are, apparently, fitted without packings, 
and so as to slide freely, as they expand or contract, in 
the opposite tube-plate. How about taking them out 
for cleaning? Nothing, we think, will beat Sewell’s 
arrangement for simplicity and excellence. 

Edward Finch, of Chepstow, No. 1686, patents im- 
provements in rivet-making. The specification is some- 
what voluminous, and those interested in it should send 
for it to the Patent Office. Mr. Finch is a manufac- 
turer of very extensive experience. 

T. L. Jowett, No. 1698, patents bricks with dove- 
tailed recesses in their faces, to enable the plaster to 
hold to them in internal finishing. 

John Whittle, No. 1705, patents scarfed joints for 
railway bars, the scarf being (say) 18 in. long, and sup- 

orted by a joint chair, four bolts being also used. 

as Mr. Whittle ever seen Mr. Adams and Mr. Richard- 
son’s patents? And how will he roll the ends of his 
rails in the manner proposed in his specification, so as 
to give the full thickness of the web on each side of 
the scarf? 

H. M. Kennard, of Crumlin, No. 1709, patents a 
lever rivetting press for forming both heads of a rivet 
at once, the rivets being cut from bar iron. 

Henry Shaw, No. 1710, has solved the problem of 
stopping railway trains. At a cost of probably 50/., he 
has patented the following neat arrangement: Anti- 
friction wheels ‘are to be pressed against the running 
wheels when it is desired to stop, and on the shaft of 
the former, fans are to be mounted! Does Shaw know 
what power is required to work fans, and what would 
be the retarding power of his patent buzzers? If not, 
our boy shall work it out for him. 

Alexander Prince, No. 1733, patents a plan for feed- 
ing blast furnaces, fitted with gas tops and cones, and 
which is intended to throw the larger lumps of iron- 








stone, limestone, &c., into the centre of the furnace. 
The throats of our newer blast furnaces are being made 
larger and larger with the general increase of size, and 
we should be disposed to think that Prince’s invention 
might prove useful. It appears to be very simple. 

illiam Schofield, of Heywood, Lancashire, patents 
novelties in clay retorts. ‘To prevent crackling, he says 
it will be sufficient to mould the retort with a number 
of holes through its sides, and to afterwards fill these 
with pieces of fire-clay or brick. Then, too, he moulds 
in the clay the threads to take the screws which secure 
the mouthpiece. His revolving furnace bars for retort 
furnaces are over ingenious; but we do not wish to 
meena either way upon the first-named feature of 
his invention. 

Louis Faure, No. 1746, believes that it is easy 
enough to essentially mitigate the shock of railway 
collisions, and that it is worth while to carry a won- 
derful paraphernalia of springs extending throughout 
the train, for this purpose. His carriages are several 
feet apart, say 6 or 8, and Faure has the idea that in 
this distance, and with the springs which have formed 
the great feature in so many kindred schemes, a car- 
riage at 30, 40, or 50 miles an hour might be brought 
up comfortably! Our boy shall also make a few cal- 
culations for Mr. Faure, if he will have them. 

Charles de Bergue, No. 1754, patents an apparatus 
as applied to locomotives, to be used when stopping. 
The pistons are to then act as force-pumps, to force 
air into a reservoir, and the compressed air is to 
be taken off to work brakes upon the “non-driving 
wheels.” The invention is by Mr. de Bergue’s brother 
in Spain, and we believe something like it is in use on 
the long descents of the Northern Railway of Spain. 


RAILWAY LEGISLATION. 

Lorp ReEpDESPALE proposes, by a new standing 
order of the House of Lords, to throw out all rail- 
way bills which are not brought forward upon actually 
subscribed capital with a deposit paid down. What- 
ever the general public may know of such matters, 
bankers, engineers, contractors, and parliamentar 
agents are well aware that such a standing order would, 
in effect, amount to a prohibition of railway under- 
takings altogether. . It is not that there are not to be 
aces g those who will put money into a new line, as 
an investment, but the always costly and, in some 
cases, almost interminable course of parliamentary 

roceedings upon railway bills has at last effectually 

iverted capital from projects for which Acts have not 
yet been chinined. At one time capital was offered 
freely for railway undertakings, because a great portion 
of the public somehow imagined that they could cer- 
tainly realise fortunes from railway shares. This illu- 
sion has been long since dispelled, and every one now 
knows that, as investments, railway shares are as 
hazardous as those in companies for most other classes 
of business, while neither the probable nor possible 
return from the former is more than one-half as much 
as from the latter. And besides this, while a dozen share- 
holders, or seven for that matter, can form an omnibus 
company, or a brewery company, or a hotel company with- 
out any Act at all, those disposed to have a turn at a 
railway, holding out but half the inducement in the way 
of possible profit, cannot move hand or foot until they 
have obtained the royal assent. They must begin by 
sinking large sums of money without any certainty 
that they will be allowed to go on at all. Capitalists, 
who cannot be driven by any kind of legislation, have 
set their faces, therefore, against railway projects 
which have not gone through Parliament. They may 
invest at a later stage, but they refuse, and very 
naturally, to be the first in a parliamentary fight. 

Ifthe whole present system of parliamentary inquiry 
could be simplified—if, instead of opposing companies 
whose only object is to defeat competing or encroach- 
ing undertakings, no matter how great may be their 
merits, we could have some representative of the 

ublic interests in the case, railway bills might then 

[ obtained with greater certainty, and possibly 
capitalists might be found to support them. But 
whether this would or would not be so, there 
is now no hope whatever of subscriptions to 
schemes which have not yet passed standing orders. 
Should Lord Redesdale carry his point, there is an end 
to railway extension, “em by the great companies, 
who may, with their shareholders’ authority, subscribe 
in their own corporate capacity to the lines they 
desire to promote. 

The shies is one of national importance, and we 
do not suppose it is to be settled as a mere matter of 
standing orders in the House of Lords. Instead of 
being a matter of form to be met by a standing order, 
it is, of course, one of principle to be met only by 
law, supposing that any change is to be made. 
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THE PATENT OFFICE LIBRARY. 


Pernaps the most valuable collection of engineering 
and mechanical books in existence lies smothered with 
dust in the caverns of the Great Seal Patent Office, 
Chancery-lane. Any one who wishes to do so may go 
there and call for these books, and may read; mark, 
inwardly digest; and take notes to his heart’s content, 
without money and without price—merely entering his 
name in the register ; for he needs no introduction, and 
has only to deal with the library as any gentleman, 
careful of his books, would with his own. Even the 
librarians do not at present know the exact number of 
volumes in their care, but it is between 26,000 and 
30,000, in addition to nearly 55,000 printed specifica- 
tions of patents. The library was eat with Mr. 
Wooderoh’s private collection of 560 or 570 volumes 
of rare and curious books of science. This was in 
1852, and the next year the excellent collection of the 
late Mr. Richard Prosser was added—an addition of 
about 1000 volumes. About 500 volumes have also 
been received as gifts; but the principal portion of the 
library has been purchased from time to time. After 
1857, the Patent Office was limited to an appropriation 
of 800/. yearly for the increase of the library, but it 
happened that nearly twice that amount was actually 
expended, until Mr. Edmunds, at a later period, put a 
stop to all purchases whatever. 

No proper catalogue of the library exists, but Mr. 
Atkinson, the chief librarian, has for a long time been 
engaged in the preparation of one upon an adequate 
scale and system of classification. This work, of which 
we have seen a portion of the proof-sheets, will form 
a general catalogue of the library of the Patent Office, 
in which the accessions of each year (whether by gift 
or purchase) are distinguished, the titles of works fully 
entered (with the addition of needful descriptive 
matter), and the entries consecutively and permanently 
numbered for convenience of reference. This catalogue 
will be accompanied by the following derivative special 
catalogues and indexes: 1. Alphabetical or name cata- 
logue, or, as it is sometimes called, the finding cata- 
logue, being an index to the authors, editors, and 
translators, with an abridged title of each work. 2. 
Index to the subject or subjects of each work. 38. 
Classed lists (Catalogue raisonné), devoted to special 
subjects, each list forming a separate publication, for 
free distribution, several of which are now ready. 
4. Special catalogue of the periodical literature, in- 
cluding transactions of societies and reports of judicial 
proceedings, accompanied by an index to the subjects 
of all articles or papers contained in this class of works, 
with a register of the names of the authors, editors, &c. 


ELECTRIC TELEGRAPHS IN INDIA. 
Past experience of the working of the Indo. 
European telegraph, and of the various Government 
lines in India, shows most clearly the great necessity 
for a thorough and comprehensive re-arrangement of 
the whole system. The commercial importance of 
punctiial and speedy telegraphic communication can- 
not be over-estimated, and the modes in which such 
coihinunication, both throughout India and in con- 
nexion with Europe, can best be improved and ren- 
dered more certain are matters of the greatest public 
interest. The whole subject will doubtless receive 
that consideration from the Select Committee of the 
Howse of Commons on East India Communications, 
now sitting, which its importance demands. In the 
mean time it may not be uninteresting to take a review 
of the past services performed by those telegraph lines. 
The extent of trade between India and Europe, 
as shown by the fact that during the past 
year 16,380 messages were sent by the mercantile 
community and others, exclusive of Government 
miessages, over the Indo-European line, and the 
certainty that the demand for its use, if properly con- 
ducted, will rapidly and very greatly increase, prove 
the great importance of that line. The Sisaa- 
vantages hitherto attaching t» the use of it are the 
numerous lites which a message has to traverse in 
Europe, and the difficult nature of the country through 
which the line passes in Asia Minor. The greatest 
drawback, however, to this line has been the per- 
sistency with which some of the telegraph companies 
have continued to employ the Russian route long after 
it has been proved utterly useless for such purposes. 
From returns presented to the House of Commons 
it 1863 and in the present year, we gather the follow- 
ing interesting particulars regarding the progress made 
in constructing the Government lines in India, exclu- 
sive of the Indo-European line, together with the ex- 
penditiire incurred in, and the receipts obtained from 
them. The first year in which any of these lines was 





opened was 1851-2, when 82 miles were in use in the 
Bengal Presidency ; in 1853-4 that extent of line had 
only been increased to 91 miles, and all still in Bengal ; 
but the following year showed a great increase, no less 
than $255 miles being open in 1854-5, of which 2131 
miles were in Betigal, 641 miles in Bombay, and 483 
miles in Madras. In the succeeding year, a great 
portion of the Bengal lines appear to have been closed, 
and 1739 miles were open in the North-Western Pro- 
vinces and Punjab, and 216 miles in Pegu. In 1856-7 
telegraph lines were open in Central India, the follow- 
ing year in Indore, and on the East Coast ; and in 1858-9 
Scinde, the South-East Coast, and Dacca were added 
to the list of districts in India furnished with the elec- 
tric telegraph. At the expiration of the last-mentioned 
year there were 9093 miles of telegraph lines open ; in 
the following year 10,436 miles were open; in 1860-1 
there were 11,030 miles; in 1861-2, the same; in 
1862-8, 11,277 miles ; and by the end of 1863-4, which 
is the last year of which the returns give any informa- 
tion, the number of miles of telegraph limes open 
throughout India was 11,736, and the number of 
offices 158, of which, however, ten were only occasion- 
ally opened. 

The gross expenditure incurred in India during the 
last two years, viz., 1862-3 and 1863-4, was 414,829/., 
which sum was made up as follows: Expenditure on 
account of construction, 105,9007:; on account of 
working, 268,253/. ; and amount of inefficient balances 
remaining unadjusted on 30th April, 1864, 40,675/. 
The total expenditure incurred from 1850-1, to 30th 
April, 1864, was, in India, 881,059/., and, in England, 
on account of the purchase of stores, freights, &., 
585,0217, making a total expenditure on all accowits 
: 1,466,080/., or nearly one million aiid a half ster- 
ing. 

In two oily out of the eleven circles into which 
India is divided have the receipts exceeded the expen- 
diture made on account of votking and maintenance, 
exclusive of construction, and these are Bengal and 
Bombay. Ih the former circle the working and main- 
tenance during the two years, 1862-3 and 1863-4, cost 
35,230/., and the receipts amounted to 43,3127., show- 
ing a surplus of 8082/., and in the latter the cost and 
receipts were respectively 30,3367. and 48,705/., show- 
ing a surplus of 18,3697. In the Madras circle the 
working of the telegraph shows a deficit of about 17007., 
and in all the other circles combined there is a deficit 
of 125,7477., for the two years, making in all, as the 
result of the two years’ Sethe, a total deficit of about 
101,000/.; or at the rate of rather over 50,000/. a year ; 
and if to this be added interest at 5 per cent. per 
annum on the capital expended on construction, pur- 
chase of stores, &c. (namely; 1,151,5147.), the anniial 
loss to the State on the working of these lines is about 
108,000/. Surely it is quite time some inquiry were 
made into the cause of so large an annual deficit in the 
working of these lines. 








BROADSIDES v. MONITORS: 
To THE Epitor oF ENGINEERING. 

Str,—The advocates of the turret system argue as if it were 
an axiom that their armour and light guns were the necessary 
conditions of the broadside system. It may be true that our 
Warriors and Bellerophons could not carry a thickness of 15 in. 
of attnour; but if such a thickness be necessary, it is quite 
sible to construct broadside vessels having but a portion of their 
hulls above water, being cut down fore and aft so as to be flush 
with the water. The external appearance of such a vessel would 
be very much that of the Winans yacht. 

Let us take a case for comparison : 

A vessel 300 ft. long, cut down fore and aft, has her central 
ortion, 120 ft. long by 50 ft. wide, plated with 15in, armour. 
This ye poses portion, having the corners rounded off, would be 
capable of mounting sixteen guns of the heaviest class. Taking 
the depth of armour plating as 9 ft. and its length 310 ft., we 
have 310 x 9=2790 square feet of armour, weighing 747 tons. 

Sixteen guns, weighing (say) 30 tons each, gives 480 tons 
more, making the combined weight of guns and armour 1227 
tons. Now a monitor vessel of four 26 ft turrets, mounting two 
guns apiece, would require the same weight of armour as the 
broadside vessel that is 747 tons; adding 240 tons for the weight 
of guns, we have a total of 987 tons for guns and armour. To 
make the comparison just, we should add the weight of gearing 
and diagonal supports of the turrets, which we may guess as 
weighing 15 tons for each turret. 15x4=60 tons. 987+-60 
=1047 tons in the turret ship as against 1227 tons in the broad- 
side. Thus, for an extra weight of 180 tons, we have double 
the number of guns in the broadside vessel. This alone would 
give it a manifest advantage in a general engagement. 

In other respects the broadside vessel presents many features 
which render it preferable to the turret. It exhibits the prin- 
ciple of concentration as much if not more than its rival, for the 
four 26 ft. turrets would occupy a length of 122 ft. if placed only 
6 ft. apart. The advantages which the broadside vessel possesses 
in having a long, light, and airy messing and sleeping-room, its 
simplicity and non-liability to derangement, its greater strength 
in the hull, and convenience for navigating under sail, are obvi- 
ous, and require no further remark from ine. 

I am, Sir, your obedient Servant, 

London, May 30, 1866. E. W. Y. 





Tue “ AEREON,” oR Fiyrnc-Suip.—Will she go? Yes orno? 
We have received from Dr. Solomon Andrews a circular addressed 
to the editors and proprietors of the New York press, in which he 
says that during the summer of 1865 he presented to each of the 
daily papers and several weeklies an engraying of his first 
‘‘aereon,” and a copy of his pamphlet, entitled, “ The Art of 
Flying:” Of five papers which noticed it, four ridiculed the in- 
vention and the proposal to form a company. Nevertheless a 
company is formed, a second ‘‘aereon” is now ready for flight, 
at the corner of Greene and Houston-streets, New York; and he 
cordially invites the editors and proprietors to visit and inspect 
it, and to answer the following questions: Ist: “ Is aérial nayij- 
gatien possible?” 2rd. ‘ Will the principle of this invention 
render it practicable?” 3rd. “ Will such navigation supersede 
land-carriage and steam-power in carryin ngers?” 4th, 
“Will it compete with water-carriage, locfading ocean naviga- 
tion, in transporting merchandise, and hence revolutionize the 
commerce of nations?” He adds: ‘I have long been conviticed 
that we stand greatly in need of a capable and impartial umpire 
to decide upon the relative merit of untried inventions. The 
history of important inventions presents an unbroken chain of 
incidents wherein the inventor has met not only the calumny 
and scorn of his associates, but of the entire press, until success 
bas crowned his efforts. Fearing that the press of to-day is not 
ati exception, I address you these inquiries for the purpose of 
placing your answers upon record, and of ascertaining whether 
the press of New York be capable of deciding, @ priori, upon the 
merit of my invention, now that it is before you, ready for a trial 
trip.” —American Artisan. 

NUMERALS OF DirFERENT §1ZEs—As the decimal system 
of notation is supposed not to be universally understood, it may 
be well to consider whether we can render it clearer by intro- 
ducing into numerals distinctions in size and shape analogous to 
the distinctions between capital and small letters, If in printing 
sums of money we used common figures for the dollars, and 
figures of smaller size for the cents (as is often done on cou- 
pons), it would be more easily understood by persons who are 
not familiar with decimal notation, arid even experts might 
sometimes be saved from errors of sight ; so if decimal fractions 
were generally, or always, printed in smaller type, it would con- 
tribute to clearness and to prevent mistakes; and it would avoid 
a difficulty which, without sufficient reason, is thrust upon us in 
mahy recent mathematical or partly mathematical works in 
which the decimal point has been changed from 4 period to a 
comma—the — eing wanted for another use. And in the 
printing of the time-tables of ra.lways it might also be an 
improvement to print the minutes in small type; for example, 
12,, instead of 12.30, to express half-past twelve; and $25,, 
instead of $25.16 or $25 and 16 cents. In decimals generally 
it would be easier and surer for the eye to distinguish them if 
they were printed thus 452;,547; instead of 452.87347. We 
suggest this for the consideration of editors, and others con- 
cerned, hoping that, if the idea be deemed sound, there may be 
an expression of opinion upon it. Of course it would be impro- 
per to attempt the introduction of such a change without pre- 
vious discussion and a conventional agreement upon it— 
American Artisan. 

PROPERTY IN THE City or LonpoNn.—In a compensation 
case, ‘Gentry v. the Great Eastern Railway,” some evidence was 
given as to the value of property in the city of London. The 
claimant was a tailor, who had carried on business in Liverpool- 
street. Mr: Gentry had a lease of the property from the corpo- 
ration of London at 867. 4 year, and 14 — were unexpired. 
According to the evidence the present value was from 160/. to 
170J. a year, let out in rooms, and by & lease from 120/, to 1251, 
so great had been the increase in the value of property in the 
city of London. The claimant had removed to other premises, 
and one of the items of the claim, which exceeded 18002. was for 
loss of business by the removal, The jury gave a verdict for 
10262. 4s. 

Tue Lock-our on THE CLYDE.—The trade dispute between 
the masters and men in the shipbuilding and engineering 
establishments on the Clyde is still unsettled, but an impression 
prevails, strengthened by the result of meetings held in Glasgow 
on Friday, that the lock-out will terminate long before the three 
months specified by the employers. At one of the meetings, 
consisting of about 1200 or 1400 boilermakers and rivetters, Mr. 
Swan, a delegate from Manchester, and representing the Amal- 

amated Society of Engineers, delivered a long address, in which 
fie tried to dissuade the men from emigrating, and counselled 
them to form a fund which would enable them to go about idle 
till the masters got tired, and opened their shop doors again. 
Mr. Swan promised, in the name of the society, 10002. or 2000/, 
as a commencement, but he said the funds were in a position 
to stand a much heavier drain than that, At the close of 
his speech it was resolved that the employers be asked for a 
reduction of the hours of labour to 57 hours per week, for 
57 hours’ pay, and that. an advance of 5 per cent. be re- 
quested upon the present rate of wages. It was also re- 
solved not to sign any document such as that before Mr. 
Napier’s men, requesting them to give no support to the 
men locked out; and, finally, that “ piecework and systematic 
overtime, evils and curses of the trade,” should be abolished alto- 
gether. A meeting of delegates from various trades was held in 
the evening, at which a proposal of the Amalgamated Society of 
Engineers, identical with that passed at the day meeting of the 
boilermakers—namely, 57 hours’ work for 57 hours’ pay, and a 
request of an advance of 5 per cent. on the wages at present 
given, was brought forward and discussed; but a counter mo- 
tion, making the resumption of work by the men conditional on 
their getting the advance of 5 per cent., was carried on a division 
by 76 to 24. A compromise similar to this was, however, re- 
jected by the masters a week or two ago, and it is by no means 
improbable that, should the masters pert in their refusal, the 
men may ultimately come to adopt the Amalgamated Society's 
proposition, which simply requests the advance of 5 per cent., 
and does not make it a condition of resuming work. The masters 
have no objection to the short-hour system, for at one of the 
interviews which tcok place with the men previous to the lock- 
out they offered to reduce the working hours to 57 or to 55 
during the summer months. In the mean time large numbers 
of the men are leaving the district, and a fund of 2000/. has 
been formed, and will probably be doubled, if need be, to assist 
those who may wish to emigrate. 
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A TRIP TO AMERICA.—No. IV. 


Buiazine hot! 


house and banking-palaces of Wall-street, marks 
130 deg. But nature is kind in its compensations. 


The dripping ice-wagons went through the streets not 


long after sunrise, and they left behind them, at the 
doors of their customers, great cubes of crystal from 
Rockland Lake, soluble in thousands of brandy-smashes, 
mint-juleps, and sherry-cobblers. And the multitude 
in Broadway gravitates to the western side, under the 
awnings ; and thousands drop in at Delmonico’s and 
at Taylor’s, those splendid temples of Epicurus, so 
guadly planned for tropical’comfort, so vast in length, 
width, and height, so gorgeous in their gilded 
columns, and frescos, and mirrors, and so inexhaustible 
in all that can comfort sweltering humanity in weather 
like this. Gentlemen in bleached linen coats and 
trowsers and Panama hats, and gentlemen in thin 
alpaca suits, and protected by umbrellas of patriarchal 
proportions; ladies in all the glories of Parisian 
millinery, with the addition of all the coquettish gear 
which pertains to the fashions of the western 
metropolis. Dickens wrote, a quarter of a century 
ago, in his “ American Notes,” that the ladies of New 
York were “ singularly beautiful.” Unquestionably. 
While we admire them, we shall have half a cold fowl, 
with iced champagne and strawberries, at Delmonico’s, 
and we shall then visit Paterson, seventeen miles 
distant. 

The great ferry-boats, with their lofty lounging 
rooms overlooking the water, ply swiftly to and fro 
across the Hudson, a mile and a half wide, between 
New York and Pavonia, where we enter the luxurious 
train of the Erie Railway, and are soon in the cool 
depths of the Bergen tunnel, to emerge in the broad 
aiier of the Hackensack beyond. Further on we pass 
Boiling Spring, and then we are over the Passaic river, 
and on, ans pretty Dutch homesteads nestling in 
orchards and wood, to the city of Paterson; for the 
manufacturing town of 25,000 inhabitants boasts all 
the dignity of incorporation. 


Paterson, at the great falls of the Passaic, is one of 
the most thriving manufacturing towns in New Jersey, 
and it may be considered as the seat of the American 
locomotive manufacture, founded here, in 1837, by the 
late Thomas Rogers. Nearly 2000 locomotives have 
been made here, and the Paterson style of engine, 
which is now. closely copied by other makers, is to be 
found in all parts of America. 

The Passaic is a river 70 miles in length, navigable 
for but twelve miles fromthe sea. At Paterson it falls 
70 ft., of which 50 ft. are in a single cataract, the 
water pouring into a tremendous cleft in the trap rock, 
and the direction of the river being twice completely 
reversed within a distance of 200 yards. Within 
50 yards of the foot of the cataract a lofty bridge spans 
the boiling waters, and while this Jeads to a romantic 
pleasure-ground with its greensward shaded by stately 
trees, all around are beetling rocks, cleft in every di- 
rection, as only an earthquake could have torn them, 
and presenting a scene of savage and even fearful 
jr se and desolation. A short distance above the 
great fall a heavily framed timber dam is bolted to the 
rock which forms the river bed, and from above this a 
canal conveys the water to the manufactories in the 
town below. The canal is upon three separate planes, 
with an available head and fall of 22 ft. between each 
successive pair, thus giving a total fall of 66 ft. Nearly 
all this water is worked upon large breast wheels, 
which drive about twenty small cotton-mills, paper- 
mills, &c., and four or five engineering and locomotive 
factories. 

Paterson was founded in 1791 by an association 
formed for the purpose of fostering American manufac- 
tures, the project being that of Alexander Hamilton, 
who was then Washington’s Secre of State. In 
the previous year, Samuel Slater, who had gained all 
his knowledge of cotton-spinning as a workman at 
Messrs. Strutt’s, of Belper, near Derby, had set up the 
first cotton factory in America at Pawtucket, less than 
40 miles from Boston, New England, and the rising 
importance of the cotton trade, although New York 
itself was then but a town of 34,000 inhabitants, natu- 
rally led to further enterprises. The Paterson specu- 
lation, although backed by a million dollars, was a 
failure, nor was it until forty years afterwards that the 

oe began to acquire seal importance for its manu- 
ures. 

The locomotive factories are the Rogers Locomotive 
and Machine Works, carried on by the sons and suc- 
cessors of the former large firm of Rogers, Ketchum, 


Here we have it, day after day, 
98 deg. in the shade, and the mercury, exposed in the 
reflected heat of the sun from the white marble Custom- 


'and the Danforth Locomotive and Machine Works; 
and each of these establishments has also made large 
quantities of other machinery. 

The American locomotive is almost as unique as the 
American steamboat. It has, of course, many parts in 
common with English engines, but it is, nevertheless, 
different in design, in finish, and in appearance. It 
has, invariably, outside cylinders, a handsomely framed 
and glazed house for the driver, and a great casing 
around the chimney, formed to catch and retain sparks. 
These, and a cowcatcher and a bell, give a special ex- 
terior to American engines, which is noticed by even 
the most careless English visitor. But the American 
engine has other distinctive details, some of which we 
are adopting on English railways. As now built at 
Paterson, it has always outside cylinders, slightly in- 
clined, and laid between the truck or bogie wheels, 
which are spread to a sufficient distance for the pur- 
pose. It has four coupled wheels for passengers, and 
either four or six coupled wheels for bad in addition to 
the bogie ; the springs of the separate pairs of coupled 
wheels are connected by compensating levers, which 
have been constantly used by American locomotive engi- 
neers since they were employed by Joseph Harrison, the 
great Russian railway contractor, and the patentee of 
the Harrison boiler, thirty years ago, or fourteen years 
before Messrs. Hawthorne patented them here. 
Joseph Harrison was, indeed, the real designer of the 
Norris engines, which, about twenty-five years ago, 
were ordered by the late Captain Moorsom for the 
then Birmingham and Gloucester line, now a part of 
the Midland Railway. 

The Paterson engines have about the same dimensions 
of firebox and boiler, in proportion to the cylinders and 
intended speed of the engine, as prevail in England. 
Many of their engines burn wood fuel, and these 
have iron fireboxes, formed of plates seldom more 
than } in. thick. If ,5,ths iron be used, it is considered 
apt .to blister, and, indeed, it is on*account of the 
tendency of the thicker iron to blistering that the 
thinner gauges are used. For bituminous coal the 
firebox is of copper; but for anthracite coal the de- 
crepitation of the fuel, and the consequent chipping 
action of the flying particles, again compels the use of 
iron or of steel. “Phe iron tube-plates are sometimes 
as thin as jths in., and they are rarely over } in., 
while copper tube-plates, which are not often used, are 
#in. thick. The tubes are more commonly of copper, 
occasionally of brass, and for coal-burning engines as 
often of iron. The boiler iron, we should say, is pre- 
ferably English iron—say Lowmoor or Bowling—for 
the Me» ol and the cold-blast charcoal Penn- 
sylvania plate for the barrel. There are generally two 
steam domes to the boiler, and, from the arrangement 
of the regulator, the steam is drawn almost equally 
from each. The boiler is lagged with thin sien dali 
sometimes with a coating of felt, and over the whole 
is a casing of the thin and beautifully planished 
Russian iron, in so common use in America, although 
the mode of making it is a secret there. The steam 
domes, and often the firebox casing, are covered with 
planished brass, and the same glittering protection is 
extended to the cylinders a slide-valve chests, the 
sg being almost invariably on the top of the cylin- 

ers. 

The cylinders are generally fastened, not only to 
the frame bars, but to a heavy cast-iron bed-plate or 
“saddle,” which, in its turn, is firmly bolted, not only to 
the framing, but also to the under side of the smokebox. 
The fastening of the cylinders involves ‘some little 
weight, the saddle weighing half a ton, but it is one of 
the best jobs of the American locomotive, and, with 
carefully turned bolts and rimed bolt-holes, the cylin- 
ders never work loose. One of these cylinder fasten- 
ings is shown and described in EnGrnEERING for May 
11th last, page 312. 

The framing is generally of the truss variety, 
originally adopted by James Rad ng whose engineer- 
ing was always attributed to Edward Bury. The 
— axleboxes bear, not against the wrought-iron 
legs of the frame, but against cast-iron wearing pieces 
with which the axle —_ or hornplates are faced. 
On one side of the axle these wearing pieces are made 
ry ae and they have tightening screws to take 


up the wear. 
The compensating levers and the spri 
hung upon blocks of india-rubber, a detail 
long been regularly adopted in the States. 
he driving-wheels are of cast iron, and are very 
often cast with hollow spokes. The bosses are cast 
whole, but the rim is commonly cut open by a core in 
ann. as to accommodate the unequal contraction 
in cooling. The tyres, if of iron, are generally Bowling 
or Lowmoor, but Krupp’s are now being extensively 


loops are 


which has 





The bogies are now almost universally upon Bissell’s 
lan, as employed upon the Great Eastern, Metropo- 
itan, and other English lines. Mr. Bissell’s improve- 
ment was originally adopted upon the New Jersey 
Central Railroad in 1857, and it has since been widely 
taken up, not only in America, but upon railways in 

all parts of the world. 

erhaps the most remarkable feature of the American 

engines is the chilled wheel, generally used for the 
bogies or trucks of the engine, tender, and carriages. 
These wheels vary in diameter from 30 in. to 36in., 
but 33 in. is the more usual size, and for this size the 
weight is from 450 lb. to 5001b. each. These wheels 
cost, before the war, but 2/. 10s. to 3/. each, ready for 
the axle. So admirably is the compensation for the 
internal strain due to unequal cooling, that they may 
be said to possess a strength not inferior to that of the 
wheels of first-class English rolling stock. At any rate, 
they are employed for the leading wheels of heavy ex- 
press engines, and they run, all through the winter, over 
roads of which the ballast is frozen for months 
together to the hardness of rock. They are of the 
disc or double-disc form, and the nave is cast whole, 
or without radial openings, as were once adopted 
with spoke wheels, the naves in that case being hooped 
with wrought iron. 

The steam pressure is from 120 lb. to 140 lb., and 
occasionally 180 1b. is carried, notwithstanding that 
the boilers, of 4th in. iron, and single rivetted, are 
rather pressed at this limit. The valve gear is now 
universally the link motion, working a block on the 
lower arm of a vibrating rocking shaft, the valve 
working horizontally on the top of the cylinder. The 
valve gear is so adjusted that the piston can take 
steam for more than nine-tenths of the length of the 
stroke, and it can be cut off as short as one-third, or 
perhaps a little less. 

A favourite pattern for goods traffic is the six 
coupled engine with a two-wheeled or four-wheeled 
Bissell bogie. This class of engine has about three- 
fourths of its weight on its coupled wheels, while the 
bogie leads it easily around curves of 10 chains radius. 
The extreme wheel base in these engines will be from 
19 ft. to 22 ft. 

Single pairs of driving-wheels have been tried to some 
extent in the States, but there are not probably half a 
dozen engines with single drivers now running in the 
country, almost all having coupled wheels. Wheels of 
6 ft. diameter were at one time common for passenger 
engines, and 7 ft. and even 8 ft. wheels were tried in a 
few cases. But, at the present time, few, if any,engines 
are ever made in the States, for any purpose, with 
wheels larger than 5 ft. 6 in., and, were it worth while, 
we could give a list of hundreds of engines of which 
the former larger wheels have been changed for this 


,|size. For goods engines, 44 ft. wheels are in general 


use. 

The Ro Locomotive Works are under the 
superintendence of William S. Hudson, an English 
engineer long resident in the States, and who was a 
pupil of George Stephenson. We may see here what 
is called a “ wheel-quartering machine,” the object of 
which is to bore the crank-pin holes of a pair of 
driving wheels, after they are on the axle, exactly at 
right angles to each other, both holes being bored at 
the same time. This machine, designed bv Mr. Wil- 
lard W. Fairbanks, of Taunton, United States, is ex- 
tensively employed in the American locomotive fac- 
tories. It has two headstocks, each having broad ex- 
ternal surfaces inclined 45° from the horizontal and 
vertical. A boring spindle, adjustible to 10 in., 11 in., 
or 12 in. from the centre of the headstock, is fitted to 
the front of one and to the back of the other, the two 
boring spindles being thus necessarily at 90° angular 
distance from each other. Where coupled driving- 
wheels are universally used, this machine serves an ex- 
cellent ose. e shall see here, too, in use the 
pe rn last-engine or blower described in Enet- 
NEERING of January 19th last, page 44, and which 
takes less than half the power of a fan, the former 
running at but 120 revolutions per minute instead of 
1000 or 1500. 
We believe our Yankee brethren make an engine 
better adapted to rough and even to oar lines 
than our. own, and, on the other side, we consider our 
engines simpler and stronger for their work. A 
Yankee boiler would burst by + pry pressure long 
before ours would give way, and yet they carry as hig’ 
steam as we do. 

But we can stay no longer in Paterson. There are 
fine bits of country to the north and north-east ; and, 
indeed, there is the picturesque line of the Erie Railway 
before us, all the way to Lake Erie. Wee shall return, 
however, to New York, and after dinner while away 








aud Grosvenor, the New Jersey Locomotive Works, 





adopted, 





the heat and the evening in the Central Park. 
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PUBLIC WORKS CODE—INDIA. 


Ir is much to be regretted that so little means are 
afforded in this country, for intending candidates for 
appointments in the Public Works Department in 
Tain, to learn the nature and duties of the service, 
before taking that step which may influence their 
entire future in life. Very little information is volun- 
teered from the India Office, and the books and papers 
on the subject, published in India, can only be obtained 
in this country at the cost of some trouble and delay. 
Much. of this convenience might be saved, and a real 
boon granted to. the young aspirants for Government 
employ, if the printed rules: relating to the Public 
Works Department in India were to be purchased, at 
a moderate cost, in England. It shall be our endeavour, 
however, to keep our readers as fully imformed as pos- 
sible of all changes in the rules of the department, and 
to afford as full information as: may be in our power 
regarding the nature and duties of the service. 

he Public Works Department in India may be said 
to date its first organization from about the year 1855, 
when it became necessary to draw up a code of regula- 
tions. for its control'and guidance ; each Presidency of 
Bengal, Madras, and Bombay had a separate code 
drawn up for the guidance of that portion of the 
establishment under its authority.. It will not be 
necessary to notice separately each of these works, but, 
for the reasons stated in a former article, at page 319 
of the present volume, attention will be drawn only to 
the rules affecting the Public Works Department under 
the Government of Bengal, which refer equally to 
members of. the department serving in the North- 
Western Provinces, the Punjab, and all the minor ad- 
ministrations under the direct control of the Govern- 
ment of India. The first issue of this code of regula- 
tions was printed at Calcutta in the year 1858, and the 
appearance of a second edition revised and corrected to 
January lst, 1866, makes this a particularly opportune 
occasion-for noticing the subject. 

The establishment of the Public Works Department 
is divided into two distinct branches, viz., the execu- 
tive branch and the accounts branch. It is with the 
former of these only that we have now to do. 

The executive branch includes all officers and other 
persons necessary for the preparation of designs and 
estimates, the supervision and control of the work 
executed, and the disbursement of money, together 
with office clerks and other persons who are required 
to aid the officers and subordinates of the department 
in the preparation of their accounts, and in carrying on 
eorrespondence and other office work. This branch of 
the department is divided into five establishments, 
namely: 1, Engineer establishment; 2. Upper sub- 
ordinate establishment; 3. Lower subordinate esta- 
blishment; 4. Petty establishment; and, 5, Office 
establishment. As our present object is to furnish as 
much information as passible to those of our profession 
who eoutemplate employment in the service of the 
Government of India, the following remarks will be 
eonfined exclusively to a notice of those rules which 
affect the first or Engineer establishment. 

The civil salaries attaclied to the several classes and 
grades of the Engineer establishment have already 
appeared in this journal, and will be found at page 319 
of the number for the 18th of May last; it will not, 
therefore, be necessary to recapitulate them here. In 
addition to those salaries, the following allowances are 
also made : 

Civil members of the department, when stationed at 
Calcutta, will receive presidency house-rent at the 
following rates: superintending engineers, 6/. per 
mensem ;~ executive engineers, 4/. 10s.; assistant 
engineers, Ist grade, 3/.; and assistant engineers, 2nd 
and 3rd grade, and apprentices, 2/. per mensem. In 
addition to which, also, officers of the engineer esta- 
blishment below the rank of executive engineer, Ist 
grade, are allowed to draw the salary of the grade next 
above that in which they are regularly classitied. 

Travelling allowances will be granted to the officers 
of the Engineer establishment, under the following 
rules, and these allowances will in all cases be in addi- 
tion to the regular departmenta' salaries : 

lL. No travelling allowance shall (éxeept as provided 
for in Rules Tf. and LV.) be granted in any case 
where an officer does not proceed to a greater distance 
than five miles beyond the boundary of his station or 
from his ordinary residence, permanent or temporary, 
or standing camp. z 

IL. For beaediing on public duty, any distance not 
exceeding 20: miles (whether, as in an excursion, 10 
miles out and 10 baek, or the whole in one direction) 


in one ‘day, officers shall (subject to the limitation of 


Rule I.) be allowed as follows: chief and superintend- 





ing engineers, 12s. per diem; executive engineers and 
superintendents of works, 10s.; and assistant engi- 
neers and apprentices, 8s. per diem. This allowance 
is, in each case, to cover all: expenses, including the 
provision of tents or boats, and other travelling 
equipage. 

III. The same allowance shall be passed to an officer 
halting,and obliged to maintaincarriage forhistents com- 
plete, or to continue to pay the hire of the crew of a boat, 
or the hire of a full set (eight) of palkee bearers, provided 
that when within 10 miles of his ordinary residence, 
permanent or temporary, he does not halt more 
than three days. Mravelling allowances are not ad- 
missible, under this rule, to officers halting, when in- 
spection-houses are provided by Government, unless 
specially sanctioned by the superintending engineer. 

V. An officer halting, who does not keep up 
carriage, &c., to enable him to draw halting allowance 
under Rule III. may, under similar restrictions, with 
regard to length of halt when near head-quarters, be 
allowed half of the above allowance. 

V. For travelling, on public duty, any distance 
greater than 20 miles (whether as an excursion or the 
whole in one direction) in one day, officers shall (sub- 
ject to the limitation in Rule I.) be allowed 1s. per mile 
for the whole distance travelled, in lieu of the daily 
allowance under Rule II. ; but ifany part of the distance 
be travelled by railway, the allowance for such portion 
will only be at the rate of 3 annas (44d.) a mile. 

VI. When an officer makes a journey by post or 
railway, leaving his camp standing, he may draw 
allowances under both Rules III. and V. The fact of 
the camp having been removed from one place to an- 
other during the absence of the officer will not pre- 
judice the claim to both allowances. This rule extends 
to all cases in which an officer travels by rail, and 
necessarily sends his tents by cart; but when a rail- 
way is available for the latter, that mode of conveyance 
is to be adopted, when allowances can be drawn under 
Rule VII. In case of transfer, the mileage rate, or 
daily rate only, will be admissible under Rule IX. 

VII. Officers travelling on duty by rail, when 
obliged to carry their tents with them, are permitted 
to charge the actual cost of carriage of such tents in a 
contingent bill, supported by proper vouchers, in ad- 
dition to the 3 aunas a mile slowed under Rule V. to 
cover personal expenses, ‘The counter-siguature of the 
superintending engineer will be requisite, as in other 
bills, for travelling allowances. 

VIII. As an exceptional arrangement, officers, when 
travelling on duty, and taking their horses with them, 
the necessity for so doing being fully explained and 
admitted by the chief engineer on each occasion, may 
recover the actual railway charge incurred on this ac- 
count, in addition to their wien travelling allow- 
ances, in a contingent bill, as in the preceding rule. 
In no case will more than two horses be permitted to 
be thus carried for any officer at the public charge ; and 
under ordinary circumstances, all horses should be sent 
to their destination by the ordinary roads. 

TX. An officer transferred from one situation to 
another, whether on promotion or not, will be allowed 
ls. a mile as travelling allowance to join his new ap- 
pointment, for all journeys exceeding 20 miles a day ; 
for shorter journeys, or for portions of journeys per- 
formed at a less rate than 20 miles a day, allowances 
under Rule 11. may be granted. ‘These allowances will 
be payable from the new office after joining. If an 
officer is transferred while on leave, he is allowed 
travelling allowance to join his new appointment, either 
from his old station or from the place where he receives 
the order, whichever may be the least expense to 
Government. 

X. Officers of the Royal Engineers, passed students 
of the civil engineering colleges appointed to the Engi- 
neer establishment, and civil engineers under covenant 
with the Secretary of State, will be allowed travelling 
allowance under Rule IX. for joining their first appoint- 
ments in the Public Works Department. The Satter 
class of officers will also be reimbursed all reasonable 
expenses incurred on their way to India, on bills being 
mabmitted. 

XI. In the case of chief engineers, superintending 
engineers, and assistants to chief engineers, the travel- 
ling allowances shall be passed on Pills supported by 
statements of the places visited, with the dates of 
arrival at and departure from each, and of the distances 
travelled, with a certificate by the traveller that the 
journeys were performed in the discharge of public 
duty. 

XII. In the case of executive engineers and assist- 
ant engineers, the charges shall be passed on the sub- 
niission of journals showing, in addition to the par- 


ticulars required in Rule XL., the object of each journey, 








the duties performed, and the results of the inspection 
made on each day. The journals of assistant engineers 
must be passed on to the superintending engineer b 
the executive engineer, with any remarks he may think 
proper, and all journals must bear the counter-signa- 
ture of the superintending engineer, in token of his 
belief that the journeys were properly undertaken in 
the performance of public duty, and that carriages for 
tents, boats, establishment, or a set of palkee bearers, 
was necessarily kept up in those cases in which charges 
for the same have been made. 

An officer appointed to officiate in any appointment 
in regular course will be entitled to travelling allow- 
ances under the rules applicable to that appointment. 
This, however, does not apply to the case of persons 
holding mere temporary charge of offices or appoint- 
ments consequent on any sudden casualty or vacancy. 
An officer travelling on public duty is not entitled to 
occupy Government staging bungalows free of expense, 
nor to charge the expense to Government when he is 
in receipt of travelling allowances. 

No officer is exempt from the payment of tolls, un- 
less he has received a special exemption from the local 
Government or administration, or from some officer 
vested with the power of granting such exemption. 

When officers of the Engineer establishment travel 
at the public expense in private sea-going vessels, the 
actual passage money wit be allowed, but when pro- 
vided with a passage in Government vessels the sum 
of sixteen shillings per diem table money will be 
allowed by Government to the commander of the vessel, 
which amount will be recovered in full from those 
officers whose salaries exceed 60/. a month, but only 
half that amount will be recovered from officers whose 
salaries do not exceed 60/.a month. No travelling 
allowance is admitted in such latter cases. For 
journeys by private river steamers, travelling allowance 
is admissable to officers of the Engineer establishment, 
at the usual mileage rate. 

The following rules affecting the personal conduct 
and interest of persons employed in the Public Works 
Department are also taken from the Public Works 
Code, and are important to be known to those thinking 
of seeking employment therein : ; 

No person employed in the Public Works Depart- 
ment shall have a personal pecuniary interest, directly 
or indirectly, in the construction of any building, or 
performance of any engineering work, or in the manu- 
facture, supply, or sale of building materials. 

Serious cases of misconduct or neglect of duty on 
the part of officers of the Engineer establishment, 
serving under a local administration, will be reported 
for orders to the Government of India, and all cases 
which would render an officer of this establishment 
liable to removal from the department must be reported 
by the local Governments, ie to the Government of 
India, which alone has the power of enforcing such a 
measure. Less important cases may be disposed of as 
may be suitable, by the executive engineer, the superin- 
tending engineer, or the chief engineer, or by the local 
Government or administration. Members of the 
Engineer establishment serving under a local adminis- 
tration may be suspended by it from employment, but 
can only be removed from the department by order of 
the Government of India. The promotion of persons 
of all classes may be stopped, or their reduction to a 
lower grade may be ordered, as a punishment for mis- 
conduct or neglect of duty, at the discretion of the 
local Government or administration, or the Government 
of India, according to the authority under which the 
appointment of the individual concerned was made or 
is held. Any person whose conduct is undergoing in- 
vestigation on a serious charge should be placed under 
suspension until his case is decided ; and, except with 
the sanction of the Government of India, no person 
shall be allowed to resign his situation while his con- 
duct is under investigation. ; 

When any officer is reported by the superintending 
engineer to be incompetent or disqualified from any 
cause for his public duties, the chief engineer, aiter 
satisfying himself of the facts of the case, must, if 
necessary, forward a specific statement of the facts of 
the case to the local Government or administration, 
together with any explanation the person deemed in- 
competent may have to make, for which he must be 
afforded opportunity. The local Government or ad- 
ministration will deal with the case in such manner as 
it may deem suitable. 

Officers of the Public Works Department, whether 
civil or military, residing in any cantonment under 
proper authority, or in the immediate vicinity of can- 
tonments where there is no civil surgeon at the station, 
are entitled to gratuitous — adviee from the 
staff surgeon; but where there is a civil surgeon, those 
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residing outside of a cantonment are entitled to 
attendance from him under like rules. In the case of 
severe sickness of any individual of the Engineer 
establishment, at a distance from any station, the 
executive engineer, or an assistant engineer, is autho- 
rised to send to the nearest station for a civil surgeon ; 
but the sick person shall, as soon as possible, be re- 
moved to the civil station, as the medical officer must 
not be kept long away from his post. 

It is impossible to give all the information we could 
desire to extract from the Public Works Code within 
the limits of a single article ; therefore, feeling’ that the 
subject of which it treats is of very great interest to 
many young members of our profession, we shall return 
to it on 'some future occasion. 








UNDER THE CHESNUT TREES. 


Like the steam-engine itself, must its maker go 
on working till he is worn out? Shall the whole life 
of the civil engineer be as the last week in November 
in a large office in Westminster, with the clock at the 
private bill office ticking stealthily yet remorselessly 
on and on, till the first stroke of eight in the evening 
of the last day of the month? He may love his pro- 
fession, and the work, even the over-work, which 
comes of it, though it be in the small hours and the 
grey dawn, when principals, and assistants, and 
draughtsmen, and messengers are hard at it, and when 
the stimulants of cigars and strong coffee, if not yet 
stronger liquids, are in request to stave off the demands 
of tired nature. But it is a hard task that is never 
done, and without stretching the vision to the shadow 
bourn where all will have rest alike at last, we may loo 
forward to the time when we are done with standing 
orders, and committees, and contracts, and consulta- 
tions, when there shall be a truce to bridge-build- 
ing and embanking, and to boring the pre-Adamite 
rocks, and when others must put on our harness and 
work with steam, and fire, and gunpowder, as we have 
done. We make no boast of hard work, but none 
know better thay engineers what it means, and their 
labours cannot be too well repaid. For whether the 
master be duty or painful necessity, or that hardest of 
all taskmasters, ambition, constant work is the lot of 
the engineer in practice, and his own share is but a 
mite in the glorious reward which it brings to all 
mankind. 

Let him, then, look forward—as to a repose which 
he will have well earned—to his coming quiet under 
the chesnut trees. It is a poor practice, after all the 
work and worry, which will not buy a country home 
somewhere ; for, although we may make our money in 
town, we had rather enjoy such happiness as it may bring 
us far down in the.counties or by the sea, where, with 
rest, and hospitality, and good country life, we may 
feel that we have gained the common object of all 
toiling humanity at last. 

We have said on a former occasion, and we will not 
ask you to refer to the date and the page, that engi- 
neering ‘is, after all, the science of life and of living 
prosperously and worthily. Of all homes, then, the 
engineer’s should be the most delightful. Whether 
among the rich country of Buckinghamshire or War- 
wickshire, or down by the sea in Kent or Sussex, or 
in the sheltered beauty of the Undercliff, or on the 
stately coast of Devon, or whether it be amid the 
swelling landscapes of Yorkshire or the grand hills 
of Scotland, it should combine all the charms of na- 
ture, of cultivation, and of that best and purest art, 
which improves instead of sacrificing natural-beauty. 
Whether it be a domain of five or five hundred acres, 
the engineer’s country home should combine, to the 
greatest possible extent, the charms of hill and vale, 
wood and meadow, rock and stream, with the utmost 
distance and variety of view. And the engineers have 
a wide choice. Estates founded and embellished by 
noblemen come sometimes into their possession, and 
we could, if we chose, name many instances. And 
there are others, homes of the engineers, which even a 
prince might envy. Is not West Shandon one of 
these ? 

Every grand old oak, anchored broad and deep in 

e earth beneath, and towering and spreading in 
feudal majesty aloft and around, is worth much pro- 
fessional labour. Nature refuses to be manufactured, 
and although we may possess ourselves of her beauties 

Y purchase, we cannot create them. Give us a house 


amid grand old oaks, and let the chesnut trees be near. 

rom the close atmosphere and wearing routine of 
the committee rooms in the Palace of Westminster, it 
is a glad relief to lie down in the broad shadow of the 
oe which were full grown ere our grandfathers’ 
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although he had never seen it until he h 
wards, 
anxieties, 


rubber bills of costs, and ha 


not quite satisfy the engineer. 
face the south ; but if it had a long 
front, or if it were one of the loop 


would have every brick of it down. We have not 
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the plash of waters which blow and flow as they did 


There are always fine old bits of English estate in 
the market, and we have known a nobleman’s seat to 
be bought offhand, at auction, by an engineer who, 
urchased 
it, was not only satisfied, but delighted with it after- 
Not that we should ourselves think of fore- 
going the task of selection, with all its pleasures and 
But after we had satisfied ourselves, and 
had seen the last of the conveyancers and their india- 
locked the title-deeds 
securely in the iron safe, we should make a survey, not 
merely of the boundaries (for we should have got 
through all this at an earlier stage), but with reference 
to works of improvement; and we should duly report 
to ourselves, and go into the quantities and estimates. 
There is the house, and the chances are that the archi- 
tecture of the former landlord and his architect would 
It would, no doubt, 
stuecoed Palladian 
oled piles of Gothic 
brickwork in which Welbye Pugin was so strong, we 


particle of veneration for old houses, unless it be that 
which would leave them as shrines, like Shakspeare’s 
or John Knox’s, to be visited by pilgrims from afar, 
but not to be converted to the purposes of comfortable 
residence. We would have neither state and magnifi- 
cence nor meanness and mud walls, but a good, large, 
roomy, light, airy, cheerful home, possessing external 
grace and inward comfort. There is nothing like the 
Italian style, though the later Gothic now and then 
approaches it in light and real accommodation, while it 
surpasses it, we will own, in picturesqueness of out- 
We should not be afraid of building what the 
bumpkins in the neighbourhood might call a smart 
house—not that smartness would be our object by any 
means—nor, so long as we were on the right side of 
our banker (and he did not make advances on joint 
stock shares), should we much care ‘if our rising 
dwelling were known for a brief season as the “ en- 
gineer’s folly”—for it is to be borne in mind that, every 
new house of novel design generally gets the name, in 
the country, of so-and-so’s “folly,” until the agris 
cultural mind gets accustomed to it, when, perhaps, it’ 
gains the name of a mansion or, may be, a “ palace.” 
A fine large entrance-hall, with a good billiard and 
smoking room near, with windows opening right upon 
the terraces, a dining-hall in proportion to the rest of 
~ handsome drawing-rooms, and a boudoir for 
yest ornament of every home, and such a library ! 
It should look far to the east, and if the wind was in 
that quarter, we would shut it out. The library is a 
haven of rest, where the mind may live within itself, or 
with authors whose best thoughts may be summoned 
to one’s companionship without the formalities of 
We would not alto- 
gether exclude—and why should we P—the somewhat 
But it should by 
no means be a library of consultation and reference. 
Good books, whether they deal in reality or in harm- 
less fiction, have a wonderful charm when the mind is 
willing, and whatever pleasure the reading of the best 
literature of our own and former times could afford 


And after we had settled the question of Jight and 
lofty bedrooms, we would go fully into that of water 
supply and baths. The waterworks should be capital 
in their way, and a good deal of money may be laid 
out upon such appendages without extravagance. 
The source of fin would be a spring, or a stream, 
or a lake near by; and there are few places in the 
kingdom without water within convenient distance. 
True, it is sometimes necessary to go down 200 ft. or 
300 ft. by a well ; and if there was chalk, we would do 
It is in dealing with 
the movement of considerable bodies of water that the 
engineer has to exercise F emges judgment, and we 

1is matter’as if the health 
and comfort of a city depended upon the result. If 
the water came from a source considerably above the 
level of the house, and the supply was abundant, it 
would be an easy matter to lay it on under high and 
constant service, and to have an elevated tank always 
filled and ready in case of fire, and to have fountains 
always going. If the water could only be brought from a 
stream below the house, and supposing there was a 
fall of 5 ft. or 6ft., we should have to resort to a 
wheel or a turbine driving a pair of pumps ; and a pair of 
1} in. plungers making 50 strokes per minute, of 3} in. 
each, will raise nearly 3000 gallons in twenty-four hours. 
And if we had to pump from a deep well, it should be 
done. No home without the prime luxury of abundant | break of 


water. Bathing should be provided for as if it were 
one of the first necessities, as it, is one of the cheapest 
and best luxuries of life. Not a poky closet with a 
bath-tub and a towel-horse, but an apartment fit for the 
villa of a Roman senator, with a handsome paved 
floor and tiled walls, and ample though subdued light, 
and good ventilation. Don’t talk of extravagance, 
pray. We had rather have fine baths than plate and 
pictures and fine equipages. The sum that many a 
gentleman would give for a single work by an old 
master, or a painting by a first-class modern. artist, 
would suffice for a capital system of domestic water 
supply and for a bathing establishment fit for a prince. 
Who that valued health and real comfort would hesi- 
tate in his choice ? 

Where there is running water in abundance, and 
having a fall, it should not, run wholly to waste. The 
engineer should apply hima professionally, to turn- 
ing it to account. By fixing judiciously upon the 
site of a dam, he might gain not only a good fall, but 
perhaps cover some weedy, worthless marsh with 
water, making a fine lake to be well stocked with fish. 
And his works should be worthy his profession. 
Though thescale might be small, and the labour that of 
the men about the estate, the design and details should 
be good nevertheless. On. a suitable site, too, and in 
good hands a small corn-mill may be generally made to 
support: itself, even upon a moderate property. The 
engineer would decide, according to place and circum- 
stances, and, of course, with an eye to profit, as well to 
the pleasure which the — and. execution of such 
improvements would afford him. > 

‘As for farming and stock ‘raising, if the engineer 

cares to go into it in a small way, he should .strive to 
do a little better than his neighbours... He knows what 
is to be done by deep cultivation, thorough drainage 
of some lands, and abundant irrigation over others. 
His influence should soon lead to the establishment of 
a steam. plough company in his neighbourhood, if there 
were not one already in existence, and he should show 
his neighbours what the steam plough was really made 
for, by going down twelve or fourteen inches, and cross 
ploughing until he had made a seed-bed fit for a garden. 
As for road making and mending, ditching and hedg- 
ing, he would, of course, be able to hold his own with 
‘the best farmers in the county. 
“The retired engineer could never rest> contented 
withéut occupation; and whether it be in home improve- 
ments orin hunting or yachting, he must have enough 
of it to enliven his leisure. It is pleasantest when a 
few weeks can be taken now and then from actual profes- 
sional labour in town, for it is then that the quiet of 
country life and the balm of summer air come sweetest. 
But the engineer who can rest at all from his labours, 
and go down into the country for a month at a time, 
is half retired already. With ‘imost of the more suc- 
cessful men in the profession it must:be all one thing 
or the other. They haye either to work on, or to 
choose for good a quiet to whieh they have never been 
accustomed, and yet one to which they must, we be- 
lieve, have: long looked forward. 
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Loose Rarpway WHrrEts.—A Tagg of railway wheels fitted 
with an arrangement invented by Mr. Rice, which allows either 
wheel to revolve independently upon the axle, has been tried on 
the Great Northern Railway during the past few months. Ac- 
cording to Mr. Rice’s plan three slots are formed in the boss of 
the wheel, similar to ordinary keyways, but larger. Into each of 
these slots is fitted an iron wedge, having a screw and nut at 
the smaller end (which is saoal towerds the inside of the boss), 
by means of which it can be drawn through the boss as required. 
There is also placed in each slot, between the wedge and the 
axle, a piece of brass, and it will be seen that by means of the 
wedges, these brasses may be made to bear upon the axle with 
any required degree of tightness. The brasses of each boss are 
kept in their place by the shoulder on the axle within the boss 
ann by a collar screwed on that part of the axle which is be- 
tween the wheel seat and the bearing, and kept from slacking 
back by a set screw. An oil pipe is led through the boss for 
lubrication. In order that the axle may always.be maintained 
in the centre of the wheel, the ends’ of the wedges which pro- 
ject outside the boss are, when the adjustment has been effected, 
cut off so that they all project equally; in tightening them up 
afterwards, therefore, it is only n to maintain this equal 
projection, to keep the axle in its central position. In the case 
of the wheels tried on the Great. Northern line, it has been found 
that when the wagon to which they are applied is running, the 
ter part of the rotary motion takes place in the boss bearings 
tween the wheels and axle, but that nevertheless the axle 
contiually revolves slowly in its axle-box bearings. This may 
rhaps be due to the former being lubricated with oil and the 
atter with grease. Mr. Rice’s plan is a very simple one, and 
involves no alteration from the axles now used except the screw- 
ing of the inner shoulders of the bearings for the accommodation 
of the collars we have mentioned. We believe that it is about 
to be tried by Mr. William Adams on the North London 
Railway. 
Corton.—-The stock of cotton at Liverpool was 664,000 
bales in the first week in April, and it has now risen to upwards 
of 1,000,000 bales, or to the point at which it stood at the out- 
the civil war. 
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REGENT’S CANAL BRIDGE. 


Tae Metropolitan and St. John’s-wood Railway, the works of 
which were commenced in June, 1865, is being constructed to 
be worked at first only as a single line, provision being made to 
double the railway and lay down two lines of rails as soon as an 
increased traffic renders the widening advisable. That portion 
of the railway lying between Victoria-road and the Finchley- 
road stations of the City and Hampstead Junction Railway, the 
construction of which was sanctioned during the Parliamentary 
session of 1863, has been abandoned, and the railway will be 
extended to Hampstead under powers subsequently obtained. 
The terminal station in Baker-street adjoins, and is to be in con- 
nexion with, the station of the Metropolitan Railway at that place, 
so that every facility for the exchange of trains will be given to 
passengers. No junction, however, will be made between the 
two railways, which are at right angles to each other, and 
have a difference of 6ft. 9 in. between the levels of the rails. 
The course of the St. John’s-wood Railway for the 
greater part of its length runs along the centres of the Park-road, 
the Wellington and the Finchley roads, so that very little 
private property is interfered with, except in the neighbourhood 
of the Regent’s Canal and at Belsize-road. For the greater 
part of its length ard miles) a single tunnel, of the section 
shown approximately in Fig. 8, will be constructed at first, but 
in some places it has been found advisable and economical to con- 
struct a double line. From the same cause it arises that several 
different types of construction are employed, to which we shall 
devote our attention at a future time, and which comprise, be- 
sides short lengths of open cuttings between retaining walls, 
arched tunnelling of 25 ft. and 82 ft. span, various brick-arched 
and girder-covered bell-mouthed junctions, and some examples 
of shallow construction of road bridges, over the railway, as at 
South Bank, where the respective levels leave but little room 
between the rails and the roadway. At this place the roadway 
is carried on cast-iron plates of a section similar to Fig. 9. 
The total rise of the railway from Baker-street station to the 
junction with the Hampstead Extension Railway is 97 ft., 
making an average gradient of one ina hundred. The bridge 
which we illustrate carries the line over the Regent’s Canal be- 
tween North and South Bank, St. John’s-wood. As it was ne- 

to cross under these two roads, and over the canal at a 
height above it sufficient to leave a headway of 10 ft. in the 
clear, between the under sides of the girders and the level of 
the water, steep approaching gradients and extremely shallow 
construction became unavoidable. The bridge, which is horizon- 
tal, has a span on the square of 80ft., and on the skew a 
span of 84ft., the length of girders over all being 94 ft. 8 in. 
There are three main girders of the construction shown 
in Figs. 1, 2, and 3, and in the detailed sections, Figs. 4, 
and 5. They are placed 17 ft. 3in. apart between centres, 
arid have a depth of 8 ft. in the middle, reduced by curving the 
top flange to 6 ft. over the piers (Fig. 1). The centre girder, 
sections of which are shown in Figs. 4 and 5, has an upper 
flange 2 ft. 9 in. wide and 1} in. thick in the strongest part; the 
flanges are, moreover, stiffened at the edge by angle-irons, 4 in. 
by 4in. by }in., as shown. The web plates, which are } in. and 
fin. thick, are stiffened every 6 ft. by angle-irons and web- 
plates, as shown, and gussets (Fig. 5) are Sneed at intervals 
at the foot of the stiffeners, and connected to the shallow longi- 
tudinal girders that run for the whole length of the bridge on 
the top of the cross girders. The‘angle-irons at each stiffener 
are also turned round and rivetted to the same longitudinal 

irders, as shown, Fig. 5. The main girders rest upon cast-iron 
plates formed of two pieces, the upper of which is bolted with 
counter-sunk bolts to the bottom flange of the girder, and is 
left free to slide on the lower half of the bedplate, which is 
bolted through a wall timber into the brickwork with bolts 
13 in. in diameter. 


The small longitudinal girders (Figs. 2, 3, and 5) are 1 ft. 
3in. deep, made with web plates din. thick, and angle-irons 
2}in. by 24in. by Zin. They are placed 3ft. 6in. from the 
main girders, and serve to distribute a passing load over two or 
more of the cross-girders to which they are rivetted. 


The section of the cross-girders is shown in Fig. 6. They are 
83 in. wide and 8in. deep in the centre, diminishing to 6§ in. at 
their junction with the main girders, to which they are rivetted. 
The top and bottom flange-plates, together with the web, are 

in. thick, and the rest of the section is made up with angle- 
irons, 4in. by 24 in. by fin. They are placed 3 ft. apart from 
centre to centre, and the longitudinal sleepers carrying the rails 
(which are to be made of a special'section, reduced in height) are 
laid in short lengths between the cross-girders, and a in place 
by hardwood wedges. The level of the sleepers is half an inch 
higher than the top flanges of the cross-girders, and a wood 
packing is interposed between the latter and the underside of the 
rail. A wrought-iron strip (Figs. 6 and 7), }in. thick and 
6 in. wide, runs underneath the longitudinal sleeper for the whole 
length of the bridge, and into it the bolts which hold the rails in 
place are screwed. The bridge is covered with planking 3 in. 
thick, laid as shown in section, Fig. 6, and covered with about 
4in. of ballast, and four gangways 3 ft. 6 in. wide, supported on 
the shallow longitudinal girder, run from end to end (Fig. 3). 
There are altogether 100 tons of iron in the whole structure, 
which has been erected at a cost of 4800/. We are indebted to 
the kindness of Mr. John Fowler, who, in conjunction with Mr. 
T. Marr Johnson, is engineer to the Metropolitan and St. John’s- 
nn Railway, for the drawings and particulars we have pub- 








Tue American TARirF.—The Americans appear dis 
to diminish their taxation, and to fund their huge national debt. 
The duty on imported iron is to be lowered, and the loss to the 
revenue is estimated as. 400,0002 per annum on pig iron, and 
750,0007. on all descriptions of iron. 

Gun Tuxses.—It appears that the steel tubes of the Wool- 
wich guns, although Solenes in oil, will not withstand the 
action of the powder and the bite of the shot. In many cases 
the steel tubes have been deeply scored, and it is a question 
which, we believe, has been seriously mooted, whethe r they 
shall not, in future, be wholly abandoned. 


THE AMERICAN ENGINEER ABROAD. 
Morley’s Hotel, London, June 14th. 
BaracutaH B. Bunker, Esq. . 

Dear Sir,—Mr. Cunard’s steamboat Java got in 
on time at Queenstown, Friday afternoon, and I put 
through to once for the above address. I shall see 
more of Liverpool going back. The railroading here is 
first class. The cars are a good deal different from ours, 
but they are pretty comfortable, and the track is tip- 
top. These English fellers do let out some, and part 
of the way we run a blue streak. We didn’t seem to 
slam round much either, and the passengers didn’t 
have to tie themselves down on to the seats as they do 
on the Ompompanoosuc Railroad. 

I never saw so much money in my life as there is 
here in England. They are so rich they cant hardl 
see, and yet everybody pretends to be scared to deat 
just now, because the banks are all busting, and things 

ave got a little mixed. I guess I shan’t do anything 
here with our bonds. They don’t seem to be red hot 
after American securities. I think McHenry has 
rather cut us out. He appears to have found out where 
John Bull carries his money, and he has got his hand 
in, and I guess he has got hold of a mighty lot of it. 
But that Atlantic and Great Western is a road, 
and will pay some day. I think I shall some of 
the Frankfort fellers, if the fight among the Dutchmen 
don’t knock up discounts too high. 

You will want to know what kind of engineering 
they turn out here after all you have heard of it. 
Well, the bridges over the Thames are pretty solid 
jobs of stone-work. I do think London-bridge is just 
about the finest piece of work I ever saw. It isn’t so 
very big, though the middle arch is 152 ft. span, but it 
is so well shaped, only it is isn’t half wide enough for 
the business over it. But they are all into iron here 
now, and the river is getting pretty well roofed in 
with iron arches and iron truss bridges. Their trusses 
are not half high enough for the span, and so they have 
to pile in the iron to make up for it. I should have 
thought an Englishman might see that if he doubled the 
height of a truss he would halve the strain in the top 
and bottom chords, as well as in the braces and tie 
rods. But they go in for low trusses, say one-twelfth 
to one-fifteenth of the span. They are so rich that the 
can afford it, I suppose. They don’t shape their 
wrought iron to its work when it has to stand a push, 
but stick in flat bars, perhaps a foot wide and an 
inch thick to take the thrust. Our bridge builders 
beat them by chalks in laying out their iron to 
advantage. e foundation work is good here. The 
use concrete tremendously. They dig a hole, an 
in it goes, and it stands like rock itself. I guess we 
can learn something of them here in using concrete, 
and it’s strange we haven’t used it more than we have 
at home. 

The Thames Embankment is a big thing, and will be 
a great improvement to the river. It’s only a wonder 
it wasn’t taken up a hundred years ago. There is 
nothing about it to talk about, except its size and 
cost. 

I went through the underground railroad. It’s a 
great improvement on our horse railroads and street 
ears, and I guess we shall have to come to it some day. 
The depéts are so close together that the trains are 
always starting and stopping, so the time is rather 
slow. But it beats the omnibuses or anything that 
can be done on our street railroads. The engines are 

retty well off the Yankee pattern. Four coupled 
weed and a Bissell truck, outside cylinders, a good 
deal sloped to get over the truck wheels, which are too 
close together by 2 ft., and there are equalising levers 
between the driving-wheel springs, and other wrinkles 
from our side of the big pond. But they make their 
engines too heavy here, because they don’t use sand as 
they might. These underground engines weigh 47 tons*, 
and have 34 tons on the drivers. They ought to tear 
the rails out of the track, but they do slip sometimes as 
it is. I haven’t seen a Yankee sand-box here except 
on one or two roads, one of them the North London, 
and there they stop and start in less time than on any 
road I have ever been on. They have the through 
and through chain brakes which ughridge has used 
at home for twelve years, and which are here called 
Clark’s. 
But their great pull here is the steel rail. They 
say they wear out ten iron rails, and they make them 
for sixty dollars a ton, which was our price for iron 
before the war. They do break, though, when they 
make them too hard; but that is the fault of the 
making, I guess, for I have seen samples in the Erie 
Railroad office bent cold under the steam hammer like 





* American tons of 2000 lb.—Ep, 
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a plug of putty. They say the way Bessemer is making 
his pi is a caution to greenbacks. He has struck ile, 


I haven’t seen much of their engineers here yet, 
but they are pretty smart fellers, I guess. They don’t 
work on as , a8 ours do, but are set up in a 


way of business, and attend to half a dozen companies 
at once. They me too, like fury, and I guess the 
more they charge the better their customers like it. 
I saw some of them in the Houses of Parliament com- 
mittees. They don’t let railroad companies on 
here without a charter, and it’s about as much of a 
job to get a charter from Parliament as it is to build 
the road. The engineers spend half their time swear- 
ing in committees. I heard Mr. Fowler swear. He is 
pretty tonguey, and I guess he is one of the smartest 
men the C.E.’s have got among them. But though it 
makes work for engineers, and makes them keep their 
eyes skinned for cross-examination, their way here of 
legislating on railroads is small potatoes. It don’t 
amount to a row of pins. Somebody wants to build a 
road somewhere. s railroad company, whose track 
is anywhere within twenty or thirty miles, comes u 
and says the new track ought not to be built. It 
won’t get no business over it, and the fares won’t be 
enough for the conductors to’ steal. Then somebody 
who owns a farm that way says he don’t want the 
new road, or a lord or a duke says it will cut up his 
“‘pwoperty,” and he won’t have it. Everybody who 
has no real business to meddle in the concern has his 
say, and the new company can only fight it out by 
swearing that the other road can’t get through half the 
business it has to do, that the country is growing too 
big for one road, andso on. All this is gone into by 
a committee, who probably know nothing at all about the 
— along the proposed road, and still less whether 
it would pay. But it seems to be supposed that this 
sort of inquiry “protects public interests,” just as 
though public interests were ever hurt by a railroad. 
A new road is wanted from here to Brighton, and it has 
been wanted for years ; yet year after year there has 
been the same squabbling in Parliament, and the bill 
has been kicked out. This year there is a strong 
team at it, two big companies pulling together. When 
they get their charter, it will stand them in a million 
or more, and it might have just as well been 
given at the first without any fuss at all. If anybody 
wants to build a railroad, let them build it. It can’t 
hurt nobody but the stockholders, and if they like to 
pay for it let them have it. The chances are that the 
men who are ready to put money into a railroad 
know as much about it as any committee can tell 
them, and it seems to be the shake, even in com- 
mittees, to charter such roads as appear likely to pay— 
or, anyhow, such roads as are supported by enough 
swearing that So-and-so guess they will pay. 

They have the meanest river steamboats here that I 
ever fell in with. Idon’t patronise them, and if I did 
they are almost too mean to be described. ‘The hulls 
are shaped right enough, and the engines are good, but 
the accommodation is only fit for Fenians and loafers. 

I hear they are all in a mess with their guns, They 
have been at it for seven years, and they haven’t got a 
good gun yet. But they Tavs tried everything we can 
try, and I guess we shan’t beat them. The Mianto- 
nomah will be in in a few days at Portsmouth, and 
will show them what our monitors and 15 in. guns are 
like. But it will be no use for us to brag much, for 
our cast-iron guns wont bear heavy charges any more 
than theirs will. We cant expect to do much with 
35 lb. of powder and 15 in. cast-iron shot against solid 
armour plates, though none of their guns here would 
go through the 15 in. ot iron on our turrets. They 
are just now going to fire their 12 ton gun at one of 
the turrets of the Royal Sovereign, and I will send 
you a paper with the result. I expect the shot will go 
clean through. But I must pull up for the present. 

Yours truly, Cotumsus C. Cuarin, 








Breecu-Loapine Arms.—It appears that the breech-load- 
ing arrangement of Mr. Snider (not Schneider or own) is to 
be applied at once to 20,000 Enfield rifles, and w are to be 
delivered to the troops for service. 

Tue CHannet Ferry.—It is to be tted that, with the 
numbers who are to visit the Paris Exhibition next year, the 
long-hoped for Channel Ferry has been for the present aban- 
doned, in consequence of difficulties in acquiring the harbour 
accommodation on the respective coasts. The plans for the 
pee boats, in which trains were to be taken across wwe 
under cover and quite secure from the sea, were upon a remark- 
able scale. The length, we believe, was to be about 420 ft., and 
the engines, working up to 6000 indicated horse-power, were to 
get up a speed of upwards of 20 miles an hour. The plans, 
which were submitted for the Emperor’s approval were very 
complete, and it is to be hoped that the cabertaking may be 








revived and consummated within the next two or three years. 
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THE CINCINNATI BRIDGE. 

THe suspension bridge now in course of construction 
by. Mr. Jolin.A, Roebling (the well-known engineer of 
the Niagara bridge), over the river Ohio at Cincinnati, 
will be of greater span than any yet erected. The 
bridge, which is for a carriage and footways, will connect 
Front-street, Cincinnati, with Second-street, Covington, 
and the total length of the roadway between the two 
streets just mentioned will be 2252 ft. This length 
will be made. up of the main span of 1057 ft., from 
centre to centre of towers, of the two side spans, each 
of 281 ft., and of the abutments.. The clear width of 
the bridge will be 36 ft. 

The foundations of the two piers which carry the 
cables, are formed of Indiana limestone, and the piers 
themselves of sandstone. The piers are 86 ft. by 52 ft. 
at the bottom, and 74 ft. by 40 ft. at. the top, 200 ft. 
above the base, and they are each to. be surmounted 
with an ornamental turret 30 ft. high covering in the 
saddles upon which the cables rest. Each pier has 
formed in it an archway, 75 ft. high, and 40 ft. wide 
at the base, through which the roadway passes, the 
floors of ‘these archways being 100 ft above the 
foundation of the piers. The centres of the piers are, 
as we have already stated, 1057 ft. apart, and they are 
each situated at a distance of 281 fi. from the corres- 
ponding abutment. These latter consist partly of 
arches, and the roadway on them, as well as on the side 
spans, rises slightly towards the piers, These piers 
and abutments are already erected, and the cost of the 
masonry in them will be about 40 per cent. of that of 
the whole work. 

The anchor plates are large, flat, square plates of 
cast iron, sunk nearly 50 ft. po Per the ground level. 
They are connected with the shoes to which the cables 
are attached by eight or nine lengths of anchor bars, 
each length consisting of sixteen flat bars 10 ft. long 
by 9 in. wide, and 1} m. thick. The four anchor plates 
are sunk twounderneath each abutment, and upon these 
latter there are at present placed temporary workshops, 
agcommodating the 200 men who are engaged in 
finishing the iron work, and manufacturing the cables. 
There are to be two cables, one on each side of the 
bridge., They will be 12} in. in diameter, and will 
each consist of seven strands, each strand being formed 
of 740 wires, No, 9 wire gauge, so. that there will be 
5180 wires in each cable. The wires for the cables 
were made by Messrs; Johnson and _Nephews, of 
Manchester, who also made fhe wires for the Niagara 
bridge. The wires are each capable of bearing a 
strain of 1700 lb., and they are stipplied in coils each 
confaining a Jength of from 12,000 ta 16,000 ft. Before 
these lengths are spliced together, each ware receives 
three coats of linseed oil over its entire surface, and 
is then taken into the wire shop where the splicing is 
performed. The splicing is effected by filing and 
nicking the ends of the two wires to be joined, and 
then wrapping them with fine wire; the lovg lengths 
thus formed are afterwards coiled on large drums. 

The manner of forming the cables is somewhat 

culiar. At the head of each abutment is placed a 

arge pulley, and over’ these is passed an endless 1 in. 
wire rope, motion being imparted to the pulleys, and 
consequently to the rope, by a steam engine. To the 
endless rope are attached two travelling .wheels, as 
they are called, these being fixed one to the upper and 
one to the lower line of endless rope, so that they 
traverse in opposite directions. The motion imparted 
to the rope is reversible, and the travelling wheels can 
thus be traversed backwards and forwards between the 
two abutments. The endless rope we have mentioned 
is of course fixed alternately qn the line of each of the 
cables. ‘The wire shops are all on one abutment and 
the adjoining ground, and the strands are formed by 
looping a bight of one of the single wires over one of 
the travelling wheels, and traversing it over to the 
opposite abutment. The wire passes half round the 
wheel, and the latter, as it proceeds, thus takes over 
two lines of wire, the one line extending from the 
shoe, to which the wire is attached, to the travelling 
wheel, and the other from the travelling wheel to the 
drum, from which the wire is unwound. The travelling 
wheels are of course used alternately for laying the 
wire ;. they make a passage.evéry eight minutes, and 
lay together about ‘sb tons of wire per day. 

After the wires forming .a strand have been laid in 
the manner above described, they are collected together, 
forced into a round shape, and botind together with 
wires at intervals of 9 in. by men who are traversed 
from one side to the other on a sliding platform. 
These men are followed by others with oil and paint. 
According to the latest accounts, eight of the strands 
have now heen completed, four for each cable. The 
strands, as finished, are raised into their places’ by 
powerful tackles, and let forward into their sockets in 





the anchorage connexion. Where the cables pass over 
the towers, they rest upon massive cast-iron saddles 
weighing 14,000 Ib. each. There are two of these 
soliton on each tower, one for each cable, and they 
each bear upon a number of small rollers, which in their 
turn bear upon cast-iron plates, weighing 17,000 lb. 
each, placed one on the top of each pier. As we have 
already stated, the saddles are to be surmounted by 
ornamental turrets, 30 ft. high. 

The roadway is, for the greater part of its length, to 
be suspended from the cables by means of wire ropes 
ld in. in diameter, and placed 5 ft. apart; near the 
centre of the span, however, the ropes are to be re- 
placed by iron rods 1? in. in diameter. The suspending 
ropes are to be connected to the main cables by means 
of straps or clips 4in. wide and }in. thick, which pass 
around the cables, and are each furnished with a conical 
socket on the under side. The suspending ropes are 
to be spread in the sockets and covered with lead, and 
the clips are to be shrunk in their places on the cables. 
The 648 straps, sockets and suspenders, which are re- 
quired for the bridge are being made at Mr. Roebling’s 
wire works at Trenton, New Jersey. 

As we have already stated, the clear width of the 
bridge will be 36 ft. There will be a carriage way in 
the centre, and a footway on each side, the carriage 
and footways being separated by iron trusses 10 ft. 
high, and the footways Paes provided with ornamental 
iron railings outside. The wrought-iron flooring beams 
are being made at Buffalo, at the Union Ironworks ; 
they are 19 ft. long, and will be joined together in pairs 
to form the width of the bridge. They will be placed 
at the same distance apart as the suspending ropes,— 
namely, 5 ft. from centre to centre. The carriage way 
will be provided with flat iron tracks for the wheels of 
the vehicles to run upon, and wrought-iron girders 
30 ft. long by 12 in. wide will run ynder the middle of 
the bridge for its entire length. The roadway of the 
bridge will be 100 ft. above low-water mark, and will 
contain 500,000 cubic feet of timber, the whole of 
which is being prepared on one of the abutments, 
where the planing mills are situated. : 

The contract for the Cincinnati bridge was originally 
taken by Mr. Roebling in 1856 for 1,750,000 dollars, 
equal at that time to about 365,000/. We have said 
that this bridge, when completed, will have the largest 
span yet constructed; a bridge with a still larger span 
was, however, commenced by Mr. Roebling some years 
ago, and aged would have been completed long 
since, if the necessary funds had been forthcoming. 
The bridge alluded to was intended to carry the Lex- 
ington and. Danville Railway across the Kentucky 
river, and at the end of 1860 the towers had been 
already erected, and: the anchors secured in the solid 
rock, but the misfortunes of the railway company have 
prevented the structure from being completed. The 
main span would have been 1224 ft. from centre to 
centre of towers, and the roadway would have been 
300 ft. above the water. It was to carry a single Tine 
of rails, with a footpath on each side, and the roadway 
was to have been strengthened by a timber and iron 
truss 20 ft. deep, extending under it for its entire 
length. The wire cables, 11 in. in diameter, were to 
be two in number, one gn each side of the roadway. 
The Lexington and Danville line, of which, as we have 
already stated, this bridge was to have formed part, 
forms the second portion of the Kentucky Central 
Railroad, which extends from Covington to Lexington, 
and there would thus be direct railway communication 
between the two bridges, of which we have given some 
particulars, and which would he about 123 miles apart. 








EXCAVATING-MACHINES. 

Ar the last meeting of the Société des Ingénieurs 
Civils of France, held on the 1st inst., a paper was read 
by M. Mazilier on the subject of excavating by ma- 
chinery. M. Mazilier divided the excavations to be per- 
formed into four classes: first, those in loose earth, 
where a shovel only is required ; second, those in earth 
of moderate cohesion, where both a pick and shovel 
have to be used ; third, thos¢ in earths called by him 
demi-durs ; and fourth, those excavations in rocky 
ground for the performance of which crowbars, wedges, 
and blasting have to be employed. The process of ex- 
cavation was also divided by M. Mazilier into three 
independent operations, viz. the loosening of the ma- 
teri] the lifting and loading up of the débris, and its 
removal and discharge. 

Machinery of the class used for dredging under 
water is scarcely applicable for carrying on excavations 
on dry ground. In the first case the buckets have 
principally to fulfil the office of collectors, but in the 
fatter they would be required to perfornt other duties 
for which their form, their construction, and the nature 
of their movement quite unfit them. Other means 





are therefore necessary, and it is considered by M. 
Mazilier that for soft earth cutting tools, and for 
harder substances tools acting by a blow, are required 
for producing the disintegration necessary for permit- 
ting the easy removal of the débris. The lifting and 
loading up of the material can with advantage be 
performed by means of buckets. . If the débris is only 
to be removed to a short distance, its removal can be 
performed by an extension of the machinery used for 
raising it ; but if it has to be transported to a consider- 
able distance, the employment of wagons appears to be 
compulsory, and the lifting machinery should then be 
arranged so that it is capable of loading up several 
wagons at once. 

In the case of earths which fall regularly to a natural 
slope, M. Mazilier considers that it is best to take ad- 
vantage of this property by cutting with an excavating 
tool a trench along the fas of the slope, and thus 
causing a series of falls of earth. The movement of the 
machine would be parallel to the ridge of the slope, 
and the débris would be collected and raised by a train 
of buckets traversing from the bottom to the top of 
the bank. For excavating harder earths, M. Mazilier 
proposes the use of a machine in which a series of tools, 
traversing from the bottom to the top of the slope to be 
worked upon, loosen the material, which is collected by 
a series of troughs which follow bebind the tools. 
When the earth is not very hard, the tools or disin- 
tegrators consist of a series of circular harrows, these 
harrows having a double movement, a revolving one 
and one parallel to the face of the slope. The ends of 
the curved arms of the harrows are furnished with iron 
hoes, which produce an effect very similar to that of 
a pick, and penetrate the ground to a depth of from 
three to four inches. For harder ground the disin- 
tegrator consists of a shaft upon which are mounted 
a series. of hammers with heads alternately pointed and 
wedge-shaped, these hammers being alternately raised 
and let fall for a height of from 16 in. to 20 in. 

The general arrangement of these machines is as 
follows : Two parallel beams of iron are set at an in- 
clination corresponding to that of the slope, to be 
worked upon, and are each carried upon two four- 
wheeled carriages which advance perpendicularly to 
the ridge of the slope. The chains for drawing the 
disintegrators and troughs are passed over polygonal 
pulleys, these pulleys being driven by engines placed 
on the lower carriages. The chain belonging to the 
disintegrators does not pass beyond the slope ; but that 
belonging to the troughs extends past the ridge, so that 
the troughs can empty their contents into hoppers. 

For effecting the transport of the débris, M. Mazi- 
lier proposes the use of a kind of double road, extend- 
ing from a hopper, into which the material is emptied by 
the dredging-buckets, to the point at which it can be 
discharged. The double road will consist of two 
parallel lines, joined at the ends by semicircular curves, 
and inclined slightly towards the point of discharge. 
Upon it will run a continuous train of small wagons, 
these being filled as they pass the upper, and discharged 
as they pass the lower curve. After the train has once 
been started, the preponderating weight of the descend- 
ing loaded wagons will keep the whole in motion. 








EXPECTED VISIT OF THE MONITOR 
MIANTONOMAH. 
To tHe Epitor or ENGINEERING. 

Sik,—The Miantonomah—the first monitor which 
has éssayed to cross the Atlantic—was, I am informed 
by recent letters. fram America, intended to leave St. 
John’s, Newfoundland, on the 5th June. But no 
special preparations appear to have been made for the 
trip, either in selecting fuel, overhauling the engines, 
or otherwise; and the engines, which have been con- 
structed according to the designs of Mr. Isherwood, 
are, [ am informed, less efficient and more liable to 
derangement than the engines of the Monadnock, 
which were constructed from the designs of Ericsson. 
Under these circumstances, the voyage across the 
Atlantic cannot be expected to be a rapid one, and 
derangement to some part of the machinery may per- 
haps occur. But any default in this particular engine 
will not be considered indicative of a defect in the 
monitor system, since it is not the qualities of engines, 
but the seaworthy character of vessels of the monitor 
type which we wish to have practically illustrated. 
That engines can be made which will steam across the 
Atlantic without interruption or casualty we already 
know; but that vessels with their decks not, 18 in. 
above the water will be able to contend successfully 
with Atlantic seas we wish to have demonstrated, and 
this is all which the intended voyage of the monitor 
can be expected to do. , 

1 am, Sir, your obedient Servant, 





J. BouRNE. 
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THE GANGES CANAL. 


A  eTter on this subject, dated from Calcutta, 
which appeared in our last number, ought not perhaps 
to pass without some remarks from ourselves on the 
questions raised by our correspondent. The main 
point at issue between Sir Arthur Cotton, who may be 
said to represent the Madras school of engineering, in 
dealing with the waters of Indian rivers for the pur- 
poses of irrigation, and Sir Proby Cautley, who 
represents the Bengal school, is this: Should the canel 
head be taken from the boulder region of the river 
Ganges, or from some point lower down the stream, 
where the slope of the river bed is less, and its channel 
deeper and broader ? This question, it appears to us, 
has already been disposed ot by Sir Proby Cautley in 
his recent controversy with Sir Arthur Cotton, by his 
assertion that the rivers of the North-Western 
Provinces are, in their character, totally different from 
those of the Madras Presidency, and that therefore they 
require to be dealt with ina different manner. Taking 
the former assertion for granted, as it has been assented 
to by those who ought to be best informed on that 
point, it is impossible to come to any other conclusion 
than that adduced by Sir Proby Cautley. The letter 
from Calcutta, however, raises four question, not all 
entirely original, which it is stated are the points which 
now require to be decided on, namely, 1st, Should the 
old canal be altered to carry the full supply of water ? 
2nd, Shall the old canal be made fit to carry a reduced 
supply of water? 3rd, Shall an auxiliary canal be 
formed? 4th, Shall an entirely new line of canal be 
made? and 5th, Shall navigation be kept separate from 
irrigation, or not ? 

Regarding the first two questions it appears that 
little difference of opinion can exist. To, complete 
the canal, so as to render it fit to carry a reduced 
supply of water, would, no doubt, be the cheaper ex- 
pedient of the two, but then the area which the canal 
could irrigate must of necessity be proportionally de- 
creased, and the extent of land which could be culti- 
vated from it be similarly lessened ; whereas by altering 
it to carry the full supply of water originally contem- 
plated, would, if the original calculations be correct, 
afford an abundant supply for the irrigation of the 
country through which the canal passes. Admitting, 
therefore, the absolute necessity of irrigation in India 
for the prosperity and well-being of the country, it 
follows that, whichever plan might in the end prove 
most remunerative on the outlay, that plan should be 
adopted by a Government careful of the welfare of 
its subjects, which would produce the most wide-spread 
benefits to the inhabitants of the land. 

With reference to the third question, there may be 
more room for doubt, which will, however, most likely 
be speedily removed by the report of the Committee 
of Engineers now deliberating. 1t appears, however, 
at present to resolve itself into the following question, 
namely : Will it be cheaper to make the present canal 
capable of carrying the full supply of water, or to 
make it fit to carry a reduced supply only, and con- 
struct an auxiliary canal to carry the remainder, so 
that the two together shall be capable of carrying the 
full supply between them? It is indeed a question 
only of cost. After perusing Captain Crofton’s re- 

ort, we incline to negative the necessity for an auxi- 
. line. 

The fourth question is, we believe, quite entitled to 
the claim of originality, and we are willing to give our 
correspondent credit for the authorship of it, but at 
the same time cannot agree with him that it is worthy 
of much consideration, and therefore pass it by with- 
out further remark. But with reference to the ques- 
tion as to whether navigation should not be kept 
separate from irrigation, we may state that it is one 
which has often engaged attention in India, and will, 
we believe, ultimately be decided in the affirmative, 
not perhaps with reference to the Ganges Canal only, 
but as a broad principle applicable to India generally. 
Hitherto, those canals which have been constructed 
with the view to serving both ends have been very 
little used for navigation, and the returns received 
under that head bear no comparison with the necessary 
additional expenditure to suit a canal for that purpose. 
The time when navigation would be most resorted to 
happens to be precisely the same at which water is 
also most needed for irrigation; hence, in order to 
yender a canal suitable for both objects, it must of 
necessity be constructed capable of containing a suffi- 

ient depth of water for boats at all times, in addition 
co that required for the greatest possible extent of 
rrigation that, in a season of drought, might be re- 
qu red from it, the expense of doing which is plainly 
not justified by the use hitherto made of such accom- 
modation where it has been available. 





Finally, whilst fully agreeing with our correspondent 
that much good might arise from sending out men of 
acknowledged ability and merit from this country, to 
consider and report upon the whole question of irriga- 
tion and navigation works for India, we should demur 
to associating with them any one, however talented 
and experienced, whose opinions on the subject had 
already been definitely pledged to one certain course of 
action, and the tendency of whose counsels would 
therefore probably be towards the carrying out of his 
own pre-formed conclusions. 








SALINOMETER. CASES. 
To tHe Epitor or ENGINEERING. 


Srr,—It is somewhat humiliating for me to find that, with 
all the care I have taken with my paper on“ Incrustations of 
Marine Boilers,” I have still been misunderstood by at least one 
engineer, your correspondent ‘“ Libra,” whose letter on “ Salino- 
meter Cases” — in your last impression. | To his first 
objection,“ that I have not touched upon the subject of connect- 
ing the boiler with the salinometer,” I must plead guilty, and I 
do this without a murmur; ut the same time, my paper was 
not on salinometers, though those instruments, bearing so closely 
upon the subject, have had, I believe, their due share, without 
enlarging too much on such practical details as the size of the 
connecting+pipe; however, if you make that pipe about { in. or 
1 in. inside diameter, you cannot go far wrong. E'shall now con- 
sider “ Libra’s” other objections, He says, ‘‘ By leading the water 
“ from the boilers into a funnel-shaped reservoir, open. to the 
“ atmosphere, so that the steam can escape freely, and only solid 
“water enter the salinometer ease, a How. case may. be made to 
“‘ offer all the advantages of the more complex apparatus of 
“ Long or Gamble,” This is exactly what I took pains to show, 
and what “ Libra” has overlooked, viz., that How’s case was in- 
complete, and wanted something additional to make it perfectly 
practical. Some seagoing engineers, having How’s salinometer, 
will no doubt feel obliged to “ Libra” for this suggestion. 

Next “Libra” says that I have described How’s case as if it 
was only to be used occasionally, and was notin fact a con- 
stantly indicating instrument. I look in vain for proof of this 
assertion, and must ask “ Libra” to look again. ‘* Gamble’s salino- 
** meter may be used improperly, as well as How’s or Long’s,” 
‘ Libra” says, “and that by opening the jamb valve to its fullest 
‘* extent, and thus blow steam and water through the hole in 
“ the top of the casing.” Now the difference is this: in How’s 
and Long’s cases the water is admitted by means of a common 
cock, and if that should stick or work a little hard you may, 
without wishing to do so, open the cock too far; but this is im- 
possible with Gamble’s, in which the water is admitted by 
means of a screw valve; any engineer—nay, in fact, anybody— 
will readily understand that it takes several turns of a fine- 
threaded screw to open it fully, and the danger of opening it too 
suddenly is thus removed as far as it possibly can be. 

“ Libra” next asserts that Gamble’s salinometer, at least the 
original pattern (Figs. 4, 5, 6, 7, and 8), does not allow the steam 
to escape freely from the water. If “‘ Libra” had ever examined 
one of these instruments he would find the contrary to be the 
case, as small holes are provided for the very purpose. The 
later pattern of Gamble’s salinometer was adopted not, as “Libra” 
says, because of the evil he complains of, which only exists in 
his imagination, but simply because the coring of the case was 
somewhat troublesome and difficult. “ Libra’s” suggestion about 
producing a very cheap salinometer is, I believe, on the right 
side, but only if efficieney is not lost sight of. Iam afraid we 
shall always find many shipowners preferring the cheapest en- 
gines and fittings for the best and most efficient. As to the 
advantage of making the salinometer so that you could use 
any sized hydrometer and thermometer, I am of opinion that 
there is no difficulty in providing for long voyages a few spare 
ones exactly suitable for your salinometer, just in the same 
way as you have a few spare glass tubes with you exactly 
suitable for the water gauge. In conclusion, I should only 
have been too glad to have given full extracts of all the 140 or 
150 patents I examined relating to the subject of keeping boilers 
free from incrustations, but 1 am afraid others would not. I 
am, Sir, yours truly, 

Gordon-grove, Holland-road, Brixton, 


P. JENSEN. 
June 12th, 1866. ; 
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Coat ABRoAD.—In his speech on the coal supply, on Tuesda 

evening, Mr. Hussey Vivian said no doubt other countries mmf 
to a certain extent, develop their resources as well as England. 
America possessed 196,000 square miles of coalfield, nearly 42 
times as large as our own. America must play a very promi- 
nent part in the production of all the manufactures dependent 
upon coal. It was a mere question of labour. When Jabour 
was sufficiently abundant the American coalfield would be 
developed, but England would still hold her own as far as 
Europe and a large portion of the world was concerned, There 
was a very large coalfield in France. Belgium was already com- 
peting with us. The coalfields of Belgium and France were 
estimated at 12,000 square miles. The coalfields of Rhenish 
Prussia were put down at 9000 square miles. The Prussian 
Government were conducting surveys and boring, and immense 
tracts were being discovered. ‘The Westphalian coalfield ex- 
tended over 9680 square miles. The Russian coalfields of the 
Dnieper and Don were estimated by Sir Roderick Murchison at 
11,000 square miles—two and a half times as large as the dis- 
covered coalfields of this country. In Silesia he had himself 
seen a seain of coal 50 ft. thick, and there was: a large area of 
coalfield. Spain had a large coalfield in the Asturias. In 
Austria, India, Japan, China, New Zealand, Australia, Brazil, 
Chili, and Melville Island coal was to be found. They could 
hardly go anywhere without finding astore of coal. Providence 
had not stored up these precious hoards for no purpose, and 
although the coal resources of these countries had not yet been 
developed, yet depend upon it they would be, and the trade of 





PORTABLE ENGINES. 


In the course of our notice last week of the Bath and West 
of England Society’s Show at Salisbury, we mentioned a port- 
able engine exhibited by Messrs. Ingram and Phillips, of Ford- 
ingbridge, and remarked that it differed in many of its details 
from engines of the ordinary type. Messrs. Ingram and 
Phillips have since kindly placed at our disposal tracings of this 
engine, and from these the accompanying engravings, which 
show the general arrangement and principal details, have been 
prepared. For.a long time past, but very few alterations have 
been introduced either in the arrangement or details of ordinary 
portable engines, one maker seeming to be quite content to copy 
trom another without introducing any modifications of his own ; 
and we think, therefore, that any new features, such as are to 
be found in the engine above referred to, are well worthy of 
oy even if they are not altogether everything that could 

e desire: 


The engine of which we give illustrations is of the size called 
by the makers ‘8 horse,” and has a single ¢ylinder 92 in. in 
diameter, with a stroke of 14 in., placed on the top of the fire- 
box casing. The general arrangement of the engine,.which is 
shown by Fig. 1, does not demand any special stonaay sree and we 
shall therefore at once proceed to notice those detuils which 
differ in their construction from those of the ordivary type: The 
cylinder, of which several views are given by Figs, 2, 3, 4, 5, 
and 6 includes many novel features in portable engine construc- 
tion, In the first place, the front end is cast in one piece with 
the cylinder, and one cover joint is thus avoided ; the plan has been 
long extensively adopted for locomotives, but its use for agricul- 
tural engines is, we believe, new. To allow of the passage of 
the boring bar, Messrs. Ingram and Phillips fit the front cover 
of the cylinder with the neat arrangement shown by the section 
Fig, 5. It consists of a kind of double gland; the outer gland, 
which is of cast iron, having the stuffing-box formed within it, 
and being held in its place in the cylinder head by collars on the 
studs belonging to the Of the stuffing-box. ‘The steam is 
led into the steam chest through a passage passing partly around 
the cylinder, as shown in Fig. 6; this ge affording accom- 
modation for the throttle valve, and having fixed at the top of 
it the safety-valve seat. We cannot say that we like this ar- 
rangement, although it is compact; the steam pore is, not of 
suflicient size to be of any use as a steam jacket, and from its 
shape, the steam in it will be exposed to a large pom, Saxface 
in proportion to its area. The blowing off of the safety valve 
also will tend to lift water into the steam passage and produce 
priming. 

The safety-valve, which is 2 in. in diameter, is,a spindle valve, 
and bears upon a brass seat driven into the cylinder casting. 
The valve is of the form very generally used in agricultural 
engines, but which, nevertheless, is not a good one. ‘The point 
formed on the lever bears upon the valve above the level of its 
seat, and consequently tends’to produce canting. A far bettér 
form of valve is that in which the centre portion is formed like a 
funnel, the point on the lever bearing at the bottom of the conical 
depression, and thus tending to pl the valve down upon its 
seat. With a valve of the form last mentioned, and which has 
been adopted by Mr. Ramsbottom and many other locomotive 
engineers, no guiding feathers are really required, although it is 
generally furnished with them. In Messrs. Ingram and Phillips’s 
engine the throttle valve is, as we have already mentioned, 

in the e formed on the cylinder. Its position is 
shown by Fig. 6, from which it will be seen that it is situated 
between the boiler and the regulator, a somewhat unusual ar- 
rangement. The connexion between the governor and the 
throttle valve is very simple and direct. The regulator is formed 
by a brass dise with segmental openings revolving upon a brass 
flange, with corresponding openings, secured to the end of the 
steam passage within the steam chest, by four studs. The disc 
is fixed upon a spindle, which passes out through a stuffing-box 
formed on the steam chest cover, and is provided with a handle 
conveniently placed. The arrangement is shown by Figs. 2, 3, 
and 6. As the disc would be lifted off its face by the pressure 
of the steam if means were not provided for keeping it in its 
place, the spindle upon which it is fixed is furnished with a 
collar upon which the packing contained in the stuffing-box 
bears. This is shown in Fig. 6. We do not like this plan so 
well as one which would allow the disc to be placed on the boiler 
side of its seat, when it would be kept in its place by the 
pressure of the steam upon it. 

The steam ports, in the slide-valve face are bin. by fin., and 

the exhaust port 5 in. by 13in., the bars being Zin. wide. The 
slide-valve, which is of cast iron, and has fin. lap, is equili- 
brated, being furnished at the back with a brassiring kept up by 
springs to a face formed on the steam chest-cover, as shown in 
Figs. 5 and 6. We are glad to see an equilibrium slide-valve 
applied to an agricultural engine, and think that it is deeidedly 
a step in the right direction. The slide-valve faces of the engine 
which we are describing, however, would wear much better if 
the width of those parts outside thé steam ports was reduced. 
If the valve face is too wide, it invariably wears hollow, the 
bearing surface at the ends being greater than that in’ the 
middle. The parts outside the steam ports should only be just 
sufficiently wide to prevent an escape of steam from the steam- 
chest into the exhaust recess in the valve, when the valve is at 
the end of its stroke. The exhaust passage in Messrs, Ingram 
and Phillips’s engine communicates with an pone 3 placed 
within the boiler ; this is an arrangement very generally adopted 
by the builders of portable engines, but it is decidedly an objec- 
tionable one; it would be far better to carry the pipe outside, 
even if it interfered somewhat with the neatness of the external 
appearance of the engine. 
The piston, which is shown in Fig. 5, is.of cast iron, and is 
packed by three of Ramsbottom’s rings+a kind of packing wel 
adapted for portable engines. Tbe body of the piston itself 
however, might be considerably lightened with advantage, and 
we have some donbts about the mode of connecting the piston 
and rod. The rod is tapered where it enters.the piston, and its 
end is screwed to receive a brass nut. We -should think this 
nut would be apt to slack back, unless some means are used to 
prevent it; no appliances for this purpose, however, are shown on 
the drawings. 





those countries would be proportionately increased. 


The crosshead and guide bar, of which we give a section in 
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Fig. 10, are of a form which has within the last few years been 
extensively used by marine engine builders. The foot of the 
crosshead, which is furnished with an adjustable brass wedge 
for taking up any slackness caused by wear, slides upon the top 
of the single guide bar, and is held in its place by a dovetail strip 
on each side, these strips being secured to the guide-bar by 
studs. This arrangement of crosshead ind guide-bar is excel- 
lently adapted for an engine which is always, or almost always, 
running one way, the direction of the running being such that 
the thrust of the connecting rod produces a downward pressure 
upon the motion bar. If, however, the engine has to run in- 
differently in either direction, double guide bars are better, as 
they give an equal extent of bearing surface for resisting either 
upward or downward thrusts. 
_ Another detail of Messrs. Ingram and Phillips's engine, which 
is shown by our engravings is the pump, of which two views are 
given in Figs. 7 and 8. It is cast in one piece with a bracket 
which is bolted to the side of the guide-bar, and which also 
supports the spindle of the governor. The valves are ar- 
so that they are readily accessible, and we are 
to eee that an air-vessel is provided on the delivery 
_ Air-vessels have been long applied to pumps in 
American locomotive practice with excellent results, and it is 








curious that their use should be so uncommon in this country- 
The pump-plunger is of brass, and it is driven by the same 
eccentric that moves the slide valve. The connexion between the 
plunger and the eccentric and valve rods is shown in Figs. 8 
and 9, from which it will be seen that the eccentric and valve 
rods are coupled to a pin secured into the head of the plunger, 
as shown. The eye of the eccentric rod is placed between that of 
the valve rod and the plunger; but the arrangement is not a 
good one, as it will give rise to considerable side strain, and 
cause unequal wear, 

The remaining parts of Messrs. Ingram and Phillips’s engine 
do not call for any comment, as they do not differ very greatly 
from those generally used; we may remark, however, that the 
brackets carrying the crank-shaft Aor would be improved 
by having the feet which are attached to the boiler lengthened. 
Although in the course of the present notice we may have criti- 
cised some of the details of Messrs. Ingram and Phillips’s engine 
unfavourably, we think, nevertheless, that those makers are 
entitled to great credit for their bold departure from ordinary 

ractice ; and if some of the innovations which they have intro- 

uced are not yet all that could be desired, yet they are, never- 
theless, many of them improvements on those forms which have 
previously been generally employed. 
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Petroteum Furt.—A further] series}]of experiments on 
Mr. C. J. Richardson’s method of burning mineral oil as a fuel 
under steam boilers, was completed last week at Woolwich. The 
trials were very successful, the evaporation of the water being 
carried on for many hours at the rate of 18 1b. of water per 

und of oil obtained from the Torbane-hill or Boghead mineral. 

ixperiments were also made with other rock oils, and although 
the results obtained were not so high as with that obtained from 
boghead, they were yet exceedingly satisfactory, and proved that 
by Mr. Richardson’s arrangement, the strongest fire could be 
maintained, without any diminution of its intensity, until the 
whole of the fuel was exhausted. We hope soon to be able to 
lay the whole details of the experiments before our readers. 

Russtan Iron.—Although the thin tough Russian sheet iron, 
with a fine dark indigo-coloured planish, is in such extensive use 
in the States, for covering locomotive boilers and for stove- 
making, its manufacture is still a secret. It is believed to be 
cold-rolled merely, but this hardly explains its peculiarity of 
surface. In the States patents can only be taken out by or on 
behalf of inventors, but an attempt is now being made to obtain 
a patent there for the secret of making Russian iron, as a “ com- 
munication” from persons who allege that they have found out 
the whole process. The manutacture is one of great value. 
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PUBLISHER’S ANNOUNCEMENT. 
Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.M.on Thursday. The charge for ad- 
vertisements is three shillings for the first four lines or under 
and eightpence for each additional line. Blocks are charged 
at the same rate for the space they occupy. Permanent 
advertisements are taken at special rates, which will be given, 


on application. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the charge 
ts 2s. 6d. extra, subscriptions being payable in advance. 

and money orders to be made payable only to Mr. 
Charles Gilbert; the latter (money orders) at 430, Strand. 


In consequence of the large and constant increase in the 
circulation of ENGINEERING, and the necessity of going to 
press at an earlier hour, it is impossible to guarantee the 
insertion of advertisements received after 5 o'clock p.m. on 
Thursday. 


ENGINEERING is registered for transmission abroad, 


Although a large number of extra copies of ENGINEERING 
have been printed weekly, the demand has been such that Nos. 
2 and 4 are already out of print, with the exception of the 
copies reserved for forty complete sets for binding. These 
volumes, it is expected, will be ready for delivery by the middle 
of July, and they will be sold each at one guinea, orders being 
Jiled in the order of their receipt. This, the first half-yearly 
volume of this journal, will contain a far greater amount of 
matter of permanent value than has ever appeared in any pro- 
Sessional journal within twice the same period of time. It 
will contain 444 pages, with engravings of more than one hun- 
dred of the most important engineering subjects, including steam 
engines of nearly every description, bridges, aqueducts, docks. 
piers, roofs, railway plant, gasworks, iron furnaces, and 
machinery in great variety for working iron, engineers’ tools, 
turbines, gti ing and phil phi l instr ts, §c., Ge 
The illustrations of marine, locomotive, pumping, blowing, 
and other forms of steam engines will be especially nume- 
rous, and represent the best practice, the engravings having 
in nearly every case been prepared from original drawings sup- 
plied by the makers. 

Nearly one-half of these volumes have been ordered since our 
former announcement, and we again call the attention of those 
desiring to have them to the fact that orders will be filed in the 
order of their receipt. 
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THE RAILWAYS OF THE FUTURE. 


So that it is safe, no railway speed can be too high, 
even were it three hundred miles an hour. Do our 
best with the present railways, however, we cannot 
get much above sixty. The larger proportion of the 
resistance upon a level increases as the square of the 
speed, and at double speed this nearly quadruple re- 
sistance has to be overcome in half the time. Thus 
taking the results of Mr. D. K. Clark’s rule for the 
gross resistance per ton of engine, tender and train— 
and we have found this rule very closely confirmed by 
indicagor diagrams which we have taken at speeds of 
from 10 to 50 miles an hour—we should have a resist- 
ance on a level of 22.6 lb. per ton at 50 miles an hour, 
while at 100 miles this would be increased to 664 lb. 
The rule is to square the speed in miles an hour, 
divide by 171 and add 8 lb. (which is taken as the con- 
stant rolling resistance) to the quotient. If an engine 
and train weighed 100 tons, 301 horse power would be 
required at 50 miles an hour, while at 100 miles no 
less than 1773 would be necessary. No locomotive 
was ever yet built to exert more than one-half of this 
power, and those were engines which, with their 
tenders, weighed 50 tons. 

And then, too, everything about a railway would 
need to be strengthened to stand such speeds. The 
present class of carriages could not be trusted to run 
at 100 miles an hour, even if the power were provided 
for the work. As it is, we put from one to two tons 
of machinery into motion for every passenger carried 
in quick trams; but at 100 miles an hour the dead 
weight would be more like four or five tons per pas- 
senger, although it may take fifteen of him to make a 
ton. Everything—weight, resistance, wear and tear, 
and cost—increases rapidly with the speed, to say no- 
thing of danger. 

Really high speed—and from 100 to 150 miles an 
hour is not too high for the requirements of long pas- 
senger traffic—can never be attained by our present 
railway system. And this really amounts to saying 





that railways are not suited for such traffic. Indeed 


we look forward to the time when railways will be 
almost wholly taken up with goods traffic, and it is for 
this only that they really are suited. 

The first consideration in the question of moving 
passengers at great speed is, how to diminish to the 
utmost the weight of the vehicles in which they are 
to be carried, while the great moving weight of the 
locomotive must be suppressed altogether. For the 
purposes of the railway engineer, a passenger is a 
parcel, of an average weight of ten or eleven stone, 
and the problem really is how to carry this parcel or 
a number of them with as little else as possible be- 
sides. The power required to overcome the resistance 
due to the mere weight of such a parcel, at a speed of 
50 miles an hour on a level, is but one quarter of a 
horse power, and 25 horse power would suffice for a 
hundred of them. But while this should answer for 
the live weight on board the train, from ten to thirty 
times as much power is required for the whole weight 
live and dead. And from long habit, we have become 
reconciled to this excessive, this monstrous waste of 
power. We might as profitably draw the stations 
themselves, and, for that matter, the towns about them, 
as to move the lumbering structures which now make 
up a railway passenger “train.” The passengers 
themselves require but little power to draw them, their 
weight produces but little wear upon the rails, but 
little strain upon the way, and yet to put them into 
motion we set a-going a small village of houses on 
wheels, with a great thundering machine weighing, all 
told, from thirty to sixty tons (for the tender counts 
with the engine) ; and for all this we have to provide 
works of immense strength, but of which the most 
costly portions are, naturally and necessarily, being 
constantly knocked to pieces. So accustomed have we 
become to this system of movement that we are re- 
conciled, if not really proud of the cost which it en- 
tails, and we pay our fares as we pay income-tax or 
calls upon joint-stock shares. 

We cannot shoot our passenger through the air un- 
supported by seat or carriage of any kind, If we 
could, all the dead weight would be saved, but the 
human projectile might + land as dead weight in the 
literal sense of the term. In another column will be 
found an account of the trial of a 50 ton gun, from 
which a 1080 lb. shot was fired with 100 lb. of powder. 
The initial velocity of the shot is not given, but we 
can state it, with the certainty of not being far wrong 
in our estimate, as about 800 miles an hour. This 
initial velocity, say 1200 ft. per second, would have 
sent the shot 22,500 ft. high in a vacuum; for we have 
always to ignore the resistance of the atmosphere in 
calculations of this kind. Now to lift 1080 1b. to a 
height of 22,500 ft., we should require (supposing a 
steam engine to burn 3 Ib. of coal per horse power per 
hour) 124 1b. of coal. But to lift 1080 1b., which we 
may take to represent seven railway passengers, 
22,500 ft. high, is only equal to moving them, at the 
rate of 100 miles an hour, 125 miles on a level railway. 
In other words, allowing a resistance of even 75 |b. 
per ton at 100 miles an hour, it would require but 
124 1b. of coal to carry a little party of seven passen- 
gers from London to Bristol, or from London to Bir- 
mingham, with a little bit of coal to spare at the end 
of the trip. We are here, of course, speaking only of 
the passengers as so many parcels of eleven stone each, 
irrespective of the street of houses on wheels, called 
the carriages, and the great engine station called the 
locomotive. The mechanical power, as measured by 
ordinarily good steam engine practice, required to send 
seven average passengers from Paddington to Bristol 
is less than that required to send off a 1080 Ib. shot, at 
800 miles an hour, out of a gun. And although 
100 Ib. of charcoal and sulphur and saltpetre, com- 
pounded as gunpowder, may be looked upon as very 
powerful, it is only equal to one-eighth its weight of 
fair steam engine coal burnt under a boiler, the steam 
being worked with reasonable economy. 

But we have not yet arrived at the means for send- 
ing passengers over a railway with the least expendi- 
ture of power. They would object to be shot from one 
end of the line to the other, and, joking apart, the 
initial blow requisite for the purpose would no doubt 
be far too great for life itself, to say nothing of com- 
fort. And the passenger, even were he shot off like a 
segment shell, could not be sure of his range and his 
landing-place ; and even were these secured, he might 
be doubled up on striking. We are not joking, how- 
ever, for there is a good deal to be said in favour of 
shooting passengers out of steam guns. It is not 
necessarily impracticable. At any rate, there is a 
theory, founded on experience, in its favour. And it 
is wonderful how people, accustomed to treat such 
ideas as absurdities, may become reconciled to them. 


But there is another mode of moving passengers— 
that afforded by the pneumatic railway, upon which, or 
within which, it is possible to go at any speed up to 
two hundred miles an hour. Medhurst and Vallance 
did their best, ears ago, to introduce this system, 
but the success of the locomotive diverted all attention 
from it, until Mr. Rammell revived and improved it. 
Its capabilities for speed and for the reduction of dead 
weight place it unquestionably far beyond the ordi- 
nary railway worked by locomotives. Air rushes into 
a vacuum with a velocity of 900 miles an hour, and 
even a very moderate difference of barometric pressure 
is sufficient to cause a hurricane of 100 miles an hour. 
The pneumatic system has, of course, several obvious 
advantages. The carriages cannot get off the line, nor 
can they meet in collision. The ventilation is perfect, 
and the passengers, at the same time, are not subjected 
to strong currents of air. The pneumatic carriages 
move by sailing, and our own experience in them, in 
the case of the Euston station and Holborn line, has 
ha that no mode of propulsion is more agreeable. 

f we could make a cartridge of the passenger, placing 
a greased wad in front of him and behind him, not, of 
course, quite air-tight, we could shoot him through a 
pneumatic tube with the least possible attendant 
weight ; and we are always to remember that the real 
question of the — and cheap movement of passengers 
turns, not. upon their own weight, but upon that to be 
taken along with them. So far as their own weight is 
concerned, we might easily pop a dozen passengers 
through a tube from London to Brighton, or London to 
Liverpool, the one journey occupying twenty minutes, 
and the other an hour and a half; and we might have a 
“train,” or a cartridge, every ten. minutes. Mr. 
Rammell lays down ai in his tubes, and mounts his 
carriages on wheels; and as no part of the carriage 
actually touches the interior of the tube, there is no 
rubbing friction whatever. In the construction of 
these carriages the greatest possible saving of dead 
weight ege be effected. They do not have to with- 
stand a pull from one point only, like a railway car- 
riage, nor the jerks due to the necessary conditions of 
working railway trains. For very high speeds only a 
single carriage should be sent at one time through the 
tube, as the working of trains of carriages causes blows 
and jolts between them, which require heavy frames, 
buffers, and draw-springs to resist them. 

The cost of carrying out the pneumatic system 
would probably be in excess of that of the existing 
railways. The tube would be (say) 12 ft. in diameter. 
If this was made of }in. plate iron, it would weigh, 
fora single line, upwards of 1800 tons per mile, and 
would cost at least 12/. per ton. The cost of laying 
it in a continuous trench would be at least as much 
more. Unlike the rails of a railway, the tube-could 
not be transported length by length over the’ portion 
already laid, and the cost of freight for 90,000 tons of 
tube, for a line of 50 miles, would of itself be ver 
great. The engine-stations, at every two miles, woul 
cost probably 10,000/. each. The stations, rolling- 
stock, &c., would further add to the cost. There 
would have to be bridges over streams, as on railways ; 
but there would not probably require to be tunnels 
or deep cuttings; for steep gradients upon an 
atmos hicio line, intended to carry only light weights 
at high speed, would be comparatively unobjectionable. 
The Waterloo and Whitehall line will have gradients 
of 1 in 33, in descending under, and rising from, the 
bed of the Thames. The whole cost of a pneumatic 
railway, for long traffic, would be probably 100,000/. 
or 125,000/. per mile. The estimate for the Waterloo 
and Whitehall, five-eighths ofa mile long, is 135,0002., 
but this includes the purchase of valuable ground, and 
the fixing of four spans of tubes, of 240 ft. each ,under 
the bed of the Thames. In its present state we have 
no doubt that the pneumatic railway is capable of 
great improvement. Mr. Rammell has already 
patented several important details, and these at pre- 
sent appear very good for their purpose; but, were 
the attention of engineers generally directed to the 
subject, there is no doubt that further and important 
improvements would be made. 








GAS IN RAILWAY TRAINS. 


For some time past gas has been in regular use for 
lighting railway carriages on many of our principal 
lines. Amongst the railways upon which it is now so 
employed are the Lancashire and Yorkshire, the 
Metropolitan, the North London, the Great Northern, 
and several others. The system generally adopted is 
that, known as Mr. Newall’s, of carrying the gas in 
bags or gasholders formed of india-rubber cloth, these 





bags being placed either upon the roofs of the carriages 
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to be lighted or in the guard’s van. In the former 
case pipes can, of course, be easily led from the gas- 
holder to the burners, whilst in the latter the con- 
nexion between the guard’s van and the different 
carriages has to be effected by flexible pipes. 


On the Lancashire and Yorkshire Railway the holders 

employed hold about 240 cubic feet each, and occupy 
a space about 6 ft. 6in. by 6ft. Gin. by 6ft. The 
holders on the North London line are similar, and are 
each contained in a compartment provided for the 
purpose in the guard’s van. The sides of the holders 
are formed of india-rubber cloth, kept in place by 
stretching-frames similar to those used in the bellows 
of an accordion. ‘The tops and bottoms of the holders 
are of wood or metal, nad the former are weighted so 
as to supply the gas to the burners under the necessary 
yressure. The holders are each furnished with a pipe 
frit a union on it, by which it can be connected to 
the flexible pipe used to lead the gas from the mains or 
from the cial reservoir ; and with another pipe, fitted 
with a cock under the command of the guard, through 
which the gas is supplied to the carriages. On the 
North London Railway this pipe is led along the 
roof, branch pipes being led from it to the different 
burners and the connexion between the different 
carriages of a train being, as we have already stated, 
established by means of flexible pipes. 

At Bow and Camden a simple but effective hydraulic 
arrangement is employed for supplying the gas ata 
suflicient pressure to fill the holders quickly ; at Broad- 
street station, however, a supply of gas is obtained 
direct from one of the holders of the Chartered Gas 
Company at a pressure equal to 44 in. or 5 in. of water— 
a pressure sullicient to enable it to be led at once into 
the holders in the guards’ vans without further com- 
pression. The hydraulic apparatus used at the Bow 
and Camden stations is, as we have said, very simple. 
It consists merely of a strong cylindrical reservoir 
fitted at the top with inlet and outlet pipes for gas, 
and at the bottom with inlet and outlet pipes for water, 
the latter being supplied under pressure. All the 
pipes are fitted with valves, by means of which they 
can be opened or closed as required; and the outlet 
pipe for the gas is also amiek at the end furthest 
from the reservoir, with a union for the attachment of 
the flexible pipe used to connect it with the holders in 
the guards’ vans. The manner in which the apparatus 
is used is as follows: Supposing the reservoir to be 
full of air, the gas outlet and water inlet valves would 
be opened, and the reservoir thus filled with water. 
When this was done the two valves just mentioned 
would be closed, and the gas inlet and water outlet 
valves opened, and the water would thus be allowed to 
escape, and the reservoir filled with gas. The next 
thing to be done would be to close the gas inlet and 
water outlet valves, and open that for the admission 
of the water, and the entrance of the latter would then 
cause the gas to be compressed to an extent dependent 
upon the head under which the water is supplied. At 
Bow the pressure used is about 10 lb. per square inch, 
and the water which escapes from the reservoir when the 
latter is being filled with gas is allowed to run to waste, 
as the quantity is small and of little value, the apparatus 
being only used for filling a few trains. At Camden, 
however, where the water is supplied by one of the 
water companies, the waste water from the gas reser- 
voir is sated available for the station water-cranes 
by means of a very simple arrangement, adopted by 
Mr. William Adams. the gas reservoir is consider- 
ably elevated, so that the waste water escaping 
from it falls into a tank beneath it, from which the 
supply is taken to the water-cranes. The waste water 
from the gas reservoir is of course not sufficient to 
supply the water-cranes entirely, and the deficiency is, 
therefore, made up by water led direct to the tank from 
the mains. 

The system of gas-lighting employed on the North 
London Railway is found to work well, the lights being 
very steady. ‘There is, however, a slight diminution 
of pressure as the gasholders empty themselves, owing 
to the sides as they fold up resting upon the bottom of 
the holders, and thus lessening the weight tending to 
compress the gas. The trains on the North London are 
well adapted for the application of gas, as, like those 
on some other lines used for local traffic, they are 
regularly made up, and there is no disconnecting or 
alteration ofthe arrangement of the carriages. On the 
Metropolitan Railway the gasholders are placed upon 
the roof of each carriage, and each carriage is there- 
fore independent of the other. In this case the train 


might be divided, if required, without inconvenience. 
On the Laneashire and Yorkshire the trains are divided 
into sections, each comprising a brake van and three 
or four carriages, and the reservoir in each brake van 





has thus to supply from twelve to fifteen burners. As 
these burners eaclt consume about 3 cubic feet per 
hour, a gasholder containing 240 cubic feet, would 
supply a single burner for about 80 hours, or the 
number of burners which we have mentioned for a pro- 
portionately less time. 

On the Great Northern Railway, gas has been 
applied to the trains running from Hatfield to Lud- 
gate, and, we believe, in some other instances, the 
system used being similar to that employed on the 
North London. ‘The arrangement employed at Kings 
Cross for compressing the gas is, however, different 
from that which we have mentioned as being in use at 
Bow and Camden, and as it is being also used by the 
Metropolitan and some other companies, we shall de- 
scribe it. It consists of a gasholder and tank, the 
former being of such proportions and weight that, 
when free, it gives a pressure of from 20 to 24 in. of 
water to the gas enclosed in it. To the top of the gas- 
holder is attached a chain, connected with a crab, by 
means of which the holder may be raised when re- 
quired, and the pressure on the contained gas thus 
relieved. A ‘intte ipe leads into the holder, this pipe 
being furnished with two branches, the one leading to 
the main and the other to the connexions for the 
attachment of the flexible pipes for filling the holders 
or gas-bags. Both branches are furnished with valves. 
To fill the holder, the valve on the branch communi- 
cating with the main is opened, and, the holder being 
raised by means of the chain and crab, the gas flows 
into it. The inlet valve is then closed, and the chain 
left free, when the holder is all ready for forcing a sup- 
ply of gas through the flexible pipes to the holders 
carried by the trains. 

In addition to the method above described, of 
carrying the gas in flexible holders at a low pressure, 
it has at different times been proposed to carry it in 
iron reservoirs at a high pressure, and employ suitable 
regulators for equalismg the supply to the burners. 
The most recent experiments in this direction are those 
which have lately been carried out on the South Eastern 
Railway by Mr. W. Dalziel, who encloses the gas at 
a pressure of about 1201b. per square inch in iron 
reservoirs placed under the floors of the carriages. 
Mr. Dalziel has invented a simple and effective valve 
for maintaining a regular supply to the burners under 
the variations in pressure, and we believe that he has 
obtained very good results. One of the experimental 
carriages belonging to the South Eastern Company 
was also recently tried on one of the express trains 
on the Great Northern line, on which occasion the 
reservoir, which was 9 ft. 6in. long by 1 ft. 6in. in 
diameter, supplied three burners for twelve hours and 
ten minutes, and at the termination of the trial con- 
tained another two hours’ supply. The system seems 
to bea promising one. Whatever system is adopted, 
it seems pretty certain that gas will soon be much more 
extensive!~ employed for lighting railway trains than it 
is at presenv. The light given by it is far superior to 
that obtained from the ordinary oil-lamps, and, what is 
more, it is cheaper, burner forburner, thanthe lamps now 
used. When the supply is furnished from a reservoir 
contained in the guard’s van, the connexion and dis- 
connexion of the pipes between the vehicles would 
occasion some trouble in cases where the trains have 
to be divided or carriages taken on on the road, but 
this inconvenience may be easily obviated by fitting a 
separate reservoir to each carriage. This last system 
also possesses the advantage that an accident to the 
pipes of one carriage cannot throw the whole train 
into darkness, as might happen when a single reservoir 
is employed. 





THE COAL QUESTION. 

Ir is very seldom that the long and wordy reports 
of the debates in the House of Commons contain any- 
thing of so much practical interest as Mr. Hussey 
Vivian’s speech, on Tuesday evening, in moving for a 
royal commission of inquiry into the subject of our 
future supply of coal. For the last three or four years 
it has been very common to hear of its coming exhaus- 
tion. Sir William Armstrong, in his address to the 
British Association at the Newcastle meeting in 1863, 
dwelt upon the great and rapidly increasing drain upon 
our natural stores of coal; and Mr. Jevons, in his 
book, has increased the alarm, and Mr. Gladstone has 
made the question one of legislation upon the unwieldy 
subject of the national debt. 

No one can object to a royal commission of inquiry, 
but wall icbeemnad persons will not expect to be made 
much the wiser by the results of its inquiries. We 
know that we cannot create coal, that what we have 
under the surface of these islands is a constantly dimi- 
nishing quantity, and that its exhaustion is necessarily 





The fear, of course, of abso- 
lute exhaustion is not so pressing as that of the increas- 


but a question of time. 
_ of coal, as. the —- es is lessened. 

ike all questions, that of the future — y of coal has 
been both ridiculed and exaggerated. eee are many 
who urge that we need give ourselves no trouble in the 
matter, and there are others, like Mr. Jévons, who; in 
his book, makes calculations, based upon the geome- 
trical rate of increase in our consumption since the 
beginning of the present century, which are manifestly 
of no value, if, indeed, they be not ridiculous. Because 
our consumption of coal has increased, there is no 
natural law whatever, nor any necessary presumption, 
that it will continue to increase in the same geome- 
trical proportion, nor, indeed, that it will ever become 
very much greater than it already is. Mr. Jevons 
makes out that while we are raising 92 million tons 
yearly now, we shall require 2607 million tons in 1961 ; 
and he arrives at this, not by a particle of reasoning or 
any kind of consideration, but exactly as an accountant 
would work out a sum in compound interest, taking 
merely a certain annual rate of increase. This he takes 
at 34 per cent.; but, because it has amounted to this 
during ten, twenty, or even fifty years, the fact of itself 
justifies no possible inference as to the future. It is 
quite as likely that with the constant discoveries in 
science, we shall yet require a gradually decreasing 
rather than an increasing supply of coal. Mr. Samuel- 
son, of Banbury, said in the debate that he was now 
producing, with 100,000 tons of coal, the same quan- 
tity of iron that would formerly have required 200,000 
tons for its manufacture. The steam-engine, when 
working with as little as 3 lb. of coal per horse power 
per hour, and which is rather an economical rate than 
otherwise, is believed to utilise less than one-twentieth 
of the heat liberated by the combustion of the fuel. In 
other words, there is what we may call a theoretical 
possibility that we may yet work engines (we will not 
say whether steam, air, or gas) with an expenditure of 
but 2 ounces of coal per hourly horse power. As for 
domestic fires, it is notorious that the present waste of 
fuel is very great. As for our exports, there is a pos- 
sibility that the increasing “get” of coal in other 
countries will before many years place them in the 
position of sellers rather than buyers. At any rate, 
there is no reason for supposing that an annual increase 
of 34 per cent. in our output of coal is to continue for 
fifty or a hundred years. Those who can remember 
the comparatively recent introduction of steam naviga- 
tion, railways, and the electric telegraph, should be 
prepared for further discoveries of equal novelty and 
importance. 

And at the same time there is every probability that 
our natural store of coal is very much greater than has 
ever been supposed. It may yet be discovered under- 
ground where it has never been suspected, and it is 
also known to exist at depths of 3000 ft. to 4000 ft. 
and upwards; and, for all that has been said of the 
difficulty of getting coal at great depths, we may be 
certain that it is perfectly practicable to ventilate 
mines as deep even as 700 fathoms, and that the lift 
of the coal will be quite within the economical capacity 
of machinery. 

We have made, elsewhere, extensive extracts from 
Mr. Vivian’s speech, which was one of unusual in- 
terest,*breadth of information, and value ; and we pass 
on now to a point which we have not yet seen dealt 
with, but which has a possible bearing upon the ques- 
tion of coal consumption. 

We have never yet heard the alarm raised that we 
were exhausting our natural store of air. Yet, vast as 
is the atmosphere surrounding the globe, we are to 
remember that, for every ton of coal completely 
burned, at least 3 tons of oxygen, corresponding to 
about 134 tons of atmospheric air, is required for its 
combustion. Every ton of the carbon of the coal 
requires 23 tons of oxygen, and every ton of hydrogen 
requires § tons of oxygen for its combustion. Yet 
although we have carbonic acid in the one case, and 
water in the other, as the products, respectively, of 
combustion, nobody supposes that there is really less 
oxygen in the world than there was before. It has 
entered merely intoa compound. But so, too, has coal. 
It is not annihilated, nor can we conceive of the annihila- 
tion of any physical element in nature. Burn coal 
how we may, we merely change the condition of its car- 
bon from a solid to a gaseous compound with oxygen. 
The coal may cease to exist as coal; but it has been the 
constant custom of writers upon the coal question to 
argue as if, when burnt, it ceased absolutely and for 
ever to exist in any form. Now, could science but 
find the means for the cheap decomposition of car- 
bonie acid, we might have the carbon of our coal 
again restored to us, to be consumed again as before, 
and to be again recovered and burnt ad infinitum. Of 
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course, like every compound known to chemistry, this 
acid is decomposible. Thus, when passed, in a dry 
state, over ignited potassium, it decomposes with the 
deposition of charcoal. Even the passage of electric 
sparks through it separates one atom of oxygen, leaving 
combustible carbonic oxide and oxygen; and so, when 
equal volumes of carbonic acid and hydrogen are 

assed through a red-hot percelain tube, the product 
is combustible carbonic oxide and water. Phosphorus 
and boron have also the same decomposing power as 
ignited potassium.. These, of course, are mere. che- 
mical possibilities, but may we, among the triumphs of 
future science, find cheaper and unfailing means of re- 
covering, upon the great scale, the carbon converted 
but not annihilated in the burning of coal? We fear 
not, but a like fear might have been equally maintained 
up to the moment of every other great discovery. .At 
present, the most powerful decomposing agent, as 
acting upon carbonic acid, is the vital power of vege- 
table assimilation. Thus plants derive their carbon 
from the air; and as all coal is believed to be of vege- 
table origin, we may conclude that the plants from 
which all the coal under the surface of the globe was 
originally formed derived their carbon from the atmo- 
sphere. And, upon the most direct analogy, we may 
believe that, whatever chemistry may do, nature will 
assuredly separate and preserve for the future use of 
man every atom of carbon which we are now sending 
out of our chimneys into the atmosphere. We do not 
of course pretend that in proportion to the consump- 
tion of coal in any neighbourhood vegetation is stimu- 
lated there. With all our vast consumption of coal 
within the last fifty years, we know that we have less 
wood now than then; but we as certainly know that 
all the carbon of the coal we have burned is still in 
existence somewhere. 

In any case we may besure that any present view which 
we may form of the coal question will, for some reason 
or other, be wholly inapplicable in 1966. We have 
other sources of danger to which we might look with 
a deeper interest than to the exhaustion of our coal. 
What will a century do for other countries? What 
will America become? Its population will probably 
reach to 200,000,000. It possesses deposits of coal 
and iron which we may really look upon as inexhaust- 
ible. A century will alter many of the conditions of 
capital and labour, and it may be that in cheapness of 
labour alone America will then be able to surpass all 
other nations in manufacturing enterprise. A century 
or two centuries is a long way to look ahead, and we 
may depend upon it that, when the time comes, there 
will be other questions than that of coal upon which 
the position of England among the other nations of the 
earth will depend. 








THE CHARTERED GAS COMPANY. 

A pIviston in the House of Commons, 169 to 138, 
has carried the second readiug of the bill, whereby the 
Gas Light and Coke Company—the oldest gas company 
in existence—will probably be yet empowered to 
transfer their extensive operations to Hackney. The 
debate, however, showed how necessarily incapable is 
any parliamentary body to decide a question of the 
kind brought before them. Of the 307 members who 
voted, perhaps not the odd seven really knew anything 
of the manufacture of gas, nor of the effect which the 
proximity of gasworks would have upon the trees and 
other vegetation of Victoria Park. The debate reminded 
us of the report of the parliamentary deputation which, 
headed by Sir Joseph Banks, visited the Chartered 
Gasworks in 1813, or fifty-three years ago, and who re- 
ported against the use of gasholders of a greater 
capacity than 6000 cubic feet, and that these should be 
enclosed in strong brick buildings,-as a precaution 
against explosion ! 

‘The Chartered Company propose to establish great 
works upon a dreary waste of ground at Hackney, un- 
fit for any other purpose, but which, at one corner, is 
distant but 633 yards from Victoria Park. The plans 
of the works show the chimneys 800 yards distant 
from the park, while the purifiers are to be 1100 yards 
off. A great agitation has been promoted at the East- 
end to protest against what is represented as the 
threatened destruction of the park, and in such a case 
there was no fear that eloquent protests against this 
piece of Vandalism would be wanting. Mr. Tite, Lord 
John Manners, Mr. Beresford Hope, Mr. Ayrton, Mr. 
Cowper, Sir John Pakington, Mr. Butler, Mr. Alder- 
man Lusk, Mr. Henley, and Mr. Alderman Lawrence, 
all spoke against the bill, upon the ground of the in- 
jury which the new works would cause to Victoria 
Park ; and yet there was no particle of evidence to show 
that there would be any injury whatever. They as- 
sumed the injury as a thing of course, and, could we 


against the bill would be very serious indeed. We 
would, as warmly as any one, protest against any mea- 
sure the effect of which would be to injure any one of 
the great metropolitan parks; but evidence in this 
direction was totally wanting im the case of the great 
gas bill. Mr. Tite, it is true, was able to quote from 
a letter from one Dr. Hooker to Dr. Miller, in which 
the opinion was hazarded that the Brentford Gasworks, 
a very small affair in its way, were undoubtedly inju- 
rious to the Royal Gardens at Kew. So far as we can 
make out this was the only alleged fact put in evidenee. 
We presume that, as going against it, there would be 
no difficulty whatever in showing that the Temple gar- 
dens have not been in the least injured duting the 
fifty years for which the City Gasworks, perhaps twenty 
— as large as those at Brentford, have existed close 

them. 

Mr. Tite spoke of the proposed consumption of 
2000 tons of coal daily in the new works as “a mon- 
strous nuisance to the inhabitants of the locality.” 
One might suppose from this that the whole solid and 
gaseous products of this consumption were to be dis- 
charged over the surrounding neighbourhood. So far 
from this, the 1300 tons of coke and the 700 tons of 
gas and tar would be most carefully kept within the 
works, not out of regard for the neighbourhood, but 
for their own value. Of the 1300 tons of coke, probabl 
300 tons would be burnt under the retorts; and this 
would produce no smoke whatever, although, like nearly 
all English coals and cokes, its contained sulphur, say 
from 4 tons to 5 tons, would combine in a correspond- 
ing quantity of sulphurous acid, of a specifie»gravity 
2+ times greater than that of air. But we. are to re- 
member that of the 8,000,000 tons of coal burnt yearly 
in London, at least 100,000 tons are sulphur, and that 
200,000tons of sulphurous acid are thus produced yearly 
in our midst, not only unconsciously, but almost, if not 
entirely, beyond the means of chemical detection. As 
for the other products of gasworks, the gas, the tar, and 
ammoniacal liquor are carefully saved, and very little 
escapes. Mr. Cowper, the First Commissioner of 
Works, was under the impression that the visitors to 
the Victoria Park, in case the proposed gasworks were 
erected, would breath a mixture of sulphuric acid, gas 
tar, and ammonia. All that they onal get, at a dis- 
tance of half a mile, would not, we may confidently 
state, do them any harm, and it is most improbable 
that they would be conscious of any odours at all. If 
the members of parliament who legislate so confidently 
upon such matters would take the trouble, as we have 
done, to visit all the gasworks of London, they would 
find that the larger establishments, although certainly 
unattractive, are by no means offensive. e will ven- 
ture to say, that if that artistic fop, Mr. Beresford 
Hope, who invariably professes susceptibilities beyond 
those of ordinary men, will consent to ride with us in 
a close brougham with the curtains drawn, he shall 
pass every gasworks in London without knowing it, 
and that his suspicions of gas shall in every case be 
referable to other works. 








COAL UNDER THE PERMIAN ROCKS. 

In Mr. Vivian's speech upon the future supply of coal, he thus 
dealt with the question of coal under the new red sandstone and 
the magnesian ) orem He had taken some trouble to ascer- 
tain the thickness of the Permian formation. He could not find 
that either Professor Phillips or Sir Charles Lyell gave this in- 
formation in their works. But Mr. Jukes, a member of the 
Geological Survey, said that ‘‘the thickness of the Permian 
formation is believed to vary almost indefinitély within the 
limits of 1000 to 3000 ft.” Mr. Hull said that the thickness of 
the Permian formation was in South Staffordshire 600 ft., in 
Denbighshire from 1000 to 2000 ft., in Lancashire from 356 to 
650, in Warwickshire 2000 ft., in Derbyshire and Yorkshire 
130 ft., at Shireoaks in Nottinghamshire 196 ft., and in the 
Great Northern coalfield from 500 to 600 ft. Then there was 
the Trias formation. Professor Phillips took a typical point in 
the Vale of Severn district, and computed that the depth of this 
formation was 1350 ft. He also quoted Mr. Ormerod, who said 
that in Cheshire it was 1700 ft. thick. Sir Charles Lyell esti- 
mated its thickness in Cheshire and Lancashire at between 
1000 and 1500ft. Mr. Jukes said that in South Staffordshire 
it was 2100 ft. thick. Mr. Huil found that in Somerset it was 
from 270 to 120ft. thick, in South Staffordshire 1200 ft., 
in Lancashire 4750 ft., in Leicestershire 900 ft. ‘These figures 
showed the lowest thickness of the Permian formation to be 
130 ft., and the highest 3000 ft., while the Trias was from 
120 ft. and up to 4750 ft. But if both together were taken at 
from 2000 to 3000 ft. thick, coal would still be easily attainable 
from below them. These, however, were for the most part geo- 


these hard rocks had been penetrated, and a very valuable 
colliery had been won. In Leicestershire Lord Maynard had 
sunk a shaft through the new red sandstone, and Mr. Holds- 
worth, writing on the subject, said: 

“Viscount Maynard on the faith of the sub-trenching mea- 
sures to the southward made many years ago the bold experi- 
ment of boring for them on his Bagwath estates, and after up- 
wards of three years’ incessant labour succeeded in the discovery 
of a richly-stored new coalfield, and some of its.valuable seams 
are now being extensively wrought. At this spot, not far from 
the Ashby coalfield, although the sinkings commenced in the 
uppermost beds of the red marl formation, the whole series 
proved to be only 105 yards thick (equal to 315 ft.) to the coal 
measure, thus showing the absence of the Permian and the 
trenching of the coal and its concomitants to the southward at 
moderate depths beneath the upper new red rocks.” 

At West Bromwich, where Lord Dartmouth had pits, coal had 
been won through the Permian strata; at Cannock Chase a 
very large coalfield had been opened up throngh+the lower 
— of the new red sandstone; and in ‘Worcestershire, in 

alesowen Valley, extensive borings were being carried on 
through the red rocks; and one of the landmarks known to 
miners as “ black ring” was found; and an estimate was made 
of thick coal at a depth of only 500 ft. Mr. Jukes said that at 
Lord Dartmouth’s pits coal had been won through Permian at 
West Bromwich, 806 ft.; at Lyng Colliery, 550 ft.; at Lewis- 
ham pit, 815 ft.; and at the Terrace pit, through 135 ft, of red 
rock, ese were moderate depths, and the moral of these 
various figures was that when these rocks were tically dealt 
with, they would be found to be of very much. less thickness 
than had been supposed. This was really an enormous question, 
for these formations from below which at various spots coal had 
been worked and won occupied an area three times that of the 
known English and Welsh coalfield, and. they were twice, as 
large as the known coalfield of England and Wales and Scotland. 
He had had the area of tie Trias and Permian formations mea- 
sured by a surveyor from the Ordnance map, and they occupied 
an area of 9412 square miles, the area of the English coalfield 
being 2779, and that of Scotland 1720; together 4499 square 
miles. He did not say that coal existed under the whole of 
these hard rocks. If anybody was to imagine the map to be 
like a great red shawl with a black fringe, he would have a 
pretty good idea of this great coalfield. We were in the habit 
of talking of the coalfields of North Staffordshire and of South 
Staffordshire, of South Lancashire, and so on, but .these were 
merely outlying portions of the great coalfield. Then, in the 
case of the great northern formation, extending from Notting- 
ham on the south to South Shields on the north, we had the red 
shawl with the black fringe over again. He had by no means 
done with the more recent formations. The formation which 
came next after the trias was the lias. In the Bristol and 
Somersetshire ¢oalfields there were considerable workings be- 
neath the lias formation. There these formations, of, which he 
had been talking, were extremely thin, and coal had been won 
through them. And yet a few years ago no geologist could have 
dreamt of winning coal through those formations, Mr. Hull 
said that— 

‘* Shafts penetrating the lias and red marl into the coal have 
been sunk at Paulton and Timsbury, and another near Rad- 
stock, commencing in the upper beds of the lias, reaches coal at 
200 fathoms.” 

It was quite impossible to say whether the red rocks beneath 
it might thin out; if so, there would be at least a repetition 
of the present coalfield. He did not rest much upon that 
eventuality, but still.it was. possible. And this led him to 
another curious question—namely, that of the existence ot 
coal in south England. Now it was certain that coal existed 
along the whole of the south of England—in point of fact, it 
existed beneath the very floor of that House. ‘There were 
enormous beds of lias along the south of England, He then 
came to the t green sand formation, which showed itself in 
the Isle of Wight, and then to the chalk. But, in order to deal 
fully with this question, he must back to South Wales. 
From South Wales. two great parallel lines ran, passing under 
London and embracing nearly all the great coalfields of the 
north of Europe, including those of France, Belgium, West- 
halia, Saxony, and Silesia. That was a very curious fact. 
The great question, however, was what was the thickness of the 
strata superposed above that crop, They had to go only a 
short distance across the Channel to find these coalfields, within 
a few miles of Boulogne, where, according to Mr. Hull, “ the 
coal actually reaches the surface.” Then again in the neigh- 
bourhood of Valenciennes pits had been sunk through the chalk, 
and they were winning and working large quantities of coal 
from beneath. Valenciennes was on the sume continuous for- 
mation as London. Let any one travel along the north of 
France, and then come over to this side of the water, and say 
whether there was any geological difference on both side of the 
Channel. Were not the white cliffs on the one side the same as 
the white cliffs on the other? He took it for granted, then, that 
there was very strong ground for belief that at some day, per- 
haps not very distant, cual might be found in the neighbourhood 
of London and along the south of England. That was a thing, ' 
however, which nothing but the point of the pick and borer. 
could determine. 





== 





Waste or CoA 1x MininG.—In Mr. Vivian’s speech, the 
other evening, he said, ‘‘ Some systems of working were far more 
economical than others. The most wasteful was that known as 
the ‘stall and pillar’ system, which he was glad to ‘was 
gradually being abandoned. He had heard the waste by this mode 
of working estimated at 10 to 30 per cent. On this point he might 
refer to the authority of Mr. Bassett, an engineer of some 





logical data. Now, it was extremely difficult to determine the 
thickness of strata. They were spread over a vast area, and as | 
you had pethiog but railway cuttings or lodes to depend upon, | 
it was impossible to tell the exact thickness of strata from sur- 

face indications. In the salt works, where shafts had been sunk, | 





were for the most part unreliable. 
been sunk through at various points. 





be even reasonably certain of such injury, the case 





had been got, though hardly a generation since the highest 
authorities stated that no coal existed there. At Shireoaks, | 


eminence in South Wales, who acted for Lord Tredegar, and 
had charge about 50 collieries for ‘the lessors. Mr. ie 
Ww. 


in 
a paper read before the Institution of Engineers in South es, 


gave six instances, and the following was the result with regard 
to five of them: 27 acres, 
there were, no doubt, more reliable data; the surface indications | cent. loss; 12 acres, No. 2, ditto, 2.14 per. cent, loss; 
But all these strata had | acres, No. 4, 30.43 per cent. loss; 88 acres, No. 5, 
In Durham the Permian | 34.09 per 
strata had been thus treated, and an enormous quantity of coal | cent. loss. Undoubtedly there were various’ differences in the 

instances referred to, and he did not believe that such losses as 
those usually occurred.” 


No. 1, Longwall, Somerset, 6.40 per 


36 
ditto, 
cent. loss; 64 acres, No. 6, ditto, 39.84 per 
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GJER’S COKE OVENS, LLOYD AND CO’S IRONWORKS. 
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Tue arrangement of coke ovens, of which we give elevations 
and sections in the accompanying engraving, is one which has been 
designed and patented by Mr. John Gjers, of the Linthorpe Iron 
Works, Middlesbrough, 80 as to enable those ovens which are in 
full work to communicate a portion of their heat to the gases rising 
from the coal newly charged into the other ovens. This is ac- 
complished in the following manner: The ovens are placed side | 
by side, and the division walls have formed in them a number of 
vertical flues, as shown in Fig. 2, and in the plan, Fig. 3. The 
upper ends of these flues communicate alte“nately with the ovens 
on each side of the walls, as will be seen from the sectional plan 
at the upper part of Fig. 8; and, except in the case of the 
end flues, each flue ot each oven passes down between two flues 
of the ovens adjoining. The lower ends of the vertical flues be- 
longing to each oven communicate with horizontal flues arranged 
ealerscath the floor of the oven, as shown in Fig. 3, and from 
these flues the gases pass into the vertical flues leading to the 
chimney. 

The ovens shown in our illustrations are 11 ft. 6 in. long by 
6 ft. wide inside, and are 7 ft.6in. high at the centre. They 
each have eight vertical flues on each side, these being placed at 
such a distance apart as to accommodate between them the corre- 
sponding flues of the adjoining ovens. These vertical flues are 








9 in. by 44 in., and the walls which divide them from the flues 
of the next oven are 4} in. thick. They communicate at their 
lower ends with the horizontal flues under the floors of the ovens, 
these flues being each 13) in. wide by 1 ft. 6in. high at the 
centre, and being arranged so that the gases have, as shown by 
the arrows in Fig. 3, to traverse the length of the oven twice 
before reaching the chimney. Each oven communicates with 
the chimney by two flues, each about 12 in, by 15 in., and when 
the ovens are arranged as shown in the engravings, each chimney 
serves for two ovens. The plan of arranging the ovens in a 
double row, back to back, with a separate chimney to each pair, 


| is preferred by Mr. Gjers, as it gives very perfect command over 


the draught of each oven; if, however, circumstances should 
render it desirable, the whole of the ovens can be connected to a 
single shaft in the ordinary way. Each of the uptakes is pro- 
vided with a sliding damper, as shown by Fig. 4. On the top of 
each division wall, between the springings of the arches forming 
the roofs of the ovens, is placed a cast-iron trough girder. These 
girders, two of which are shown in section in Fig. 2, have a 
series of holes along the bottom of each of them, the holes being 
so placed that each of them is above one of the vertical flues 
already mentioned, and, by means of a corresponding hole of the 
brickwork, is in communication with it. ese holes, which 











are generally closed by plugs, serve either for the admission of 
air to the flues when desired, or for the introduction of a bar for 
clearing the flues. Arched openings are also provided in the 
face walls of the ovens, through which the horizontal flues 
under the floors can be cleaned out when required. 

The opening in the front of each oven, through which the 
charge can be withdrawn, is 4 ft. wide by 5 ft. high in the centre, 
and is furnished with the usual door. The charging of the ovens 
is —— through openings in the roofs, each oven being pro- 
vided with two charging holes, each 1 ft. 6 in. in diameter, and 
placed as shown in Figs. 2, 8, and 4. The charging holes are 
closed by cast-iron doors, furnished with plugs of ieosian, which 
og them from the heat of the ovens. h cover has four 

oles formed in it, and is furnished with a revolving plate, by 
means of which the degree to which these holes are left open can 
be regulated at pleasure. Above each row of ovens there is carried, 
between the charging holes, a line of rails as shown in the sectione 
Fig. 4; these rai ing supported by standards fixed to the 
trough girders, which we have already mentioned as being placed 
upon ‘the top of the division walls. m 

In working these ovens, the charge of each alternate oven 1s 
drawn at a time when the ovens on each side of it are in full 


work, and, the door through which the charge has been with- 
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drawn being closed, the ovens are re-charged through the top 
openings. The top covers are then replaced, the holes in them 
being left wholly or oper open for the admission of air. The 
gases rising from the newly charged coal, mixed with the air 
admitted at the top of the oven, enter the side flues, where, 
being highly heated by the heat communicated from the flues of 
the adjoining ovens, they inflame and are thoroughly consumed. 
This immediate combustion of the gases arising from a newly 
charged oven saves a good deal of the loss of time and available 
which takes place in an oven of the ordinary description, 
rom the temperature of the flues being too low at first to cause 
the ignition of the gases. If the air adinitted through the open- 
ings in the charging doors is not sufficient to enable the gas to 
be completely consumed, a further quantity can be admitted 
into the side flues throngh the holes in the trough girders, but 
in practice Mr. Gjers finds it preferable to admit the whole of 
the supply at the top of the ovens through the covers of the 
charging holes. The heat generated in the flues is very intense, 
and it is therefore necessar 
lined with very refractory firebricks, or still better with ganis- 
ter bricks. It is also necessary that the ovens should be built 
upon a foundation which will not be affected by heat. The first 
ovens erected by Mr. Gjers upon this principle were placed too 
close down upon a substratum of clay; this clay was contracted 
by the heat, and somewhat disturbed the cross walls and tirst 
arches, giving some trouble. 

Mr. Gjers has now had three experimental ovens (constructed 
as shown in our engravings) at work for some time, and has 
found them to give excellent results, the yield of coke being from 
12 to 15 per cent. greater than from the ordi round ovens. 
When the ovens are charged with coal to a depth of 4 ft., or with 
from 8 to 9 tons of coal each, they can only be drawn twice a 
week, but the coke produced by them will then be of the very 
best quality and of great strength and hardness. If, however, 
the ovens are charged with South Durham coal to a depth of 
2 ft. 6 in. or 3 ft., or with about from 5 to 6 tons each, they can 
be drawn three times a week, and the coke, although not so fine 
as when a heavier charge is worked, will still be of excellent 
quality. Our engravings were 


t epared from working tracings 
kindly supplied to us by Mr. J. . . 


pr 
Gjers. 


NEILSON’S DOUBLE BORING-MACHINE. 

A FEw weeks ago we gave in this journal (vide page 287 of 
the present volume) an illustrated description of a large boring- 
machine constructed by Messrs. Wm, Collier and Co., and we 
now give an sograving of another variety of such mac'ines made 
by Messrs. Neilson Brothers, of the Albert Works, Glasgow. 








ON BROTHERS’ BORING-MACHINE. 





that the whole of them should be | fixed 
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The machine in question is a double one, and is specially adapted 
for boring out the bosses of railway wheels. ' 

The upper frame, carrying the driving-gear, is supported by 
three standards, about 4ft. 9in. high, fixed to the bed-plate. 
These standards are not situated at equal distances apart, but 
are placed, as shown in the engraving, so as to have spaces 
between them 7 ft. 10 in. and 5 ft. 4in. wide, respectively. In 
the larger space is arranged a table, upon which can be placed 
engine driving-wheels of large diameter, whilst in the smaller 
space is situated a smaller table suitable for carrying-wheels. 

here is a separate set of strap cones to each side of the machine, 
and these communicate the motion to the boring bars by means 
of arrangements of gearing, each similar to that used on the head- 
stock of a lathe, and by bevel-wheels, as shown in the illustra- 
tion. The boring spindles are of cast steel, and their downward 
feed is effected by means of pinions gearing into racks on their 
upper ends. Each of these pinions is situated upon an independ- 
ent shaft, carrying also a worm wheel into which a worm, 
ixed upon a vertical spindle, gears. These vertical spindles 
have, at their lower ends, the usual hand-wheels, and they are 
also provided with rachet-wheels and rachets for giving a self- 
acting feed. The rachets are driven by crank-discs p at 
the top of short vertical spindles having at their lower ends 
pinions, driven by wheels, fixed upon the boring spindles, as 
shown in the engraving. The machine appears to be well 
adapted to the work for which it was designs, | the combination 
of two machines upon a single frame rendering the whole ar- 
rangement a very compact one. 








Coat Estmates.—Mr. Vivian, in his speech to which we 
have elsewhere referred, said the only thorough geological survey 
ever made was that of South Wales; he had tested it, and he 
had found it wonderfully accurate. Mr. Hull’s was the only 
general estimate yet made, He did not desire to criticise Mr. 
Hull’s book in a hostile spirit; but he objected to the method in 
which Mr. Hull had estimated our mineral wealth. In the dis- 
trict of South Wales, supposing —_ seam of coal still to exis 
which was not the fact, there would have been 73,000,000,000 
tons of coal. Mr. Hull first deducted 25,000,000,000 for denu- 
dation. It was scarcely possible for any one merely from plans 
and sections to estimate what the deduction from the original 
quantity ought to be; but Mr. Hull deducted nearly one-half at 
one fell swoop, and reduced the 73,000,000,000 tons to 
48,000,000,000 tons. Deducting one-half for the quantity of 
coal below 4000 ft. in depth, Mr. Hull reduced 48,000,000,000 
to 24,000,000,000, and from that deducting one-third for waste, 
he only left 16,000,000,000 tons. ‘This calculation was a great deal 
too rough, and no great faith could be placed in a statement of 
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that nature. At the time the French treaty was entered into, he 
gave an estimate for the South Wales coalfield. As Mr. Hull’s 
estimate was different, he had published a pamphlet, stating the 
grounds agen which he had made his calculation, and showing 
wherein Mr. Hull’s estimate could hardly be correct.. The thick- 
ness of the coal he had assumed to be 60 ft., and by making a 
calculation backwards he found that Mr. Hull had taken the 
thickness at 274 ft. That must bean erroneous calculation. In 
what _ of the field could he find such a barren ground? 
Probably, in consequence of his strictures, Mr. Hull added, in 
Mr. Jevons’s book, 10,000,000,000 tons, taking the thickness at 
443 ft. If Mr. Hull would allow him 16 ft. more he would under- 
take that his estimate of 36,000,000,000 tons should be fully 
borne out. The question between them was mainly one of 
depth. ‘The 4000 ft. limit of Mr. Hull was not far from the 
truth, and 6000 ft would exceed his estimate. He on to 
the South Yorkshire and the Derby coalfield, and here by the 
same process he made the original estimate as if every seam had 
continued through all time to exist. The on total quantity 
of coal there was estimated at 33} thousand million tons. Mr. 
Hull's estimate of the net quantity was 17,000 millions, and he 
then deducted a quarter for worked coal and quarter for waste, 
which reduced the total available for 8000 millions. This cal- 
culation might be perfectly true, but these were enormous 
figures, and it would not do torest upon such rough calculations. 
There must be a thorough investigation, and the quantity we 
had got must be really ascertained. Now he had carefully cal- 
culated the production of the fifteen principal coalfields in Eng- 
land, and his estimate was 235,000 million tons, while Mr. Hull's 
estimate was 134,000 millions, from which deductions were 
made reducing the available quantity to 64,000 millions. Such 
rough calculations as these were hardly worthy of the place they 
had occupied in the attention of the House. He did not think 
that any great difficulty would arise in investigating tne subject. 
If the commission for which he asked were appointed, and 
placed itself in communication with first-class viewers in different 


t, | parts of the country, they might take the area in which various 


seams of coal and ranges of seams were known to exist, and look- 
ing at these in the a manner as ay man would who was 
going to purchase mineral property, a fair approximate estimate 
am. | be got of the quailty of coal we on likely to have for 
all future time. If a-sound estimate of this kind, in which the 
country could place confidence, were once made with the as- 
sistance of those locally acquainted with the subject, it need not be 
repeated, because Mr. Hunt calculated with great care every 
year the quantity worked in each field, and by deducting these 
quantities, it was always possible to arrive at the amount of coal 
that was left. 
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EXPANSION OF IRON STRUCTURES. 


In designing iron structures, it is highly essential 
that the liability to change of form from variations of 
temperature should be duly considered, and proper 
precautions taken to facilitate any,agovement which 
may take place ; otherwise wodee rs may occur 
on certain portions of the work. anical engineers 
are much les likely to shirk thig, duty than civil 
engineers, since in one case defectiyg.provision for ex- 

ansinn and contraction soon evidenges itself in leaky 
joints, cracked flanges, and broken stays, whilst in the 
other case it is quite exceptional to'get any manifesta- 
tions of the samé. defects ; although, of course, the 
internal strains aré not the less prejudicial because not 
apparent. In constructions, of whieh the Exhibition 
building of 185lemiay..be. considered the type, where 
long lines of ironwork ‘are pétuliarly exposed to the 
influence of changes of temperature, it is not too much 
to assert that some more perfeeb provision for ex- 
pansion should be made than js afforded by the 
insertion of a few useless wooden wedges, which only 
serve as a record of the fact that the necessity of some 
precautions has not been overlooked. In this respect 
ourlast Exhibition building contrasts unfavourably with 
the more scientific arrgngement of the one erected in 
Paris, where the difficulty. wasboldly faced from the 
first, and the design based upon the principle that no 
long unbroken lines of ironwork were to be considered 
admissible. 

The observed twisting of soni¢. continuous girders 
from thé effects of expansion has; sometimes been 
brought forward as evidence that_.¢hanges of tempera- 
ture detract from the economy of that mode of con- 
struction, But it is certain no twisting could take 
place ima properly designed strueture, even if there 
were ng@.better provision for movement than the ordi- 
nary sugall rollers ; indeed, when it is considered that 
a long portion of a continuous girder is in tension, a 
state of stable equilibrium, it is obvious that the 
bracing,powers of the platform and the stiffeners 
must bé@,wvery deficient to admit of any twisting of the 
girder from such a cause. Now, although there is no 
chanceof injury to a bridge fromjexpansion if rollers 
be usedgthis is no proof: that sueh an arrangement is 


well ted to its* duties. Rollers are always liable 
to get jammed, either by twisting or by wearing 


flat andrusting up, whereas, in.a perfect arrange- 
ment, there should be little resistance to movement, 
no wed, and’'no. liability to get. fixed—conditions 
easily. fuldled by methods sufficiently obvious, if we 
take advantage of the natural flexibility of a moderately 
thin plate of iron or steel in the means of support to 
the girder. Such an arrangement would be analogous 
in principle to the bends in pipes, which are often sub- 
stituted for socket joints, 

In arches there is a structural provision of this 
nature, in the curvature of the iclind ribs, and in this 
country, it is seldom considered necessary to provide 
any further facility for movement from expansion or 
contraction ; on the Continent, however, it is a very 
common practice to hinge the ribs ‘at the springing. 
The fine bridges erected, by Mr, Fowler, across the 
Severn, illustrated in a recent number,* are examples 
of the latter mode of construction.: It will be seen, 
by reference to the engravings, that the ends of the 
ribs, and the shoes, are curved toa radius of 2 ft. 4 in., 
thus giving the arched rib the option of turning on the 
centre from which the curve was struck as an axis. It 
was observed, however, during the erection of the 
bridge that, although there was sufficient variation of 
temperature to make the arch rise 1} in. at the crown, 
no movement, at all was perceptible at the shoe. It 
may not be uninteresting to consider how much, if any, 
movement might have been expected, under the given 
conditions, since it is at first sight anomalous that so 
great a rise as 1} in. could take place at the crown, 
without registermg the movement by turning the 
arched rib in the shoe at the springing. It will be 
convenient, in the first place, to determine the range of 
temperature within the limits of which no movement 
would take place; and, in the second place, to ascer- 
tain the probable movement from any given variation 
of temperature beyond those limits. 

Now the average strain, in tons per square inch (¢), 
on the cross section of the arched rib a: the springing 

, : Wr,? 16 
will be expressed by the equation ¢= - t/ tS 

a r2 

W being the distributed load in tons, r the ratio of 
span to rise of arch, anda the sectional area of rib at the 
8 In the case under consideration, from data 
orded 4 the previous description, we find W=240 
tons, about, r= 10, and a=160 square inches ; substi- 
tuting these values in the above equation, we find the 
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average strain at the springing, when the bridge is 
covered with a rolling load of 14 tons per foot of single 
line of rails, to be about 2 tons per square inch, about 
one-half of which is produced by the rolling load alone. 


Again, the co-efficient of friction for surfaces such 
as the round-ended rib and shoe, although prepared 
with the greatest practicable amount of care and ac- 
curacy, cannot be safely taken at less than 4, even 
when the surfaces are new. ‘The resistance to turning 
of the rib in the shoe is the same as if the rib were 
fitted with a journal, of the same radius as that to 
which its end is struck ; in fact, the routid end of the 
rib and the shoe are only portions of such a journal 
and bearing. The power required to overcome the 
friction will, of course, be in direct proportion to the 
radius; and since the co-efficient of friction may be 
taken at }, the centre of pressure must be a certain 
distance (z), at least + the radius from the axis of the 
rib at the springing, before there would be any ten- 
dency to movement of the rib in the shoe. Now, 
assuming the arched ribs to be fixed at a certain tem- 
perature, any increase,on that amount would shift the 
centre of pressure, above the axis of the rib at the 
springing and below it at the crow; whilst.a fall of 
temperature would produce the reverse effects. The 
number, of degrees (n), rise or full of temperature, 
which would be required to shift the centre of pressure 
the distance (x) from the axis of the rib at the spring- 
ing, or, in other words, the number of degrees Mone 3 
which might take place without producing any move- 
ment of the rib in the shoe, will be expressed approxi- 
1l6¢d2x 

9Sr 
of span (S) to depth of rib. In the Severn bridge the 

4" 


== 63 in., S=200 ft., d—=50; and we 


have previously found the value of ¢ to be 2 tons, 
when the, bridge*is fully loaded, and about 1 ton when 
light. Under the first conditions, therefore, a rise or 
full of temperature of 30°, or a total range of 60°, 
might take place, without any indication of the fact at 
the shoe ; and under the latter conditions, rather less 
than half the respective amounts would be required. 
Having thus arrived at a solution of the first portion 
of our question, it is necesary to determine the amount 
of movement which would take place at the shoe from 
any variation of temperature beyond the limits just 
arrived at. 

Now the rise or fall in inches (3) of an arch, at the 
crown, corresponding to any given increase or decrease 
of temperature is, approximately, given by the equation 

Sra 
= 48,000 * 8% in the present case, a rise of 1} in. at 


mately by the formula x= , @ being the ratio 





value of x is 


the crown would result from an increase of 30°. Again, 
assuming the friction of the shoe to be overcome, any 
given movement, 8, at the crown, would produce a corre- 
sponding movement, in the contrary direction, at the 
shee in direct proportion to the radius of its curvature ; 
and the amount of this movement in inches would be 
4rad & 


about But the observed rise of the Severn 


bridge at the crown was 1} in.; and since, under the 
most favourable conditions, at least 14in. of that 
amount, if loaded, and of an inch if unloaded, we 
have ascertained, must have been absorbed by friction, 
there only remained a movement of }th of an inch or 
4 of an inch, according to the condition of the load, 
available for turning the rib in the shoe; and, by the 
formula given, the amount of movement indicated 
should have been »,th of an inch, or sth of an inch 
respectively. However, these movements are so 
minute that they might easily have passed unnoticed 
at first; and they are certainly too small to give any 
hope that the capability of motion, even to the extent 
of cracking a coat of paint, would not be effectually 
destroyed, in less than a month, by the moving parts 
rusting together, thus justifying the report that not 
the least movement was perceptible. 

The question naturally suggests itself, Is this im- 
perfect action of the round-ended rib a defect in the 
construction of the arch ?—because, if it be so, other 
arrangements might be designed, somewhat similar to 
those adopted in some of the Continental bridges, in 
which the friction would be much less and the action 
much more certain. We are inclined to think that, 
under the circumstances, no more sensitive arrange- 
ment would be desirable. By the adoption of the 

. Ss . 
round-ended rib a perfectly fair bearing on the shoe 
and abutment was ensured, which we take to be the 
most important part of its duty; whilst, to a certain 
extent, the injurious effect of any undue local settlement 
of the abutment was guarded against. The fact of the 
rib and shoe getting fixed, after the erection of the 
bridge, is of small moment, since the maximum increase 





of strain on that account is under 4 ewt. per square 
inch—an amount of compression which, on cast iron, 
is quite insignificant. X. 








EXPERIMENTS ON COAL. ‘* 

Siyce October last, a valuable series of experiments 
has been carried on at the works of the Wigan Coal 
and Iron Company (formerly the Kirkless Hall Coal 
and Iron Company), at Wigan, with a view of ascer- 
taining the best mode of burning Lancashire coal, and 
determining its evaporative value. The experiments 
have heen undertaken with the object of placing the 
coal of the district on an equality with the coals from 
South Wales and the north of England, and thus ob- 
taining for it the advantage of a place on the Admiralty 
list ; and they are being carried out by Dr. Richardson, 
of Newcastle,‘and Mr. L. E. Fletcher, the engineer to 
the Manchester Association for the Prevention of 
Steam Boiler Explosions. As much interest had been 
manifested in the progress of the experiments, a meet- 
ing, which was attended by many of the members of the 
South Lancashire and Cheshire Coal Association, was 
held at the works of the Wigan Coal and Iron Company, 
last Monday week, when a report of the trials was pre. 
sented by Mr, Fletcher, and the arrangements used for 
the experiments inspected. 

From Mr. Fletcher’s report, which was -very com- 
plete, it appeared that the results of the trials were ex- 
ceedingly satisfactory. In conducting the experiments 
notes were taken of the weight of coal burnt, and the 
quantity of water evaporated, as well as of the tempera- 
tures of the feed-water, of the gases in the smokebox, 
and of the atmosphere, and the amount of draught. in 
the chimney. Observations were also constantly made 
of the amount of smoke evolved. At the commeice- 
ment of the trials, the results obtained at her Majesty’s 
dockyard at Keyham, during some experiments on the 
evaporative value of Hartley and Welsh coals, were 
consulted, and it was determined that the highest of 
these results should be adopted as the standard which 
it was desirable to reach. The preliminary experi- 
ments were conducted with one kind of coal only,:the 
object being to ascertain the manner in which this eoal 
could be most effectively burnt under a boiler having 
the cramped proportions of that used at the Keyham 
dockyard. In carrying out this plan, the arrangement 
of the furnace had ‘to be frequently altered ; thus the 
firegrate was tried at various heights or distances from 
the crown of the furnace ; the length of the grate.and 
the thickness of the bars were also varied, and so were 
the amount of windage, the area of the perforations in 
the fire-door, the description of the fire-bridge and area 
of vent, the amount of draught in the chimney, &c. 
Experiments were also made upon the different methods 
of firing, the coals being in some instances thrown on 
to the dead plate and then pushed forward towards 
the bridge, and in others spread over the fire at once, 
whilst thick fires and thin were also tried, and the per- 
forations in the fire-door were in some cases left open, 
and in others opened intermittently on the addition of 
each fresh charge of fuel. 

The experiments have thus involved a considerable 
amount of labour, but the preliminary investigations 
have been concluded, and the trials are now to be ex- 
tended to various kinds of ‘coal. As we have already 
mentioned, the results obtained have been very satis- 
factory, it having been found that the South Lancashire 
coal can be burnt without the production of smoke, 
and that it possesses great evaporative power. On 
the day on which the meeting was held, 11.079 lb. of 
water were evaporated by 1 lb. of coal, and 47.912 
cubic feet of water per hour were evaporated in the 
experimental boiler; this was an excellent result. 
The experiments have throughout been conducted 
with the greatest care, and whenever a result has been 
obtained, which seemed to the experimenters to be 
somewhat exceptional, the experiment has been re- 

eated in order to avoid the chance of error. It has 

een found, contrary to general expectation, that the 
best results were obtained with Lancashire coal by 
thick firing. This result seemed to the experimenters 
to be so contrary to previously accepted opinions, that 
the trials of thick firing were repeated in every pos- 
sible form before the accuracy of the results were 
acknowledged. Altogether, the series of experiments 
now in progress at Wigan is a very valuable one, and, 
when completed, the data which it will afford will be a 
most useful addition to our information on the subject 
of coal-burning. After the meeting last Monday week, 
the company present adjourned to a lunch provided by 
the Wigan Coal and Iron Company, the chairman of 
the company, Mr. John Lancaster, to whom the carry- 
ing out of the experiment is ina great measure due, 
presiding on the occasion. 
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RECENT PATENTS. 


JoserpH Naveavux, No. 1759, a.p. 1865, has taken a 
patent for steam brakes for railway carriages. Fixed 
to the framing, between the wheels, on each side of 
the carriage, is a cylinder of which the axis is bent, so 
that the piston-rod through each cover points, at a 
considerable inclination from the horizontal,; down to 
the brake blocks. Steam is to be taken from the 
engine through a system of pipes and couplings, and, 
being turned upon the pistons in the bent cylinder, will 
press the brake blocks against the wheels. Nearly the 
same system was tried ten years ago on the Shrewsbury 
and Hereford Railway, and also on one of the railways 
running out of New York, in the winter of 1854-55. On 
the American lines every carriage has its brake, and it 
was hoped that a considerable saving in the wages of 
brakemen might be effected by the use of steam. India- 
rubber coupling pipes were used. The system was 
soon abandoned, however, as the pressure obtainable 
in the cylinders of the hind carriages of the train was 
very slight, and the trouble with the couplings, and 
that occasioned by condensed steam, &c., was too great 
to leave any margin of sensible advantage. 

Martin Benson, the patentee of the Benson boiler, 
and the well-known proprietor of the California 
pump patent, has patented a steam pump, No. 1760, 
A.D. 1865. There is the usual steam cylinder and 
pump-barrel, doth on the same bed-plate, the steam 
piston and water piston being both fixed to opposite 
ends of the same rod. As in most pumps of 
this class, there is no crank and fly-wheel. The 
piston-rod has a jointed rod attached to it, which 
works a vibrating arm, whose centre of motion is that 
of a vibrating steam valve on the steam cylinder. 
This valve is only moved by the vibrating arm when 
the piston is near the ends of its strokes ; and when the 
valve is moved through about half its full range of 
motion, a sort of toggle joint and spring effects the 
remainder of its motion independently of the action 
of the pistons. The vibrating valve is a hollow cone. 

L. H. G, Ehrhardt, patents (No. 1761) a parallel 
vice, in which a worm, on one end of the spindle turned 
by the handle, gears into a rack formed upon a prolong- 
ation of the outer jaw. Not new. 


James E. Wilson, No. 1769, patents modifications, 
which we cannot regard as improvements, in locomo- 
tive engines, the engines shown being eiglit coupled. 
Instead of the connecting rods working direct upon 
one of the pairs of wheels or their axle, an interme- 
diate shaft without wheels is employed, as in the older 
engines of the Stockton and Darlington Railway, and 
in the inside cylinder Crampton engines on the South 
Eastern Railway. We fail to see the object of this 
shaft, and of the increased number of coupling rods 
and pins which it involves. End play in the bearings 
of the front and hind axles is mentioned as if it were 
patentable. Mr. Wilson patents a form of spring in 
which the plates are separated by blocks at the centre, 
and in which the ends of the plates come successively 
into contact as the load increases. is idea is very 
old, and some of the plates would set so as to bring 
all the ends into contact at last, even when the load 
was off. Mr. Wilson’s final improvement consists in 
deeply dishing the crown of the locomotive firebox, 
with the object of dispensing with crown bars. The 
tendency to further distortion is to be resisted only 
by the side stay bolts, and although Mr. Wilson says 
nothing of these, by the tubes. 

W. E. Gedge, No. 1771, patents, as a communication, 
a circular railway for pleasure purposes. It is to be 
59ft.in diameter, and therefore, according to Mr. Gedge’s 
mensuration, 177 ft. in circumference ; the locomotive 
is to be about one-half the usual railway size ; the wheels 
on the inside of the circular way are to be 1} in. 
smaller in diameter than those on the outer rail; 
there is a middle guide rail with side wheels to keep 
the affair on the line at high speeds, and the happy 
proprietor and his friends, seated in the wagons, have 
only to go round and round ten or fifteen times a minute 
and enjoy themselves. All very delightful, but not new, 
and therefore not patentable. 

Here is a patent, No. 1773, by John Braithwaite, 
for turning bobbins. But it is another person bearing 
the same name as the well-known engineer. 

W. S. Parfitt’s patent, No. 1774, is for the soda- 
water apparatus exhibited by his firm (of Devizes) at 
the Bath and West of England Society’s show, last 
week, at Salisbury. 

Jobson and Dickson, No. 1776, patent a mode of 
converting iron into steel, superficially or entirely by 
the action of carburetted hydrogen gas. This, in itself, 
is not new, nor is it claimed as new. Mackintosh, of 

lasgow, made excellent steel years ago by exposing 
Wrought iron, at a high heat, to the action of purified 


danger attends this process, as if the retorts are opened, 
and air gains access, explosions take place, although 
the same thing, of course, happens every time an 
ordinary gas retort is drawn. So these gentlemen 
propose to first drive out the gas from the retort by 
means of nitrogen, or ammoniacal gas, and then to 
open it, On closing the retort, the air is to be first 
driven out by nitrogen before the carburetted hydrogen 
is admitted. We saw some of Mr. Dickson’s samples 
nearly a year ago, and there is no doubt that they were 
well converted, and, as we have said, Macintosh obtained 
excellent results lohg since. But the process is expen- 
sive, and probably the best results it affords can be had 
by simpler means. 

George Low, No. 1778, patents his rock-boring 
machinery as illustrated in ENcinzERING of February 
23rd last, page 120. 

J. H. Jolnson, No. 1786, patents a railway switch 
invented by W. Wharton, jun., of Philadelphia, U.S., 
and which has been in use there for the last six or 
seven years in the street railways. It is adapted only 
to branch or other lines worked at slow speed. We 
could not describe it without a drawing, but we may 
say that it leaves the main line rails continuous without 
any break in them, even when the wagon goes upon 
the turnout. 

J. M. Macrum, No. 1793, patents a nostrum for 
mixing with iron in the puddling furnace—sulphate of 
copper, sulphuric acid, djaked lime, &c., all to improve 
the quality of the iron! ‘The nostrum is a communi- 
cation from an American gentleman. Worthless. 

E. H. Waldenstrom, No. 1796, patents a bolt and 
nut machine, which we could only explain by drawings. 

H. D. P. Cunningham, No. 1799, patents his chain 
gear for working heavy broadside guns. ‘The carriage 
swings around upon a’pivot in the port, and upon a 
wd of concentric rails, and the movement, instead of 

eing effected by a jointed rack and pinion, as in 
Ericsson’s heavy Twondaide carriage, is accomplished by 
chain gear. ‘The difference from Ericsson’s carriage 
will be at once understood by engineers when we say 
it is identical with the difference between the rack and 
the chain gear as applied to move the tables of planing 
machines, 

James Bullough, No. 1803, patents a weft stop- 
motion for power looms. The Bulloughs, William and 
James, have added hundreds of thousands of pounds 
to the wealth of Lancashire by their inventions. _ By 
the way, Mr. Ramsbottom, of Crewe, then a weaver at 
Todmorden, first invented the weft stop-motion, many, 
many years ago. 

C. O. Papengouth, No. 1817, patents a most ingeni- 
ously complicated mode of attaching armour platesto the 
sides of ships, so that the plate may yield daiticalty on 
being struck by shot. The idea, of course, has been 
often proposed, and Mr. Papengouth’s plan is for a 
mode of carrying it into effect. Mr. Papengouth’s 
armour has not, we believe, been fired at. e once 
saw a small plate, backed with springs and cylinders on 
his system, receive the blow of a 606 lb. ball falling 
from a height of 40 ft. This broke one of the springs, 
but it did not, of course, represent the condition of an 
experiment with ordnance. At high velocities of shot 
the plate is smashed, punched, or indented before the 
whole mass of the late can yield upon any springs 
whatever, 

G. T. Livesay patents (No. 1818) a mode of purify- 
ing gas, which it has practised with much success at 
the South Metropolitan Gasworks. Through the foul 
gas liquor from the condenser or scrubbers he draws, 
by means of a fan or exhauster, the products of com- 
bustion from the chimney-stalk, and the effect is to 
take up the sulphuretted hydrogen in the liquor, with 
the separation of but little ammonia. Clear am- 
moniacal liquor, free from sulphur, is in itself an active 
agent in purifying crude gas from sulphur, and Mr. 
Livesay employs it for this purpose, after he has freed 
the liquor itself in the manner we have described. 
The complete experiments have been only very recently 
made, and we hope soon to be able to give conclusive 
particulars. 

W. A. Lyttle, a gentleman in the Post-office, has 
patented a locomotive, see No. 1820. The firebox is 
to be closed, and air is to be pumped into it under a 

ressure as great as that of the steam in the boiler, 

he products of combustion are to escape, not through 
a chimney, but are to be worked along with the steam 
through the cylinders, and thus the inventor expects to 
obtain the effect of the fuel. A locomotive upon 
this very principle was made, in 1855, at the a 
Works, New York, and was tried upon the Erie Rail- 
way. It was a complete failure. 

F. Massey, No. 1830, has modified the details of his 
well-known ship’s log. 





coal gas. But Messrs. Jobson and Dickson find that | 





M. H. Keene, acting for a person away out in Keén- 
tucky, U.S., has patented (No. 1836) a traction engine. 
He employs Bray’s paddles, coming through the rim of 
the wheel, but first he says he will not use an eccentric 
to “ feather ” them (it was Mr. D. R. Clark who gave 
the name of the feathering wheel to this invention of 
Bray’s). No; Keene will support his paddles against 
springs within the wheel, and these are to be so adjusted 
that the paddle will be forced back through the rim of 
the wheel on hard ground, while it will project on soft 
ground. But, despite Bray’s claims, Keane goes on 
to say that he may, however, use a cam or eccentric 
alone to work his paddles. Mr. Keene cannot work 
his invention (if it be an invention) without laying 
himself open to Bray’s patent. 

J. E. Wilson, No. 1842, and whose invention in 
locomotives we have already noticed, patents the use 
of a corrugated plate longitudinal bearing or sleeper 
under the rails of railways. Also a suspension bracket 
chair which is a crib from Mr. W. B. Adams. Mr. 
Wilson’s patent for railways makes us more sus- 
picious of him than did his other patent for loco- 
motives. 

W. P. Bayliss, No. 1852, patents a mode of making 
the joint in Clegg and Samuda’s atmospheric railway, 
which we thought had been forgotten long ago. 








THE SEMMERING INCLINES. 
Hanp.y any instance of progressive saving in the 
working of railways can be found to compare with that 
of the rapidly lessening expense of working the South 
Austrian Railway. In 1859 the total cost of “ trac- 
tion,” including enginemen and firemen, fuel, oil, and 
tallow, engine and carriage repairs, water, &c., was 
upwards of 3s. 10d. per train per mile; in 1860 it was 
2s. 64d.; and this cost has been reduced, year by year, 
until it became but 1s. 3d. in 1865. This remarkable 
saving has been effected in the working of the whole 
South Austrian system, but it is almost equally marked 
upon the section of the Semmering inclines, and here, 
too, the load of the goods trains has been increased 50 
ver cent. In 18€0, the average consumption of Leoben 
lignite in the Semmering engines—this fuel having 65 
per cent. of the heating value of coke—was equal 
to 113.8 lb. of coke per train mile, but the rate —o 
fallen steadily until it has become only equal to 79.3 lb. 
of coke per mile. The cost of the maintenance of 
way on the inclines was upwards of 1300/. per mile of 
line in 1861, while in 1865 it had been diminished to 
2077. The improvements have been effected, not by 
means of any extraordinary invention, but by better 
system and more careful economy. ‘The old Engerth 
engines have been abandoned, and six and eight coupled 
engines of 36 tons weight, with separate tenders, are 
now employed. Anew and interesting line is about to 
be opened in the Tyrol, from Kufstein, not very far 
from Munich, vid Innspruck, and across the Rhetain 
Alps by the Brenner Pass, southward to Verona. The 
distance from Kufstein to Verona is 214 miles. Be- 
tween Bolzano and Innspruck, a distance of 125 kilo- 
metres, or nearly 80 miles, there are long stretches of 
gradients of 1 in 40, and curves of 285 metres, or 
about 300 yards’ radius. The Brenner Pass is 22} 
miles from Innspruck, and is 2585 ft. above it, and it is 
3624 ft. above Bolzano, which is 55 miles to the south 
of the Brenner. For 223 miles on each side of this 
ass the gradients are almost all the way 1 in 40. The 
ocomotives adopted by the engineers of the South 
Austrian Company, to whom this new line belongs, are 
the same as those working upon the Semmering in- 
clines, viz. six coupled engines of 36 tons, with a tender 
of 17 tons. 








Nirro-Grycering.—Mr. Milner Gibson has laid before the 
House of Commons a Bill, providing that nitro-glycerine shall 
be deemed to be “‘ specially dangerous,” as also any other goods 
which shall be so designated and declared by Order in Council, 
and that no warehouse owner or carrier shall be bound to receive 
or carry specially dangerous goods, and no specially dangerous 
goods shall be delivered to any warehouse owner or carrier, or 
sent by railway, ship, or other public conveyance, or deposited 
on any quay, without being marked with the true name and the 
words “specially dangerous,” under e penalty not exceeding 500, 
or (at the discretion of the court) imprisonment not exceeding two 
years, with or without hard labour. The Petroleum Act of 1862, 
prohibiting the keeping (without ee of more than a certain 
quantity of that article within 50 yards of a house or ware- 
house, is to be applicable to the keeping of any quantity what- 
ever of nitro-glycerine. 

Train SigNALs WANTED.—One day last week a passenger 
train on the Midland Railway took fire, one of the springs having 
sunk so low as to allow the body of the carriage to rest upon 
the revolving wheels. One of the ngers shouted out of 
the window, and his cries being heard by the passengers in the 
adjoining carriages, at length the attention of the guard was 
attracted, The train was brought to a stand near Tamworth, 
and the carriage, in which a considerable hole had been burnt, 
was detached fromit. Some luggage belonging tow lady was 
burning, but the damage done was imma‘ A 
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DEEP COAL-MINING. 


Is Mr. Hussey Vivian’s speech in the House of Commons, on 
Tuesday evening, on our future supply of coal, he gave the fol- 
lowing valuable information as to deep coal-mining : 

Unless the depth at which coal could be worked were first as- 
certained, it would hardly be possible to arrive at a conclusion 
as tO the extent of the supply. Then came the question as to 
the effect of depth upon the price of coal; and next, the quan- 
tity of coal ascertained or believed to exist in our known coal- 
fields, and the still greater question as to the contents of un- 
known and undiscovered fields lying beneath more recent forma- 
tions. That most complicated and difficult question, the rate 
of consumption, remained after all the others were disposed of. 
Mr. Hull, in his book, contended, and gave his reasons for be- 
lieving, that a depth of 4000 ft. was the utmost at which we, 
or those who come after us, would be able to work. From the 
field of South Wales alone, with which he was most intimately 
and personally acquainted, that limit of 4000 ft. would cut off 
the gigantic quantity of 24,000 millions of tons, which would 
represent the present enormous consumption in England for 300 
years. Taking the price at 5s., that quantity would represent 
no less than 6000 millions of pounds sterling, or something 
like seven times our gigantic national debt. And if throughout 
our coalfields pete that limit of 4000 ft. were adopted, some 
of the very largest deposits would be excluded, while all the 
fields underlying more recent formations, being generally at a 
depth greater than 4000 ft., must be entirely omitted from cal- 
po wh The two conclusions which induced Mr. Hull to assign 
a depth of 4000 ft., as the limit, were connected first with tem- 
perature, and next with pressure. Abundant proof existed that 
the temperature increased in accordance with the depth; but in 
what way were the experiments conducted by means of which 
these results had been arrived at? They were made by 
boring holes, 2ft. or perhaps more in depth, and sinking 
thermometers into these holes, where they were allowed to re- 
main for a considerable time. But that was not the position in 
which miners were placed. They were not in the habit of boring 
holes, putting their miners into them, and allowing them to re- 
main for many hours without air. On the contrary, fresh air 
was conveyed to them in such abundance and at such a tem 
rature, that the heat attested by the experiments with the ther- 
mometers was not maintained, but perceptibly fellaway. After 
a column of cold air had circulated for a considerable time 
through the galleries of the mine, the strata which originally 
were so heated gradually cooled down; and of this a proof was 
afforded in Mr. Hull’s book. In Rose Bride Colliery, with a 
shaft 1800 ft. in length, at the start there was a temperature of 
80°; but two years and three quarters afterwards this had fallen 
to 72°. What was true, therefore, when a shaft was sunk might 
cease to be true afterwards; and accordingly allowances must 
be made when it was proposed arbitrarily to fix a limit below 
which working would be impossible. Since he had placed upon 
the paper his notice for a commission he had caused experiments 
to be made in one of his own collieries, extending over thirteen 
days, and continued down to the 9th of this month, The tem- 
perature at the surface being 60°, it had fallen to 55° at the 
moderate depth of 400 por at a total depth of 1200 ft. it 
attained a temperature of 61°; and having passed through and 
done duty in the different workings, on returning to the upcast 
the temperature was 63°, showing a difference of only 3° between 
the temperature at which it entered and left the mine. That 
might be said to be a comparatively shallow mine, as it was only 
200 fathoms deep. But one of the deepest mines was a mine 
belonging to the Messrs. Knowles, and respecting it Mr. John 
Knowles had furnished him with some interesting data. He 


said : 

**T have no doubt that a very proportion of the increase 
of the temperature at the bottom of the up-cast shaft (which is 
only 7° more) is due in a t measure to the lights from the 
lamps, the natural warmth of the men and also of the horses, 
and that a very small proportion is given off from the strata.” 
In the Rose Bride mine, the depth of which was 1800 ft., the 
intake air was 60°, and the return air 73°; so that there was only 
an increase of 13° after it had passed all the men, horses, and 
lights. These were results from mines which went to a depth 
of one-half what was regarded by some autborities as the greatest 
depth of ible working; and yet no particular arrangements 
were made to keep down the temperature in these mines. If, 
however, there were an object in keeping it down, nothing could 
be more simple or more easy. He could undertake, he thought, 
in the deepest pit to keep down the temperature by a very simple 
contrivance ; and there were various ways by which, artificially 
the same object could be accomplished. As to barometrica 
pressure, if heat was produced by additional barometrical pres- 
sure, it was equally true that by rarefaction we produced cold. 
Our system was to trust to furnaces ; but in France and Belgium 
they fitted up very expensive machines to produce rarefaction in 
mines, It might not be advisale to do this now, but there was 
no reason why we should not do what was done in France and 
Belgium, rather than be cut off from such gigantic quantities of 
coal as we possessed at great depths. Then there was the com- 
pressed engine, which was now a very useful — in the 
working of our collieries. The coal-cutting machine depended 
for its working entirely on the compressed engine ; and what was 
the first great difficulty that had presented itself in connexion 
with the working of that engine? The cylinder became so hot 
that it was found extremely difficult to keep the piston at work, 
and the cylinder had to be placed in water. When the air was 
gone off, you got ice; the heat having passed away, the valves 
were blocked up with ice. When we came to work the very deep 
mines, it would be a question whether the coal-cutting machines 
would not be the rule in collieries, rather than, as now, the 
exception; and when we had it at work we might pro- 
duce any quantity of cold air. There was also a very 
beautiful theory which had been mentioned to him by 
Mr. Dickinson, one of the most useful public servants 
in this country. That gentleman having alluded to the 
fact that the gases in the coal mines were of great tension— 
so great that it was found almost impossible to wall them in— 
observed that, in the laws of nature, possibly there might be a 
compensating principle. He thought that possibly the addi- 
tional heat of the strata might be taken off by the great tension 


of the gases; and that so one of the laws of nature might 
balance another. He was not prepared to state positively that 
Mr. Dickinson’s theory was correct; but we were not driven to 
that theory, because if we made our shafts large enough, if we 
made our air-ways sufficiently ample, and if we took plenty of 
air down, we should have the tem ure in our coal mines 
comfortable. Any one who was not disposed to do all that might 
effect e for the pu: s of ordinary mines by simply mak- 
ing a double air-way. There really was nothing in the question 
of pressure. He had been in a good many mines, and had tra- 
velled for miles along them without seeing a single stick of 
timber put on the roof to support it. The fact was that you 
might make a small hole in a wall and yet not cause the wall to 
tumble down, and that was exactly the case with regard to the 
gallery of amine. The area which was taken up was so ex- 
tremely small that the pressure of the superincumbent strata 
did not come upon it, and was not felt at all. Of course, it was 
perfectly true that where coal was worked out over a large area 
the strata fell after a time, but still that was avery gradual 
process. It fell bit by bit, so that the actual action upon the 
superincumbent strata occurred only a long time after the miner 
had left the spot. One of the great questions which the coal 
miner had to take into consideration was how to prevent the 

ressure coming upon him. Now, the fact was that the pressure 
vepended very much upon the few yards of strata which lav 
immediately over the coal, and not upon the great depth. If 
there were 10 or 15 yards of rotten stuff overhead, there would 
be what was called a heavy roof. But then it was said that coal 
became so dense at those depths that men could hardly carry it. 
That, however, was not the case. He had in his hand a letter 
from Mr. George Elliot, a man who had been during his whole 
life engaged in collieries, and who had had the management of 
some of the greatest concerns in the kingdom. Well, Mr. Elliot 
said that the ease with which coal was worked at t depths 
was a compensation for any extra cost there might be in raising 
it. Indeed, so little true was it that coal became more dense at 
great depths, that Mr. Elliot asserted that it was an actual fact 
that in the mine of Monkwearmouth, which was 1800 feet from 
the surface, the coal worked easier. The opinions to which he had 
alluded had been brought forward so prominently in the books 
which had terrified the country, that he deemed it right to 
refute the statements which had been made. Well, then came 
the question of water. Now in reality it was very rarely indeed 
that water found its way into adeep coal mine. The system 
adopted in sinking a coal mine was to leave the water in the 
superincumbent strata. The fact was that coal strata were not 
water-bearing. The base was for the most part clay, or at least 
it had many beds of strong clay rocks in it, and deep mines were 
not troubled with water. And thencame the question of venti- 
lation. It had been stated that ventilation was more difficult 
in a deep than a shallow mine; but the fact was that it was 
much easier to ventilate a deep mine than a shallow one. The 
deeper the upcast shaft was, the greater was the absolute power 
of ventilation. The ~ oa shaft was nothing more than a high 
chimney, and the higher a chimney was built the greater was 
the power of draught, and so it was in acoal mine. For in- 
stance, if a gauge were put at the bottom of a deep shaft, and 
the same gauge were put at the bottom of a shallow shaft, it 
would be found that there was a greater pull at the former than 
at the latter. Next came the question as to the increased cost 
of deep mines. Now the main element of increased cost lay in 
the first outlay, and, of course, the first outlay of a deep mine 
must be greater than that of shallow mine, Simple figures would 
best meet a case of thiskind. Imagine, for example, an original 
capital in excess of what was wanted to make an ordinary mine 
in the present day—for it must be borne in mind that he was 
speaking of increased cost. He would suppose that one of these 
deep mines would cost 250,000/. extra, ond that was a very liberal 
sum, for the a of mines at present did not cost half so much. 
Well, 250,000/. was sixty millons of pence. Now, he would 
imagine that such a pit as he had referred to would win 2000 
acres, which would be represented by something like three miles in 
one direction and one in another. Mr. Geor; jot had written to 
him to say that he was now commanding distances of five miles, 
and that seven would be no difficulty. He would take it, how- 
ever, at 2000 acres. On such conditions one foot of coal extend- 
ing over 2000 acres would give 1500 tons to the acre, and that 
was equivalent to 3,000,000 tons. At that rate, 20 feet of 
coal would be equivalent to 60,000,000 tons, and a penny per 
ton on that quantity would return the original outlay o 250,000L 
If, then, by the outlay of 250,0002. it was possible to win 2000 
acres of coal 20 feet thick, and for every ton raised to put by a 
penny, that would recoup the original capital. If a case were 
taken where the coal was 10 ft. thick, it would be necessary to 
put by 2d. a ton before the capital was recouped. He would 
give a practical example. Mr. John Knowles said: 

“At the Pendleton colliery there are three seams at present 
in work of a total thickness of 18 ft. 6 in., the lowest being at 
the depth of 530 yards. A section of the strata from the 
bottom of these pits shows that the Arley mine would be at a 
depth of 1133 yards, and from the surface tothat depth there 
are 46 seams of coal, varying in thickness; out of these 20 
would be above 2 ft. in thickness, and there will be in this range 
of coal-field 60 ft. of coal that can be worked.” 

It must be borne in mind that he had been speaking of the future, 
and not of the present. Any increase in the cost of the coal from 
these mines would arise from the increased cost of winding, but 
that was a small matter. In his own mind the a cost of 
— was something like a farthing a ton; Mr. Elliot had 
informed him that in the collieries with which he was connected 
the cost had been from a owl to three-halfpence ; but he had 
never experienced such a high rate; and the increase must be 
something prodigious to raise the average to anything like that. 


With powerful winding machinery deep mines might be worked | pany 


at nearly the same cost as shallow ones. That was the result of 
his own experience, and it was confirmed by that of others. 
Mr. Knowles wrote to him: 

“The improvements that have been made in machinery for 
raising coal from great depths have almost kept pace with the 
increased difficulties, and, as a rule, I find that the deeper the 
pits have been sunk in this neighbourhood there has been an 





increased a of coal raised, so that the extra cost has 
been distributed over a larger get of coal.” 





Mr. Elliot wrote in much the same strain. He said that the 
direct expense of winding coal had not been materially increased 
because the ts made for winding were so much im- 
proved. For these great depths a great improvement had been 
made recently by introduction of steel ropes, which were 
very light and durable. Many of these great depths were 
worked by inclined planes; even deep mines were ly worked 

them. In their own case, a pit originally sunk to the depth 

80 fathoms had been worked to the depth of 200 fathoms by 
inclined planes, and he believed that these depths could be 
gradually and almost insensibly reached. We were arguing in 
this matter very much without knowledge of what mechanical 
improvements could be made. He anticipated that the next 
— would develop as much mechanical genius as this 

as done, and that difficulties would be surmounted in the same 

manly spirit that they had been hitherto. We need not look 
with any apprehension to. the difficulties of mechanical workin 
or of encountering internal heat, in their effect upon the cost 
coal. Wages would have far more influence upon the cost of 
coal; and we might depend upon it, that if this country was 
destined to have manufactures curtailed, it would be from 
the want of labour and the price to which, consequently, it would 
advance, He found by a calculation based on large quantities, 
that 60 per cent. of the total cost of coal lay in wages. In his 
opinion, the dark spot upon the horizon of the future was the 
scarcity of labour; and he therefore deplored the fact that the 
State should lend its aid to emigration. The country required 
the labour of every able-bodied man in it. As long as labour 
could be commanded there would be no fear of the greatness of 
this country being endangered. 








THE AMERICAN GUNS. 


Ar a time when so much interest is felt in-the performance of 
the American cast-iron guns, we reprint the only account we 
have ever seen of practice with the 20 in. guns. The trials took 
place in October, 1864. 

A 20in. Rodman gun has been recently tried with success 
at New York. The gun weighs nearly 117,000 lb. Its diameter 
or thickness is nearly 6 ft. at the breech, and its bore is 20 in. 
The solid shot it throws is 1080 lb. in weight, and the regular 
charge of powder is 100 lb., which may be increased to 125 Ib., 
if great range or extraordinary momentum is required to be im- 

ted to its terrible missiles. It is calculated that there are 
ew armoured ships afloat whose sides this monster would not 
crush, A New York = ives a long account of some inte- 
resting experiments made with this gun, from which we learn 
that the gun was first loaded with the regular charge of powder, 
100 lb., a blank cartridge, and on examining the monster to see 
the effect, it was noticed that it had only deigned to roll itself 
back disdainfully about 2ft. The air was sulphurous for a 
considerable distance around it. This time the “big fellow” 
was loaded with 50 lb. of powder, and a solid shot weighin 
1080 lb. The shot was driven 600 or 800 yards, wher it 
dropped in the bay, ricochetted two or three times, knocking up 
flashes of spray as — as a ship in full sail, and twice as high, 
and finally disappeared in the water. On examining the gun 
after this discharge, it was found to have moved on its carriage 
just enough to show that it knew how to work and work easy. 
The final trial was by far the most interesting and important of all 
that preceded it. ‘The gun had now in a full charge of 100 lb. of 
powder and a 1080 1b. ball. The fuse hissed and flamed, but 
while all waited breathlessly for the flash, it only turned out to 
be “a flash in the pan.” The fuse failed. An officer then 
went up, who must have had great confidence in the gun, and 
snapped the cap, and off went the big gun. The shot whirled 
through the air from the angle of 25° at which the gun was 
elevated, and after describing a beautiful arc, which was visible 
to the naked eye, dropped into the water about four miles off. 
The noise ie by the collision of the ball and the air, in the 
flight of the former, was like the wail of a giant. On examin- 
ing the effect of the , it was discovered that this’ time the 
giant was foaming a little at the mouth, the smoke of the burnt 
owder still oozing from the muzzle. He had consented to roll 
Fimself back 5 ft., but in other respects was just as before. 








Socrery oF ENGINEERS.—The members of the Society of 
Engineers will visit the Crossness pumping-station of the Metro- 
— Main Drainage Works, Southern Outfall, on Friday next. 

he members will assemble at the North Kent Railway Station, 
London-bridge, at a quarter to twelve for the noon train. Cén- 
veyances will be in readiness at Erith to take the members to 
Crossness. Members intending to be present should lose no 
time in communicating with the honorary secretary, Mr. Alfred 
Williams, 64, Bankside, S.E. 

MEDITERRANEAN TELEGRAPHS.—The commander of the 
steam cutter Dix Décembre, belonging to the Electric Telegraph 
Company, and which was about to sail from Toulon to Ajaccio, 
to lay down the electric cable between Corsica and the San- 
es Islands, recently received counter-orders. He was 
orthwith to enter the new commercial port of Toulon to take on 
board 22,000 yards of electric cable, manufactured at the works 
there on account of the Italian Government, and to lay the cable 
across the entrance to the Straits of Bonifacio, in order to esta- 
blish a communication between Italy and the Island of Sardinia 
by kasha, Genoa, and Corsica, to be completed by to-day, the 
15th inst. 

CLEVELAND Biast Furnaces—At Middleton Ironworks 
the workmen employed are under notice to leave, it being the 
intention of that company to blow their one remaining furnace 
out for alterations and repairs. The South Durham Iron Com- 
, Darlington, blew their remaining furnace out last week, 
their intention being to pull it down for enlargement and im- 
provement. The Rosedale Iron Company (limited) have - 
another new furnace in blast, which increases their num! 
now in blast to six; and in addition to the two now in the 
course of erection, we hear they are contemplating the erection 
of three others. ‘The newer furnaces, as we have before stated, 
are of great size; and from 26,000 to 30,000 cubic feet wird 
is becoming common, a capacity oT rae to boshes of 26 ft. 
to 27 ft., and heights of 101 ft. to 102 
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H.M.8. WATER-WITCH. 


In the course of a notice of some experiments upon 
a steamboat, the Nautilus, fitted with Ruthven’s 
hydraulic propeller, which we published in this journal 
in April last (vide page 235 of the present volume), 
we mentioned that Mr. Ruthven’s system of propulsion 
was to be fitted to H.M.S. Water-Witch, an iron-cased 
gun vessel of 778 tons, now being built at the Thames 
Ironworks. As both the vessel and the machinery, 
which latter is being made by Messrs. Dudgeon, of 
Millwall, are now approaching completion, some par- 
ticulars of them will, no doubt, be interesting to our 


readers. The Water-Witch is 162 ft. long, with a beam | fugal 


of 32 ft., and the centrifugal pump, by which the water 
is supplied to the jets forming the propelling power, is 
ghost near the centre of her length. The water is 
admitted into the passages leading to the centrifugal 
pump through a large number of = formed very 
close together in the fore part of the Sette of the 
vessel. These openings were made by cutting a 
number of transverse slits in the plates forming the 
bottom, and then “dishing” up the plate between the 
slits, the amount that the plates are dished or bulged 
inwards increasing from the after side of each slit to 
the fore side of the one abaft of it. The openings thus 
formed are of a segmental shape, the arched top being 
formed by the dished plate, and the straight lower side 
by the unbent edge of that part of the plate which is 
dished to form the next opening. The plates in which 
the openings are formed are of Lowmoor iron. 

From the openings in the bottom four parallel pas- 
sages or waterways lead to the centrifugal pump. 
Each of these waterways is furnished with a sluice 
valve for regulating the supply of water, and the out- 
side ones are also tarniahad with valves by means of 
which they can be made to draw water from the bilge, 
if necessary. Under the centrifugal pump the water- 
ways are curved round in a spiral form, and their ends 
are furnished with inclines by which the water will be 
led up into the wheel case without shock. The wheel, 
which is about 14 ft. in diameter and has twelve arms, 
is of somewhat peculiar form. The water is brought 
by the waterways to a central opening on the under 
side of the wheel-case, and there meets the arms, which 
are curved both upwards and outwards, and are fixed by 
their upper edges to a sort of conical dise which forms 
the upper side of the wheel, and which also assists in 
guiding the water towards the periphery. From the 
circumference of the wheel the water escapes into the 
surrounding casing, and is led thence by two tangential 
pipes to the jets at the sides of the vessel. The wheel 
and the waterways leading to it are all made of wrought- 
iron plates and angle irons rivetted together. 

The Water-Witch, like the Nautilus—the experi- 
mental steamer to the trials of which we have already 
referred—is fitted with two jets on each side near the 
water-line, one jet of each pair pointing aft, and the 
other forward. Each jet has an opening 1 ft. 7 in. 
wide by 2 ft. 1 in. high, with rounded corners, the area 
for discharge being equal to that of a circle 2 ft. in 
diameter, or about 452 square inches. These jets will 
be thoroughly protected by the cr me. and 
each pair is connected by gun-metal branch pipes with 
the corresponding waterway leading from the centri- 
fugal pump. At the junction of each waterway with 
the branches leading to the jets, there is placed just 
within the sides of the vessel a valve for directing the 
water into either the forward or after jet at pleasure. 
These valves resemble large cocks, and they are so con- 
structed that each of them gives a clear waterway to 
either of the jets to which it belongs, whilst it also 
- the power of shutting them both off, if desired. 

ese valves are arranged so that they can be worked 
from the deck, and they will give complete command 
over the working of the jets. 

The centrifugal pump is to be driven by means of 
a three-cylinder engine, the three horizontal cylinders 
being arranged around ‘it with their centre lines at an 
angle of 120° with each other, and the connecting rods 
being coupled direct to a crank on the vertical shaft of 
the pump. The engines are, as we have already stated, 
being made by Messrs. J. and W. Dudgeon and Co., of 
Millwall ; they are arranged so that all the parts are 
readily accessible, and are well and substantially de- 
signal, but they do not present any striking soweley of 
construction. The cylinders are 3 ft. 24 in. in diameter, 
with a stroke of 3 ft. 6 in., and are supplied with steam 
by double-ported valves working in valve-chests placed 
at the top of the cylinders. The steam ports are 27 in. 
by 14, in., and the exhaust ports 27 in. by 44 in., the 
lap of the valves being lin., and the lead 4in. The 
connecting rods are all coupled to one crank by forked 


no reversing gear being required, as the en 


The air-pum 
are neatly arranged 


barrel, so as to form the air-pump rod. 


diameter, and No. 12 wire 
are each 7 ft. long, 3 ft. wide, and‘about 3 ft. high. 








THE FORTH RAILWAY BRIDGE. 


In the first number of this journal (vide page 10) 
we described Mr. Thomas Bouch’s proposed bridge 
over the Firth of Forth, and gave an account of some 
of the experiments which had been carried out with a 
view of determining the nature of the foundation that 


could be obtained. The bed of the river, at the point 
where the bridge is to be constructed, consists, for a 


great depth, of a kind of argillaceous sandy silt, and 
in the course of the evidence respecting the construc- 
tion of the bridge, given before the parliamentary com- 
mittee, it was stated that it was intended to found the 

iers of the principal spans y eg immense timber plat- 
orms partially imbedded in this silt. These platforms 
were to be each 114 ft. long, by 80 ft. wide and 9 ft. 
thick, and were to be constructed of green beech; but 
in the case of the first experimental platform, which 
was launched at Burntisland yesterday week, the above 
dimensions have been somewhat departed from, and 
Memel timber has, we believe, been employed in place 
of the green or newly felled beech which was originally 
proposed to be used. 

e experimental platform or foundation, to which 
we have above referred, is 80 ft. long, with an ave 
breadth of about 60 ft. and a depth of 7 ft., and is, as 
we have already stated, made of ot of Memel timber 
firmly bolted together. Its area is 4800 square feet, 
and it will have to sustain a pressure, when the — 
is loaded, of about 15 cwt. per square foot. e 
brickwork, which will form the base of the pier, will 
be built upon the centre of this platform, the build- 
ing being conducted within an iron caisson, the base 
of which is already fixed in its place. The caisson, 
which will be about 50 ft. long by 36 ft. wide, is to be 
formed of iron plates, }in. thick, and will be of the 
same shape in plan as the brickwork which it will en- 
close. This shape somewhat resembles a figure 8, 
being formed by two circles of equal diameter cutting 
each other. The brickwork is to be carried up 12 ft. 
above high-water mark, and, as the platform will be 
submerged in 40 ft. water, the total height of the brick- 
work will thus be 52ft. Those parts of the pier 
which are near and above the surface of the water will 
be faced with Queensferry whinstone. The greatest 
diameter of the brickwork at the base of the pier will 
be 50 ft., and this will be reduced to 27 ft. at the 
a wl part, the thickness being 7 ft. 

he caisson communicates with the bottom of the 
platform by means of two cylinders, each 12 ft. in 
diameter, led through it ; these cylinders are furnished 
with doors or valves, and through them the silt will 
be allowed to ooze up, if necessary, to facilitate the 
settling down of the platform. Around the central 
caisson are disposed twelve other iron cylinders, each 
8 ft. in diameter; these also communicate with the 
under side of the platform, and, in the event of the 
latter not taking an even bearing, they will enable 
workmen to excavate the silt from underndath that 
art which is highest, and thus bring the whole level. 
Ihe will also be employed for receiving the tem 
inal which is to be p be 
mentioned presently. 

The building of the pier, within the central caisson, 
will be commenced while the platform is afloat, and 
after it has proceeded to a certain extent the platform 
will be towed to a position over the site which it is 


ed upon the pier, as 





ends, and above this crank is placed a single eccentric 


s 


permanently to occupy, and moored securely between 


with 3 in. throw, which works the valves of all three 
cylinders. The eccentric rods are coupled direct to 
the valve spindles, there being no expansion gear and 
es are 
always kept going in one direction. The engines have 
ordinary injection condensers, and the air-pumps are 

owe the side of the cylinders, each being worked 
y alever connected to the crosshead of its corres- 

onding cylinder by links. The air-pumps, which are 
Fouble acting, are 1 ft. 6 in. in diameter, and have a 
stroke of 1 ft. 9in., or half that of the steam cylinders. 
valves are india-rubber valves of the 
ordinary kind. There are no bilge pumps, the centri- 
pump acting in that capacity. The feed-pumps 
in front of the air-pumps, the 
plunger of each feed-pump being reduced in diameter, 
and led through a stuffing-box at the end of the pump 


The engines are intended to be worked at 60 revo- 
lutions per minute, and they are to be supplied with 
steam by two boilers, each containing three furnaces. 
The boilers are of the ordinary return-tube class, and 
each contains 358 tubes, 5 ft. 10in. long, 2} in. in 
uge thick. The furnaces 


two barges, each of 700 tons burthen. These barges 
have been specially constructed for the work, and they 
will be fitted up as a and dwellings for the 
men employed on the pier; their decks also will serve 
as platforms upon which the materials for the pier can 
be deposited. When the platform has been moored in 
its proper position, the building of the pier will be 
proceeded with ; and as the wooden platform sinks, in 
consequence of the additional weight thus placed upon 
it, the caisson will be carried up, so as to prevent the 
influx of the water. After the platform has reached 
the bottom, the twelve cylinders, which we have already 
mentioned as being arranged around the central caisson, 
and which, like it, will project above the water-line, will 
be loaded with 10,000 tons of pig-iron placed within 
them. This load will be about two and a-half times 
ater than that which the foundation will afterwards 
ave to bear when the bridge is loaded, and it is ex- 
cted that it will be sufficient to force the platform 
ang six to seven feet into the silt. The load of 
10,000 tons will be allowed to remain on the platform 
for some time, during which the brickwork will be 
carried up to its full height, and allowed to consolidate ; 
the pig-iron will then be lifted out of the cylinders, and 
the cylinders themselves, as well as the walls of the 
caisson, removed for employment in the construction of 
the second pier. When the platform, or base of the pier, 
has thus been set in its place, it is to be protected from 
the scour of the river by a = of slag or rubble. 
The platform for the foundation of the experimental 
pier was, as we stated at the commencement of this 
notice, launched at Burntisland yesterday week. The 
ways had been laid to an inclination of 1 in 12.7, but 
notwithstanding this somewhat steep slope the mass 
did not start readily. As the platform did not move 
when the dog-shores were knocked away, a stron; 
hawser was attached to the end next the water an 
led to the Leviathan, a powerful goods steamer which 
had been provided in case its assistance should be 
required. An attempt to tow the: platform off was 
then made by the Leviathan, but this only resulted in 
the breaking of the hawser. Two powerful screws, 
worked at an angle of 45°, were then applied to the 
shore end of the raft, and these were assisted by levers 
and battering-rams; the Leviathan also was again 
coupled to the hawser, but before the latter had been 
drawn tight the platform started and glided steadily 
into the water. After it had been brought to rest, the 
platform floated with its upper surface about 2ft. 6 in. 
out of the water, and it was then towed to the side of 
one of the barges, and —— moored opposite to the 
ways from which it had been launched. After certain 
preliminary work has been carried out, it will be towed up 
the Forth to a position near the site of the bridge an 
art of the Laiclowesk built upon it, after which it will 
moored over the place where it is to be sunk, and 
the work proceeded with in the manner which we have 
already described. The launch, as well as the con- 
struction of the platform, was carried on under the 
superintendence of Mr. J. Anderson, of Middlesbro’, 
and Mr. Gilkes, of the firm of Hopkins, Gilkes, and 
Co., of the same place, who have we the ironwork 
required for the construction of the caisson and 
cylinders. 
It is expected that the experimental pier will be 
completed before the end of the year, and upon the 
success or failure of the work the construction of the 
bridge will probably depend. If carried out, the bridge 
will, on the south side, be connected with the Edinburgh 
and Glasgow by a branch leading to a point about half 
way between Linlithgow and Winchburgh ; whilst on 
the north side it will be joined by a short line to the 
railways in the neighbourhood of Dunfermline. In 
connexion with a line extending from the Gateside 
station on the Fife and Kinross Railway toa point near 
Bridge of Earn, the Forth bridge, if carried out, will 
shorten the railway pone from Edinburgh to Perth 
by about twenty miles. ‘The greater part of this cur- 
tailment, however, is effected by the line just mentioned, 
the construction of which will be proceeded with even if 
that of the bridge should be abandoned. 








of the guinea 


Cueap Fares.—The — News, ay oy &. . 
igh-level line, 


season ticket to the Crystal Palace by the 
remarks as follows: “On every day in the y and if the 
holder be so inclined twice or thrice in the bp ated may he 
conveyed from Ludgate-hill or Victoria, or any of the in’ iate 
stations, to the Crystal Palace and back again on the payment 
of ‘one guinea.’ Twenty miles a day or thereabout, some 
seven thousand miles in the twelvemonth, for twenty-one 
shillings.” Very true; butif the tickets were thus used, we ma 
be sure that no more would be issued. We have no doubt that, if 
the transfer and’ unauthorised use of the tickets is ented, 
their holders, taking the whole distance travelled by all of them 
in a year, and the number of guineas paid for it, will be found 
to pay as much per mile as any other class of passengers, 
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PORTABLE ENGINES. 


Tue story of the contest of the Liverpool and 
Manchester Railway Bill has been.so often and so well 
told that there cannot be many who have not heard of 
the gentleman who vowed that whenever a locomotive 
went twenty miles an hour he would eat a stewed 
engine-wheel to his breakfast! With a large class 
every new improvement is an impossibility ; but the very 
aolereate of their confident predictions, when these are 
recalled after the impossible has become a fixed fact, does 
good by encouraging those who are seeking earnestly 
and patiently, and in the face of difficulties, to leave the 
world better than they found it. There is reason to 
believe that within a very few years the following, 
which we extract from a journal making considerable 
pretensions to engineering knowledge, will—if any 
one takesthetroubleto keep it in mind—be quoted along 
with the story of the Liverpool gentleman and his 
wrought-iron breakfast: “ It has been gravely urged 
“on agricultural engineers that they should adopt a 
“ principle of construction embodying pressures of 
° 150 Ib to 200 lb., pistons of but ? in. or 8 in. stroke, 
“ making 600 strokes or so per minute, and a six to 
“nine fold expansion, while the boilers are to ‘be 
“so far reduced in size that an 8-horse power engine, 
“ instead weighing about 56 cwt., will admit of being 
“ drawn by a donkey. Such a bill of fare as this can 
“be presented in very tempting colours, and we fear 
“that many young engineers, seekers. after novelty, 
“ may fail to perceive the utter and absurd fallacy of 
“ such propositions at the first sight. There is not the 
“least danger of old hands being taken in, but it is 
“ worth while to expose errors for the sake of those who 
* are not old hands.” 

Now it happens that a well-known, long-established, 
and most successful firm of portable engine makers 
are at this moment making arrangements to bring out 
a new pattern, to work at a very high pressure, and 
with a small single cylinder and short stroke, at 
something like 600 single strokes or 300 revolutions 
per minute. Our readers will readily understand 
the reasons why this firm, who are anything but 
“ young engineers, seekers after novelty,” would not 
thank us for mentioning their names in this connexion, 
just at present ; but that there may be no doubt of the 
accuracy of our information, we may add that we are 
at liberty to state so much from our own private cor- 
respondence with the firm alluded to. After a practice 
in designing, working, and above all repairing perhaps 
a thousand farm-engmes, some of which we have seen 
running at 480 single strokes per minute in ordinary 
work, and with from 1001b. to 1201b. steam, these 
“old hands” have actually been, not “taken in,” but in- 
duced, from experience and conviction, to attempt 1501b. 
pressure and 300 revolutions. They are aware that only 
the best workmanship, in the =e cylinders, pistons, 
guides, valve gear, pumps, and bearings, can hold: out 
at such a pressure and such a speed, and they have not, 
therefore, decided the question of high speed from 
the result of the following experiment proposed in the 
same article from which we have already quoted: 
“ Tt is possible that some people will differ from us in 
“ this matter. We beg to place the following practical 
“ hint at their service :—The power of any portable en- 
“ gine may be doubled, or nearly doubled, inthe following 
“ way : Instead of driving from the fly-wheel, let a rigger 
“ half the diameter be used, hang a couple of hooks in 
“the blast-pipe, or otherwise contract it, and fire hard 
“ with good coal. The speed of the engine may thus 
“be doubled. The same average pressure being 
“ maintained on the piston, a 4-horse engine will then, 
“ if properly pushed, do the work of an 8-horse engine. 
“ At the end of twelve months let the expenses for 
“coals and repairs of this éngine be compared with 
“the expenses of a regular S-horse engine doing 
“the same work; the lesson will be found in- 
** structive.” 

This is such a fine Irish way of putting the case of 
high speed v. low speed, that we might imagine it 
written by a young gentleman from Kilkenny, after a 
short and unsatisfactory experience of the roughest 
kind ina village foundry. . The ‘question of high piston 
speed is one of the foremost in the consideration of 
steam engine economy. For years it has been con- 
tested as a great principle, and now, when it has been 
so long and so well proved to depend upon special 
design and the best possible workmanship, in comes 
the Irishman with his proposal to “hang a couple of 
“ pothooks in the’ blast-pipe, now,” and to “ dhrive 
the baste as hard as she can go, intirely,” and thus, 
at ‘the end of twelvé months, to ascertain whether 
high or low speed is the more economical! Of course 


be soon knocked to pieces at 250—so soon that the 
experimentalist would, no doubt, be able to close his 
ledger long before the twelve months were over, and 
with a result which we need not predict. 

Fortunately, however, it has been so far settled 
that, with special design and the best workmanship, 
high piston speéds are practicable, that Messrs. 
Hamphsys and Tennant are taking contracts for 
marine engines with 5 ft. stroke to make 65 revolutions 
per minute; Mr. J. Frederick Spencer, of Newcastle, 
is making marine engines of 34 ft. stroke to work at 
100 revolutions per minute; the makers of steam 
winches drive their little engines at 300 revolutions ; 
and Messrs.’ Gwynne and Co., in conjunction, we be- 
lieve, with Mr. Charles T. Porter, are arranging to drive 
their high-lift centrifugal pumps by small engines of 
10in. stroke, working direct upon the pump-spindle, 
and making 700 revolutions or 1400 ele strokes per 
minute, 

But then ‘we have the argument, more Hibernico: 
* The considerations which apply to the construction 
“ of locomotives or marine engines have nothing to:do 
* with the portable engine.” 

Indeed! “ We had thought that in either case the 
engine was a steam engine, that strong and secure 
boilers and an economical use of steam were important. 
So far as the’ railway locomotive is concerned, the 
eortele engine has many parts in common with it, 

iffering rather in size and finish, and im the amount 
of work put upon them, than in principle or even 
general form and pu Both have the multi- 
tubular boiler, in both the distribution of steam is 
generally much the same, and the primary object in both 
may be said to be that of obtaining continuous rotary 
motion. From what we know of the history of the 
portable engine and the direction of the various at- 
tempts for its improvement, ‘we can state, most posi- 
tively, that the considerations which apply to the con- 
struction of locomotives have very much to do with 
the portable engine, and it is to the superior practice of 
locomotive makers, as distinguished from the rough 
construction of so many farm “ engineers,” that the 
portable engine owes very much of even its present 
measure of efficiency and economy. It is, however, 
but thirty years since locomotives were worked at but 
50 lb. pressure, and since expansive working was 
ridiculed by railway engineers. “The piston speed, 
which is now from 500 ft. to 1000 ft. per minute, was 
then seldom: more than 500 ft., and Brunel and Har- 
rison were seeking by the use of very large wheels and 
very short stroke to keep it down to 240 ft., or there- 
abouts. But we may be sure that engineers satisfied 
themselves with plenty of reasons that the pressure 
and speed were as high as could be profitably carried, 
and that, as for expansion, the thing was absurd. Pos- 
sibly the more ignorant and bigoted, had it being sug- 
gested to them to work locomotives at 140 lb. to 
160 1b., and at a piston speed of 960 ft. per minute, as 
is now done daily on more than one English railway, 
would have then said: “ The assertion is merely the 
“result of a profound ignorance of the conditions 
* under which such engines are worked—an_ ignorance 
“‘ which we could hardly find space to enlighten.” 

We may refer also to what has already been done in 
the case of farm engines, and traction engines are to 
be included among these. Indeed, perhaps one-half of 
all that have been constructed by the principal maker 
of traction engines are now doing the ordinary work of 
portable engines, their self-propelling gear being only 
occasionally called into requisition. It has been 
argued as if it were a matter of the greatest difficulty 
to keep farm-engine boilers safely at work at pressures 
of even 50 1b. Yet there are now hundreds which are 
working satisfactorily at 100 lb. and upwards. These 
boilers are, of course, made for this pressure, and are 
not ordinary weakly stayed portable-engine boilers, 
forced beyond what they were ever intended to bear. 
“ Overwork,” “forcing,” &c., mean, of course, work 
over and above what the machine is calculated to with- 
stand, and in this sense nothing .can be more de- 
structive than overwork and forcing.. But only those 
who are blinded by a narrow and unsuccessful practice 
will insist that because a comparatively coarse class of 
engines, as most portable engines really are, would be 
overworked at 150 lb. steam and 300 revolutions, 
therefore no engine can be made to work economically 
at such a pressure and speed. 

The economy of expansive working. has been proved 
in all other classes of engines, the Cornish, the rotative 
pumping, the factory engine, the Corliss and Allen 
engines, and in the marine engine and the locomotive. 
Who shall say, then, that it is not to be attained with 
advantage in portable engines? Expansive working 
not only saves fuel, but it saves the necessity of 





the engine made to work only at 125 revolutions would 


evaporating so much water as is needed without ex- 
ion. Locomotive engines now give nearly double 
the indicated horse power, for a given heating surface, 
that they did thirty years ago, when worked at 50 Jb. 
— without expansion. In Messrs. Randolph, 
der, and Co.’s and Messrs. Humphrys and Tennant’s 
<p with highly expansive marine engines, only one- 
alf the number of boilers and extent of heating surface 
are given that are necessary with ordinary engines, 
The Mooltan has attained 1800 horse power with the 
ordinary rate of combustion of coal, on but 168 square 
feet of firebar. And so we have every right to suppose, 
in the case of portable engines, that increased ex- 
pansion would require a less amount of steam to be 
raised, and, therefore, that a smaller boiler would 
answer the purpose. 

But to carry out expansion to any profitable extent 
in the case of non-condensing engines, it is requisite 
to have high-pressure steam and a good rate of pis- 
ton speed. There is little advantage, even in theory, 
in high-pressure steam, unless it be worked expan- 
sively. Not, of course, that there is absolutely no 
advantage in high-pressure steam, worked at full 
stroke. If the steam be of two atmospheres’ pres- 
sure, and no condenser be employed,’ one-half is 
thrown away at each stroke. If steam of ten atmo- 
spheres be employed, the loss of the steam pumped 
out of the cylinder at each stroke is but one-tenth of 
the whole quantity generated. But with expansion, 
and especially with non-condensing engines, a very de- 
cided advantage results from the use of high pressure 
steam, not merely in theory, but actually in locomotive 
and fixed engine practice. With steam of 30]b., an 
expansion of four-fold would but carry the steam line 
ion the atmosphere, and towards the end of the 
stroke the piston, instead of being driven by steam, 
would be pumping out steam in front of it, with a ne- 
cessary loss of power. But with steam of 150]b., 
cut off at one-eighth, the final pressure would be well 
above the atmosphere, and the full advantages of ex- 
pansion would be nearly realised. These truths are 
so well established that. the better educated class of 
engineers will say they can hardly require repetition 
here; but the engine tenters, or working foremen, who 
write of their “experience” in designing engines 
which were never built, and of their special practical 
acquaintance with farm engines, and their attendance 
or, as the French would say, their “ assistance ” at the 
removal of “barrowfuls of an unmentionable material ” 
from 10-horse boilers are, we may be sure, innocent 
of all knowledge or, at any rate, of the useful applica- 
tion of such truths. To work, too, with a high degree 
of expansion, steam jacketted cylinders are especially 
requisite with long and slow strokes; but, with short 
and frequent strokes, the steam in ordinary locomotive 
> nag see does its work well without jackets, although 
the latter, involving only a slight extra weight and 
cost, can never do harm. With short and frequent 
strokes, or, in other words, with frequent revolutions, 
the centrifugal force of a given flywheel is as the 
square of the number of revolutions per minute, and 
thus the intermittent impulses of the steam give, never- 
theless, a very uniform rate of circular motion. All 
this, too, is most elementary, although it is beyond the 
ken of the emancipated workmen and foremen, who, 
ripe for any opportunity of ventilating their village 
smithing and barn-yard knowledge, are now and then 
suffered to inflict their experience upon the readers of 
engineering newspapers. 

It is idle to suppose that: the mere high pressure of 
steam is, of itself, attended with danger. The burst- 
ing of boilers, made of iron of known good quality, is 
not a question merely of the pressure of steam per 
square inch, but of the working strain upon the iron. 
A boiler of }in. plates, and 2ft. in diameter, would 
better resist a pressure of 150 lb. per inch than a 3ft. 
boiler of % in. plates of the same quality would resist 
801lb, But theresis no question of the security of well 
made boilers 3 ft. in diameter, and of 3 in. plates, even 
when worked at 150 Ib. ; and with 23 ft. diameter, and 
a the risk of rupture is infinitesimal. For 

use, boilers should me not only ample water- 
spaces, but also numerous mud-holes. The tubes may 
well have 3 in. clear space below them in the barrel of 
the boiler, and the firebox water-spaces should be 2} in. 
wide at least, and there should be ready means of remov- 
ing the mud as it accumulates. Whether the steam be 
of 50 Ib. or 150 Ib. pressure, the quantity of mud thrown 
down from the same quantity of water must necessarily 
be the same, although at the higher temperature the 
mud may cake more rapidly, and be more difficult of re- 


‘moval. With a boiler, however, from which, with 





| wide Oy the steam is drawn but half as fast 


as from o portable boilers—and this result 
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should be attained with high expansive working—the 
rate of choking would be much slower than in usual 
practice. Wide water-spaces add but little to the 
weight of an engine when empty ; and it is generally 
only when empty that it has to be moved about. A 
difference of 3 in. in the diameter of a barrel only 4 ft. 
long, and of } in. plates, is a difference of weight of but 
641b. A difference of 1 in. in the width of the water- 
space around a firebox of given internal dimensions, 
and 4 ft. high, is a difference of but 54 lb. in the weight 
of $in. plates. The increased length of the stay-bolts, 
&c., adds to this difference, but the total additional 
weight is not great. The habit, with some makers, of 
giving too little width to the water-spaces, and too 
little clearance between the tubes, has grown up from 
the competitions at the Royal Agricultural Society’s 
trials, where the time of raising steam is taken into 
account. Of course the less the quantity of water in the 
boiler the less time is required in raising steam, but it 
is in connexion with steam fire-engines, rather than 
farm engines, that great rapidity in raising steam is 
essential. With a given fire in the firebox, the time of 
raising steam may be said to be practically as the 
quantity of water in the boilér. In the case of some 
of the racing engines tried at the Royal Agricultural 
shows, the water-space between the tubes has been 
as little as }in., and the tubes have been packed as 
close to the immer surfaces of the barrel as the rivet 
heads would permit, and only 3in. water-space has 
been given at the bottom of the barrel. Thus eighty- 
nine tubes, 2 in. in diameter, have been pacleed into a 
2 ft. 6in. shell. In another case sixty-one tubes, 23 in. 
in diameter, have been placed within a 2 ft. 8 in. barrel, 
and in yet in another case, with the same size of barrel, 
there were forty-one tubes, 33in. in diameter. The 
time within which a boiler will raise steam has very 
little effect upon its economy of working for a period 
of (say) 10 hours, and it has been, to a great extent, 
the ro peor a contraction of the water-spaces in 
portable engines constructed to work with especial 
economy—although the economy cannot be said to have 
been at all dependent upon the narrowness of the 
water-spaces—that has served to bring such engines 
into reproach among farmers. 

With high steam, the cylinder must be of very hard 
metal, quite superior to that formed by the hap-hazard 
mixture of Scotch iron, old chairs, old furnace bars, 
cast-iron borings, broken ploughshares, &c., employed 
in so many agricultural engineering shops. We gave 
several approved cylinder mixtures in ENGINEERING 
of January 12th last, page 32, and to these we may 
add that of hematite iron and Bessemer steel as now 
used for cylinders by Messrs. Turner, of Ipswich. It 
may be found advisable, too, to cast the ports, &c., 
with the jacket, and to shrink in a steel tube for the 
bore much as Mr. Beattie has done in many of his 
engines on the London and South-Western line, only 
that he surrounds this tube with the exhaust instead of 
live steam. The pistons of steam engines have been 
wonderfully simplified of late years, and it is not now 
so difficult as it was to make a piston to stand up to 
hard work under high steam. Some makers are very 
successful with packing-rings cast from the same metal 
as the cylinders, and in other cases Ramsbottom’s me 
steel rings have answered extremely well. The valve 
faces are more apt to cut with gh than with low 
steam, but the valve should have the pressure of the 
steam taken off it, as may now be done by very simple 
means. Even the rounding of the ends of the ports is 
found by Messrs. Neilson and Co., of Glasgow, to save 
a great deal of cutting and scoring at the corners of 
the ports, where the steam generally produces a more 
marked effect than elsewhere. High steam requires 
also long stuffing-boxes, and the piston rods should be 
of good size, and of steel, and, on the score of lightness, 
a slight advantage would result from making them 
hollow and plugged at each end. ‘This advantage would, 
of course, be slight, as a Zin. hole, through a 1} in. 
piston-rod 2 ft. long, would make a difference of less 
than 5 Ib. in weight, as compared. with a solid rod of 
the same outside diameter. 

The Ballycarron oracle, from which we have already 
quoted, says that with 150 lb. steam, seven-fold expan- 
sion, and 300 revolutions per minute, the stroke being 
7in. (we should prefer 9 in., as mentioned in our 
former article), a “large cylinder” would be necessary. 
We had supposed that, instead of being a matter of 
vague opinion, the necessary size of cylinder was one 
of close calculation, and we find it to be 63in. Even 
supposing but 1801b. steam to reach the piston, 


alt ough there may be 150 lb. in the boiler, a seven- 
fold expansion should give, over and above back pressure 
—the steam in the ports and end clearance taking part 
also in the expansion—about 40 1b. mean effective pres- 


28 square inches x40 lb. x 450 ft. 


we should have 33,000 foot-pounds. 


=15} horse-power. 





who, with the pressure, the speed, the rate of expan- 
sion, and the power all given, is unable to calculate the 
corresponding size of the cylinder, and who chooses, 
therefore, to guess at what is necessarily but 6in. in 
diameter as a “large cylinder,” although the present 
prevailing diameter for engines of the same power is 
Yin. Even with a 7in. stroke and 300 revolutions, 
the corresponding bore of the single cylinder would be 
but a little over 63 in. 

The problem for agricultural engineers and the 
better class of mechanics is to design and perfect an 
engine which, with 150 lb. steam, a single 6 in. cylinder, 
Qin. stroke, and 300 revolutions, shall give off 15 
indicated horse power, with a consumption of about 
33 cwt. of coal per day of ten hours. The practice 
with nearly every other class of steam engines shows 
that such a result is quite possible, and one of the very 
conditions named—the small consumption of fuel—is 
opposed to anything like forcing, fierce draught, pot- 
hooked blast pipes, &e. As we have already said, * such 
“ an engine, designed by a first-class mechanic, might be- 
“ come the little wonder of the agricultural world. It 
“ would do all that the present engines can accomplish, 
* yet a donkey might run off with it.” The design 
would require to be less straggling than that of the 
present class of engines, and the fastening of a cylin- 
der and a pair of high cast-iron brackets to the boiler 
is at best but a clumsy job. The wearing surfaces 
would require to be large, true, easily accessible, 
and yet protected from dust. The fiy-wheel, al- 
though very light, would require to be accurately 


sufficiently fast at half the speed of the engine, and 
the pump would be worked from the same second 
motion, at the speed usual in ordinary portables. We 
shall not be suspected of holding the opinion that no 
difficulties whatever will be found in perfecting such a 
class of portable engines as we have sketched out, but 
they cannot, we believe, be difficulties at all equal to 
those attending the first introduction of farm-engines, 


ment. 








THE PNEUMATIC RAILWAY. 
To tue Eprror or ENGINEERING. 

Srr,—When reading your interesting article, “The 
Railways of the Future,” in your number for June 15th, 
in which you advocate the application of the pneumatic 
principle on a more extended scale, and after a further 
perusal of your remarks on the powerful engines re- 
quired to work the St. John’s Wood Railway, I could 
not help asking myself the question, Why was not the 
———_ rinciple applied to this line? and should 
eel obliged if you, Mr. Editor, could favour me with a 
satisfactory answer thereto. I should think that, of all 
localities, this would present one of the most favourable 
ms gg, 2. for the application of this mode of pro- 
pulsion. As far as I know, the greater part of this 
railway will be under ground, and the distances between 
the different stations short, so that one fan might 
suffice to blow a train from one station to another 
without intermediate help. Where the line emerges 
above ground, as, for instance, in crossing the Regent’s 
Canal, and elsewhere, it would be neither very costly 
nor very difficult to construct an air-tight tube, 
whether of brickwork or iron, and perhaps glass might 
be used in the top. I grant that the appearance of 
such a huge snake winding over the ground would not 
contribute much to the architectural beauties of the 
metropolis, although in this respect we might, without 
much fear, stand a comparison with some of the mon- 
ster plate girders on the south side of London, while 
the neighbours, at all events, would be spared the con- 
stant thunder of the trains every five minutes, and 
even these tubes might be masked with some architec- 
tural decoration, judiciously applied, so as to take 
away from them the “boa constrictor” character. 
As now-a-days nothing is considered impossible in 
engineering, the whole question will resolve itself into 
one of £ s. d.,and there I should like to see from your 
able pen a comparative statement of the two systems 
as applied to the line in question. It appears to me, 
that even a somewhat greater original outlay in over- 
ground tubes, stationary engines, fans, &c., would be 
more than counterbalanced by lighter construction and 
diminished working expenses ; and as for the superiority 
of the pneumatic system of propulsion in safety and 
ease of motion, every one who | tried the experi- 


mental line at the Crystal Palace must agree with you, 





sure, and with a single 6 in. cylinder and 450 ft, of piston 


Yours obediently, J.G, H, 






per minute, the latter not at all remarkable for speed, 


Here, of course, we again have the working foreman 


counter-weighted. The governor would be driven | Py 


for which there is clearly so much room for improve- | ¥ 


Tue ‘‘ AEREON” oR FiyinG-suip.—On the 25th ult., Dr. 
Andrews and three other gentlemen ascended from the inclosure 
at the corner of Houston and Greene-streets, New York, and 
passed over Harlem, thence across the East river, and landed at 
Astoria, L. I. The balloon, or “ aéreon,” proved manageable in as 
high a degree as could have been ex from its proportions— 
42 ft. wide by 86 ft. long. At the start there was some en- 
tanglement of the rudder lines, which prevented control in a 
lateral direction for some time; but the vessel slanted as was 
expected—that is to say, instead of rising directly upward like 
a spherical balloon, its direction in a measure coincided with its 
longest axis, that axis being inclined at will by shifting the 
ballast forward or back - The wind at Astoria became 
strong, but the aéreon was not blown to leeward—it held its 
position. The rudder proved too small; even after its move- 
ments were got under control, it did not work with the desired 
efficiency. But, with all the defects, it was rpg that the 
“aéreon” could go forward, and turn to the right or left, at the 
will of the conductor. It was explained that the short propor- 
tions were not a matter of choice, but were the best that could 
be attained with the materials of two old balloons purchased 
from the Government. With a clipper-shaped “ aéreon,” we 
have no doubt that headway will made against ordinary 
winds. As it turned out, we think our prediction has been 
verified. We have not seen in any other paper an answer, 
& priori, to Dr. Andrews’s question as to whether the ‘‘ aéreon” 
would go or not; but sev rs, since its performance, have 
expressed a lively hope that atrial navigation will become prac- 
tical and of vast importance.—American Artisan. 

Tue Great BripGE OvER THE Tay.—The preamble of the 
North British Company’s bill for the great bridge over the Tay 
was declared proved on Tuesday. 

Tue Wuitrworth Company.—The Whitworth Company 
(Manchester Ordnance) has been voluntarily wound up. 

Crarr’s Sarpsurnpine Parent.—Some years since Mr. 
John C of Liverpool, obtained letters patent for improve- 
ments in the construction of iron ships. His ideas, however, 
were not original, and the only use of the patent to Mr. Clare 
appears to’ be to enable him to annoy and vex all within his reach 
we have anything to do with ships or shipbuilding. The build- 
ing of the “ Warrior ” led to the action of Clare v. the Queen, 
which, however, was not commenced until the ship was at sea. 
This action terminated adversely to the plaintiff, after what ap- 
ared to be a very fair and patient hearing. But Mr. Clare, 
although subdued, was not conquered, and he formally demanded 
the removal of the Lord Chancellor and the legal advisers of the 
Crown for conspiracy, or something of the kind. Subsequently 
Mr. Clare brought up Sir Charles Fox at the Westminster Police 
Court, on a charge of perjury in his evidence given on the trial, 
which charge, it is needless to say, fell through. A similar 
charge against Mr, John Scott Russell is at present pending in 
the same court, and, from what we hear, we believe Mr. Carp- 
mael is presently to be dragged before the ae by Mr. Clare. 
As the hearing of the o—- against Mr. J. Scott Russell is not 

et concluded, we refrain from remarking on the case, content- 
ing ourselves with giving one or two points which are reported 
to have occurred at the fast hearing. reply to questions from 
Mr. Arnold, the magistrate, Mr. Clare stated that in the old 

rinciple of shipbuilding, the verticals were merely held together 

y the plates and stringers to connect them; while his invention 
was a perfectly independent intersected frame. His most pro- 
minent reason for not bringing this matter forward sooner was 
that he had not the funds to enable him to do so, and the reason 
was, that he was waiting for the publication of a work on naval 
architecture, by Mr. Russell, as he expected to find drawings of 
‘Her Majesty” in it. The excited mode in which Mr. Clare at 
this point and before had given his evidence called forth a re- 
mark from Mr. Arnold, that he seemed desirous to produce pre- 
judice in his mind, Mr. Clare said his friends provided the 
funds for this prosécution. He was asked if he not met 
one of the witnesses in the street and called him a rascal, but he 
evaded the question. In reply'to further cross-examination, 
this witness went through a list of others who he declared had _ 
committed perjury upon the trial, and accused one of the law 
officers of ihe Oouwn of having employed a person for suborna- 
tion of perjury. From the foregoing it will not be difficult to 
predict the result of the trial. It is very easy to bring charges 
of perjury, but at the same time we would suggest to all parties 
concerned the advisability of looking up the law upon the sub- 
ject of malicious prosecutions.— Mechanics’ Magazine. 

Our Wraurn 1x CoaL.—Mr. Vivian said,in the course of 
his recent speech, we were raising 92,000,000 tons of coals an- 
nually, at an estimated value of, say, 5s. per ton. That would 
make a gross sum of 23,000,000/. annually. — that 
half of that sum went in w and half in materials. Who 
should describe the ramifications of that sum spent in wages 
and materials? It circulated through the length and breadth of 
the country like the blood in one’s veins. If only 2s. a ton were 
saved by some one, there was an amount of 9,000,000/. addi- 
tional capital from the produce of this one source. If only 
5,000,000/. per annum, were rolled up, in 45 years, at 5 per 
cent., it would pay off the National Debt. .Then look at the 
stock in coal, fir Jevons put it at 83,000,000,000 tons, which, 
at 5s. per ton, would give 21,000,000,000/. worth sterling in our 
known coalfields. If 2s, a ton were saved of this amount, it 
would come to 8,000,000,0002. It was impossible to say to 
what a country might not come that possessed such riches. It 
was not permitted to us to forecast. events, but there was an 
abundance of stores and riches laid up in this country, and there 
was no need to fear for the future. f , 
Proressor Farapay.—The Council of the Society of Arts 
have this year awarded the Albert gold medal, to Professor 
Faraday “for his discoveries in a magnetism, and 
chemistry, which in their application to: industries of the 
world have so ly promoted arts, manufactures, and com- 
merce. The health of Professor F. y not admitting of his 
attendance at a public meeting, Mr. Hawes, vice-president of 
the society and chairman of the council, a) “EF by Sir 
Thomas Phillips, vice-president of the society, and Mr. Le Neve 
Foster, the secretary, waited upon the Professor at his residence 
on Saturday last, and presented him with the medal. : 
CoaL AT THE FaLKLAND IsLanps.—Additional discoveries 
of coal have been made at the Falkland Islands. The quality 
is more bituminous than that previously found. 
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THE ROYAL SOVEREIGN’S TURRET. 








| 
a 
N 


2 
© 









































In another part of the present number, we give an account of 
the experimental firing at the after turret of the Royal Sove- 
reign, which took place at Spithead on Friday last; and on the 
present page we give engravings, showing sections of the turret, 
which will enable us to explain its construction. The Royal 
Sovereign is fitted with four of Captain Coles’s turrets ; of these 
three carry but one gun, whilst the other is a two-gun turret’ 
The after turret, at which the firing was directed on Friday, is 
of the former class, and to it the dimensions which we shall give 
will refer. Fig. 1 is a general section of the whole arrangement ; 
whilst Fig. 2 is a section, to a larger scale, of the side of the 
turret; Fig. 3, a similar section close the port ; Fig. 4 @ part 
sectional plan ; and Fig. 5, a partial outside view with the armour- 
plating and outer teak casing removed. The section, Fig. 1, 
showing the general arrangement, has been prepared from a 
drawing of the “ Naughty Child,” the well-known proposed 
vessel of Captain Cole; the other res have been prepared 
from drawings of the Royal Sovereign’s turret. 

From Fig. 1 it will be seen that the turret is a composite 
cylinder, partially sunk below the upper deck level and carried 
upon a turntable which allows it to be revolved freely. The upper 
or — portion is 20 ft. 6 in. in diameter, and pro- 
jects about 5 ft. above the deck ; it is, in the case of the Royal 
Sovereign’s turrets, disposed eccentrically u the lower 
portion or turntable, this arrangement having teen 
some of the earlier turrets made by Captain Coles, with a view 
of balancing the weight of the gun. ‘The whole weight of the 
structure, 116 tons 7 cwt., rests upon the lower deck, this be- 
ing — under the turret by eight iron stanchions fixed 
on the keelson of the ship, On the lower deck are placed a 
number of logs of teak, each about 20 in. square, and extending 
altogether over a space 80 ft. in diameter, these carrying the 
bed of the turntable. 

The bed of the turntable consists of a kind of massive wooden 
wheel 26 ft. in diameter. The rim of this wheel is 24 in. by 
12 in., and is formed of banded strips of American oak, whilst 
the spokes, which each measure 18 in. by 12 in., are, like the 
nave, made of English oak. The whole is firmly bolted down to 
the deck on which it rests, In the centre of this wheel is placed 
a hollow pivot 2 ft. 2 in. in diameter and 7 ft. 6 in. long, formed 
of two 4}in. armour-plates bent round and welded together. 
This pivot, which, being hollow, affords 1 communication between 
the interior of the turret and the magazine below, down 
through the nave of the wheel, the teak logs, and the lower 
deck, and is | held above and below the latter by massive 
cast-iron collars. The pivot also projects about 2 ft. above the 
base, and forms the axis of the turntable. Encircling this upper 
part is a brass ring from which radiate twenty iron rods, the 
outer ends of which form the axes of a similar number of conical 
cast-iron wheels, 18 in. in diameter at their r side, and 
Yin. wide. These wheels are kept in their p by two 
wrought-iron rings, through which the axles pass, and they run 
upon # metal tramway fixed to the wooden base already de- 
scribed, a similar tramway being secured to the underside of the 
turntable, and bearing upon the top of the wheels. There are 
also 24 brass conical wheels arranged around the pivot near the 
centre of the turntable. The arrangement above described is 
shown by Figs. J and 2. 


The turntable forming the base of the turret is made of timber, 
and is furnished with a central casting embracing the pivot fixed 
to the lower deck; it also carries the circular tramway bearing 
upon the conical wheels as already mentioned. Upon this wooden 
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circle of vertical T irons, each 10 in. by 6 in., placed about 1 ft. 
Sin. apart from centre to centre. At the lower of the 
turret, below the level of the upper deck, these vertical T irons 
are each connected with the arrangement of plates and angle 
irons shown in Fig. 2, the frames thus formed being firmly se- 
cured to the base of the turret, and the spaces between them 
being left open. At the upper part of the turret, the spaces 
between the vertical T irons are filled in solid with teak, and to 
the flanges of the ribs are rivetted, for a depth of about 5 ft. 
9 in. from the top of the turret, the 4 in. plates forming the inner 
lining. Outside the vertical ribs and teak filling is placed a 
trellis work formed of iron bars 6 in. by $in., arranged as shown 
in Fig. 4. This trellis work is next covered with 7 in. of teak, 
and outside this again are the armour plates 54in. thick, The 
total thickness of the side of the turret is thus 2 ft. 04 in., this 
being made up, for the greater part of the circumference, of the 
following commencing from the outside; armour _ 
‘tin. ; teak backing, formed of two layers of diagonal plan ing, 
7 in.; trellis work, two bars each, $ in. ; T irons and teak fill- 
ing, 10 in. ; and inner lining plate, $in. We have said that this 
is the arrangement of the parts for the greater part of the cir- 
cumference ; close to the port, however, the construction is some- 
what modified, an armour plate 44 in. thick being placed within 
the outer one 53 in. thick, in lieu of a corresponding thickness of 
backing. This arrangement is shown in Fig. 3. 
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Near the top, the turret is strengthened by an internal ring of 
wrought iron 14 in. by 2 in., and another ring, 6 in. by ?in., is also 
placed around the inside near the level of the upper deck. The 
armour plates are secured by bolts passing through the sides of 
the turret and the rings just mentioned, those passin —, 
the lower ring being protected from the action of shot by the 
deck of the vessel and glacis plate. There isa clear space of 
3 in. all round between the turret and the well, or hole in the 
deck, and this space is covered by a leather flap or ring, at- 
tached to the turret and bearing on a brass ring fixed upon the 
deck, as shown in Fig. 2. The top of the turret is formed of 

in. - carried upon strong angle irons. Inthe case of the 

yal Sovereign, these covering plates do not extend to the full 
diameter of the turret; but in some other turrets more recently 
constructed by Captain Coles, the covering-plates are not only 
carried to the outside, but are bent down over the armour- 
plates, which they thus greatly assist in holding in place. The 
mea of the covering-plates which are bent over can, of course, 

made much thicker than the remaining portions, if desired. 

The edge of the hole in the deck, within which the turret is 
placed, is strengthened by a ht-iron well-ring weighing 








base is erected the turret, the frame of which is formed of a 


about 6} tons. From this ring rolled iron beams, some 
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leading traversely to the sides of the vessel, and the others to 
the deck beams, to which they are firmly attached. On these 
beams are laid the 1 in. plates forming the deck, and upon these 
is placed around the turret a ‘ glacis plate,” consisting of a ring 
2ft. Gin. wide, and tapering in thickness from 3in. at the 
inner to nothing at its outer edge. Over the glacis plate is 
placed 8 in. of teak planking, and upon this is laid round the 
turret a ring of jin. plate, 2 ft. 6 in. wide, which serves to pro- 
tect the deck from being scorched by the discharge of the gun. 
The deck of the vessel rises slightly from the sides towards 
the centre, and is formed of 1in. plates covered down the 
centre, for a width rather greater than the diameter of the 
turrets, with 8 in. teak planking; the remainder of the surface 
is covered with teak 6in. thick. The deck is carried by closely 
placed beams of wrought iron and wood alternately, and the 1 in. 
plating is laid in plates about 12 ft. long by 2 ft. 6 in. wide, joined 
together by #in. rivets, and covering strips 4in. by lin. The 
lin. plating is doubled around the openings for the turrets, 
hatchways, funnels, &c., anda double line of stringer plates is 
also carried fore and aft between the turrets and the sides of the 
ship. The Royal Sovereign has a freeboard of about 6 ft., and 
the sides a 5¢ in. armour plates to about 3 ft. below the 
water-line. The armour plates are bedded upon crossed diagonal 
planking, which was added to the original sides of the vessel on 
her conversion, and makes the total thickness of the timber back- 
ing 3ft. This backing is strengthened by diagonal iron ties and 
by the ends of the deck beams, which are firmly secured to the 
sides of the ship by iron knees, , 

The gun within the turret is mounted on inclined slides, as 
shown in Fig. 1, and the port is only slightly wider than the 
diameter of that part of the gun which passes through it, the 
training of the gun being effected by turning the turret. The 
port, which is semicircular at the top and bottom, and is suffi- 
ciently long vertically to admit of the gun being elevated or 
depressed as much as necessary, has an area of 6 square feet. 
The rotation of the turret is effected by winches, general 
manned by four men, with work gearing connected with a rac’ 
placed around the edge of the turntable. In addition to the 
winch arrangement, however, the turret can be turned by tackle 
or by handspikes. 


Tue Gances Canat.—The Friend of India says that 
“the committee of engineers, which has been sitting at Roorkee 
for some time to report on the suggestions of Sir A. Cotton for 
remodelling the Ganges Canal, has just closed its labours. We 
believe that its perfectly unbiassed members have been ee be 
recommend the adoption of hardly one of that distingws 


engineer’s projects.” 
Grom Foinrwave—Stenswage have been used —_ 
on the Commercial-road, London, laid down by the late aa 
Walker, C.E. They are laid by the Board of Admiralty in = 
Majesty's dockyards ; they have been extensively used in po 
ol, and to assist in ascending the steep hills on the London 
and Holyhead-road. Such is the facility of traction on =e 
tramways, that a project was mooted at the commencemen! 
the railway era by the late Mr. Telford for constructing & ole 
coach road on the line of the London and Holyhead-road. “ 
was so well satisfied of its feasibility from numerous experimen 
he had made, that it was fully determined to carry it out, ‘1 
a company was in course of formation; but the —_ = 
Birmingham Railway being projected almost immediately a4 
its promulgation, the scheme for the want of public support 
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Tue valves of which we here give illustrations, and which 
have been patented in this country by Mr. Thomas S. Davis, of 
Jersey City, U.S., are of the piston class, and are constructed in 
such a manner as to allow of their being expanded to compen- 


sate for any looseness caused by wear. The cylinder in which 
they work is also arranged so that it is equally expanded through- 
out its whole length by the heat of the steam, and the trouble 
which is frequently experienced with the ordinary piston-valves 
from their being loose at one portion of their stroke and tight at 
another, owing to the unequal expansion of their seating, is thus 
avoided. In our engravings, Figs. 1, 2, and 3, are elevations 
and sections of one of these valves, whilst Figs, 4 and 5 show 
their applications to an ordinary cylinder; Figs. 6 and 7 are 
enlarged sections of the chamber in which the piston-valves 
work, and Figs. 8, 9, and 10 show an improved arrangement of 
the valve-chamber, which we shall describe presently. 

The valves or pistons are each formed of a series of concentric 
split rings held between two discs placed on the valve spindle, the 
inner ring being made conical on the inside, and provided witha 
correspondingly shaped follower, by which it can be expanded. 
The sections, Figs. 1 and 3, will show the arrangement of the 
rings. The outer ring is a broad one, and has each of its edges 
slightly dovetailed ; within it are placed two narrower rings of 
the section shown in Fig. 1, these having shoulders on the out- 
side of them which embrace the broad outside ring, thus 
preventing it from springing out, and others on the inside 
which are held between the two discs forming the ends of 
the valve. In our illustration, the line dividing these rings 
from each other has accidentally been’ omitted. Another 
ming is placed inside those last mentioned, and this ring 
has its inner side turned to a conical shape; within it 
is placed a solid cone or follower, which can be forced 
into the conical ring by means of three set screws passing 
through the outer disc of the valve, as shown in Figs. 1 
and 2. All the rings forming the valve are split or cut 
across, and they are arranged so as to break joint, and are 
put together with dowel pins, so that they are always main- 
tained in the same relative positions. From the above descri 
tion it will be seen that, by screwing up the set screws in the 
outside dise of the valve, the central cone will be forced into the 
conical inner ring, thus expanding it and the rings outside it, 
and compensating for any wear that may have taken place. In 
Fig. 4 and 5, the piston-valves are shown fitted to a cage or 
cylinder placed in the steam chest upon an ordinary valve face. 
he ports are continued around the valve cylinder, as shown in 
the enlarged sections, Figs. 6 and 7, and the action of the valves is 
similar to that of an ordinary slide valve, the thickness of each of 





DAVIS’S PISTON VALVES. 
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the valve pistons being made greater than the width of the steam 
ports by the amount of the lap. Conical valves in communi- 
cation with the steam ports are placed on each side of the valve 
cylinder, as shown in Figs. 6 and 7, these valves serving as relief 
valves in the case of water getting into the main cylinder. 

In the arrangement shown by Figs. 8, 9, and 10, the valve- 
cylinder is made longer, and, the steam ports being formed near 
the end of it, the steam passages leading to the main cylinder 
are kept short. The et cylinder is almost entirely sur- 
rounded by a steam jacket, into which the steam enters before 
passing into the = and the valve cylinder is thus uniformly 
— ed throughout the whole length. The exhaust passage 
is led from the valve cylinder between the valve pistons, a trans- 
verse section through it being given in Fig. 9, whilst Fig. 10 
is a transverse section between the exhaust and steam ports. 
The steam enters at the ends of the valve cylinder, and the 
action of the valves is the same as that of an ordinary slide- 
valve. Piston-valves are, of course, always in equilibrium, and 
if effective provision is made for taking up the wear and for pre- 
venting the unequal expansion of the cylinder in which they 
work, as appears to be done in the arrangement which we have 
described, there is no donbt but that they can be used with 
advantage in many situations. We believe that Mr. Davis’s 
valves have been applied to many engines in America, and found 
to answer well. 








RAILway SIGNALS WaNnTED.—An “ Associate of the Insti- 
tution of Civil Engineers” and his fellow-passengers narrowly 
escaped being roasted alive a few days since on the Windsor 
Branch of the South-Western Railway. The party left Water- 
loo in the last compartment of a first-class carriage at the tail 
of the train, and in passing Nine Elms experienced a sudden 
shock which led them to suppose that their carriage had got off 
the rails. At Clapham Junction, where their train did not stop, 
they were startled by the fearful announcement from the persons 
waiting at that station that their carriage was on fire, and 
shortly afterwards smoke began to penetrate the floor of their 
compartment. They in vain attempted to attract attention as 
they rushed past Wandsworth and Putney Stations, by shouting 
“fire,” and by mca | open the doors of the carriage; and it 
was not until they reached Barnes that their train was sae 
It was then found that the supports of one of the springs had 
broken, and that the friction of the disconnected end of the 
spring against the woodwork of the carriage had caused the jolt- 
ing and the smoke. Had not the train been stopped at Barnes, 
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REsIsTANCE TO Roap Traction.—Contemporaneous with 
Telford in the improved management of roads was the little less 


celebrated McAdam, who gave his name to the system of road- 
making formed by means of small broken stone. The difference 
between Telford’s and McAdam’s — of roadmaking was as 
follows: Telford prepared a hard solid foundation for his roads ;, 
McAdam did not consider that n , and believed that a road- 
way might be formed on an elastic subsoil, provided there was a 
sufficient thickness or ten A of metal to support the weight of 


the traffic. a in the long run, was the most economical 
system of the two, although attended with a heavy first cost. 
McAdam’s had the 


—_ advantage, inasmuch as considerable 
districts of road could be converted to his system at a compara- 
tively light cost, though maintained at a subsequent heavier 
expenditure. Telford’s roads had the ‘advantage in point of 
strength and non-elasticity, and heavy weights could be moved 
over them with the least possible tractive power; and these 
matters were so thoroughly investigated that the absolute power 
required to move given weights over various descriptions of 
roads were scientifically tested by a machine invented to 
measure the power of traction, and to ascertain to a mathematical 
certainty the relative merits of every kind of road. The follow- 
ing are the results of a very extensive series of experiments. 
conducted with much care, over a very large extent of road 
repaired on different systems, and with different kinds of 
material. The tractive power or force of draught required to 
move 21 cwt. over the surface of the roads was as follows: 


1. Ona well-made pavement the draught is eo 83 lb. 
2. On a broken stone surface or old flint road =... 65 Ib. 
8. On a gravel road ove see * eve 147 Ib. 
4. On a broken stone road upon a rough pavement 
foundation ... $00 ove eee o 46 1b. 
5. On a broken stone surface upon a bottoming of 
concrete . ove ove ove ees 46 Ib. 
Building News. 


Tue Lock-ouTt on THE CyLpE.—There seems to be no 
hope of the termination of this unfortunate dispute, unless 
unconditional submission be made by the men. The mas- 
ters firmly reject all proffers of a settlement which do not 
refer matters back to,the — they occupied previous to the 
lock-out, and they are prodably strengthened in their resolution 
by the notorious fact that many of the men are wavering in 
their allegiance to their own leaders, and would be glad to 
resume work on the oldterms. ‘Three distinct offers have been 


made by the men within the last ten days to bring about a 
settlement, all of which, however, have been declined by the ' 





it would speedily have been in flames. 





The men desire a concession in some form. 


masters. 
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BOMBAY WATERWORKS. 


In the article on this subject which appeared at page 
247 of EncingeRrtne for 20th April last, it was stated 
that a water supply for the town of Bombay had been 
obtained by constructing a reservoir near Vehar, in 
the island of Salsette, whence the water was conveyed 
through about sixteen miles of iron pipes. The object 
of the present article is to give a detailed description 
of the works undertaken in connexion with that project. 

Surface-collection was the only source by which 
Bombay could be efficiently supplied with water, and 
the only valley debouching m the neighbourhood from 
which such a supply was obtainable is that of the 
Goper. The island of Bombay forms, in fact, a con- 
tinuation of this valley; so much so that, before the 
construction of the embankment between Sion. and 
Worlee, the Goper used, when in flood, to traverse the 
island of Bombay on its way to’the sea. ‘The capa- 
bilities of this valley in respect to the water supply of 
Bombay were first pointed out by Major Crawford in 
1846. 

The Goper debouches on the mangrove marsh which 
separates Bombay from the islands of Salsette and 
Trombay, at s point about nine miles distant from 
Bombay Cathedral. Ascending it from thence, the 
hills, at first detached and distant, gradually approach 
and unite into ranges, till near Puspolee, about 16 
miles from Bombay, the valley suddenly contracts into 
a narrow gorge. Below this point the ground in the 
neighbourhood of the Goper offers no facilities for the 
construction of dams or reservoirs; but the gorge 
above Puspolee, which is about a mile in length, con- 
tains two exceedingly good sites for a dam, Above 
this gorge the valley expands into a wide plain or 
basin, surrounded with very high wooded hills, in the 
centre of which was formerly situated the village of 
Vehar. The basin of Vehar offered peculiar facilities 
for the storage of water, its bottom being extremel 
flat, and covered with a tenacious clay of which bric 
and common — were made, while the hills which 
form its sides rise a ruptly, and are composed of com- 

act unstratified rock. The gorge through which the 
Sener escaped was the lowest, but not the only breach 
in the circle of hills surrounding the basin of Vehar, 
other weak poisse presenting themselves along the 
southern margin the proposed reservoir, across 
which dams had to be constructed. 

The average rainfall over the Vehar gathering- 
grounds exceeds somewhat 100 in. in the year, of which 
it was estimated that at least six-tenths would become 
available to the supply of storage reservoirs. The 
surface of the country drained by the Goper, above the 
point where its channel is intercepted by a dam, is 
4682 acres, or 7.316 square miles, which, with an 
available fall of 60 in. of rain, would give a total supply 
of 6,355,211,091 gallons. 

In the early part of 1855, after having completed a 
survey of the Vole valley, Mr. Conybeare came to 
England in order to obtain such information as would 
enable him to test the accuracy of his estimates, and to 
make himself acquainted with the practical working of 
any of the latest ~aPe in hydraulic engineer- 
ing, which might of service in facilitating the 

erfect completion of the works projected in Bombay. 
™ consequence, however, of his non-return to India 
at the expected time, Government set about the com- 
mencement of the works, and entrusted their superin- 
tendence to Mr. West, who had assisted Mr. Gisdienes 
in preparing the surveys and plans. 
orks were commenced on 3lst January, 1856, 
with the main dam at Syce, a point a little above the 
Puspolee datum. The formal inauguration of the work 
at its commencement was presided over by Lord Can- 
ning, on which occasion the Government offices in 
Bombay were closed at noon, in order to enable all who 
were desirous of witnessing the ceremony, which took 
place at 5 o’clock in the afternoon, and extra trains 
were run by the Great India Peninsula Railway for the 
conveyance of passengers towards the spot. 

Having completed his detailed estimates and specifi- 
cations for those portions ef the works which it was 
proposed should be undertaken by contract, and having 
obtained tenders for the sane, Mr. Conybeare did not 
return to India, there to superintend the execution of 
the works, as had been originally intended, but he 
remained in England, and undertook the responsible 
duties of consulting engineer to the East India 
Company for the Bombay Waterworks, and proved 
and inspected the pipes and other materials previously 
to their shipment for Bombay, and Mr. J. D. Walker 
was sent out as engineer in chief at Bombay. 

The main dam was, as we have before stated, placed 
at Syce, where the valley of the Goper is contracted 
by a chain of hills into a narrow gorge. The con- 





struction of this dam, together with the two other 
embankments necessary for completing the reservoir, 
and of a waste weir, inlet tower and masonary 
connected therewith, and laying of pipes through the 
embankments, was undertaken, bod contract, by 
Messrs. James Bray, Son, and Champney for the sum 
of sixty-seven thousand and twenty-one pounds. 

The site of the reservoir was cleared of all trees, 
hedges, stone dykes, and other fences ; houses and 
other buildings pulled down and removed by, and at 
the expense of, the Bombay Government. 

The whole of the surface of the ground to be covered 
by the three embankments was in the first instance 
stripped of all loose earth, soil, and rotten rock, so 
that the embankments might come into close contact 
with, and rest upon, solid rock or clay. The excava- 
tion for the trench to receive the puddle walls of the 
embankments was carried down to a permanently 
secure bottom, and was stepped into the Bn sides, so 
that the puddle might have a proper vertical bearing on 
its seat. The top width of the Syce, or principal em- 
bankment, is 24 ft., and that of the other two embank- 
ments 20 ft.; the inner slope of all three embankments 
being 3 to 1, and the outer slope 24 to 1. The puddle 
walls are all 10 ft. in width at the top, with a regular 
batter on each side at the rate of 1 in 8. The clay for 
the puddle walls, and material for embankments, were 
taken from within the water-line of the reservoir; that 
for the puddle walls was formed in regular layers of 
about 4in., and that for the embankments in layers of 
about 6in. thick; the materials of each layer being 
broken up and evenly distributed, and then watered 
and beaten with wooden pounders. The puddle walls 
were kept on a level of 6 in. above the adjoining por- 
tion of the embankment during construction, and, in 
order to allow for settlement, the contractor was bound 
to complete the embankments and puddle walls toa 
height greater than their required permanent height, by 
half an inch for every foot in height. ‘The slopes, ex- 
ternal and internal, of all three embankments, as well 
as their top surfaces, are covered with 12 in. in depth 
of rough stone pitching, set by hand, and resting on an 
additional inch of broken stone. The earthwork in the 
principal embankment consists of about 255,700 cubic 
yards, and in the other two embankments of about 
43,620 and 106,745 cubic yards respectively. 

One line of cast-iron pipes, of 41 in. interior diameter, 
is laid through the main embankment at an uniform 
level, in a trench sunk below the natural surface of the 
ground; and where the pipes cross the puddle wall, 
they are supported on a solid bed of masonry. At their 
joints the sockets of the pipes have laps of yarn 
tightly driven in, and a layer of lead of an uniform 
depth of 23in. run in by means of a clay fillet, and 
afterwards well caulked down flush with the face of 
the faucet, the weight of lead in each joint averaging 
about 60 Ib. 

The waste weir, which is situated at a short distance 
from the Syce dam, is constructed on the same prin- 
ciple as the embankments, and is faced throughout 
with chisel-dressed ashlar set in the best Portland 
cement. 

Inside the main dam is situated the inlet tower. In 
the construction of this, the earth was first excavated 
in order to obtain a solid foundation. The fonnda- 
tion of the tower consists of two courses of stones 
8 in. thick. The tower itself is built of rubble masonry, 
faced inside and outside with chisel-dressed ashlar 
masonry set in the best cement. The tower is octa- 
gonal in form, and is surmounted by an ornamental iron 
roof; four inlet pipes and the supply pipe are let 
through the masonry of the tower, and round each 
pipe a recess, cut in the masonry to the depth of 34 in. 
and }$in. on the face, was run in with lead to make 
the joint water-tight, and caulked down flush with the 
outside of the tower. A gangway forms the means of 
communication between the top of the embankment 
and the inlet tower. 

Outside the embankment is the sluice-house, into 
which the 41 in. supply pipe from the inlet tower is 
led, and where it is connected with the sluice valve 
for regulating the supply of water from the reservoir 
to the conduit pipes. 

The conduit for conveying the water from the sluice 
house into Bombay consists of cast-iron pipes, of 
32 in. internal diameter, }$in. thick, and 12 ft. long, 
exclusive of the faucet, laid in trenches 5 ft. below 
the surface of the ground, and then well covered over 
with the soil again. ‘The distribution of water through- 
out the town is effected by means of pipes varying in 
internal diameter from 28 in. to 3in. The greater part 
of the pipes, both forthe conduit and distribution ser- 
vices, were obtained from Messrs. Stewart and Bowser 
of Glasgow. 


The rate at which the supply of water from the 
Vehar reservoir was calculated, was 20 gallons per 
head of population per day. This may doubtless be 
thought a small allowance for an Eastern city, but it 
must be remembered that the sources whence such sup- 
plies were formerly obtained still exist, and that 20 
gallons per head per day was therefore in addition 
to the supply formerly enjoyed by the inhabitants of 
Bombay. 

The Vehar Waterworks were completed and taken 
over by Government from the contractors on the 13th 
of May, 1859, and the ‘reservoir began to fill imme- 
diately on the setting in of the ensuing rains. On the 
Ist June following the gauge aunt 32 ft. 7im.; on 
2nd July, the water had’ risen to 35 ft. 7 im.; on 1st 
August, to 43 ft. 8in.; on 2nd September, to 48 ft. 
4in.; and by the 6th October it had attained a height 
of 50 ft. lin. above the lip of the lowest inlet pipe. 
The real depth of the lake was, however, nearer 80 ft., 
about 30 ft. lying in the bottom ‘of the valley. 

The water of the reservoir was, on analysis, found 
to contain only 2.20 grains of saline matter in 10,000 
grains of water, and this saline matter consisted of 
chloride of sodium, with a minute quantity of chloride 
of calcium. 

During a great part of the hot season of 1865 the 
Vehar water was in a more or less impure state, and 
animalcules and particles of aquatic plants were dis- 
covered in the water drawn from the distribution- 
pipes ; aquatic vegetation was also so abundant in the 
neighbourhood of the inlet tower as to choke its 
strainers, and there was a layer of foul mud several 
inches thick in the lower part of the bed of the re- 
servoir. The water drawn from near the bottom of the 
reservoir, through the lowest valve of the inlet tower, 
had an offensive odour, while that taken from the 
surface was nearly free from it ; a sample of the water 
drawn from below for examination had lost its offensive 
smell when it arrived in Bombay. This general offen- 
sive condition of the water was no doubt caused by the 
decomposition of both vegetable and animal matter, the 
greater intensity of the foul odour at the greater depth 

cing due to the water in contact with the mud at 
the bottom being more fully impregnated with the gas 
evolved during the putrefaction of organic matter, 
while this gas became dissipated or destroyed by 
oxidation when the water came into contact with the 
atmosphere. The water, though temporarily deterio- 
rated, was found, on chemical analysis, after being 
freed from suspended impurities, to hold dissolved in 
each gallon only six-tenths of a grain of organic 
matter. 

Although at the time of commencing these water- 
works the population of Bombay was only between 
five and six hundred thousand, and it is now above 
eight hundred thousand, there is no reason to fear that 
the town will again suffer from the painful calamity of 
a scarcity of water, since, by raising the embankments 
which enclose the Vehar valley, the reservoir may be 
made capable of containing as much again as at pre- 
sent, pe thus the supply of water from it be doubled. 

The purchase of the Vehar estate by Government 
cost 15,000/., and the amount of the several contracts 
for making the reservoir, laying the pipes, and supply of 
pipes and other materials, yacluding the cost of freight 
to Bombay, were estimated, in the first instance, at 
257,448/. 7s. 10d. The value of stores sent from Eng- 
land, including freight and shipping charges, up to the 
end of 1862, was 120,175/., and the total cost of the 
works up to that date had amounted to 454,239/. Of 
this sum it has been determined, by Act II. of 1865, 
of the Bombay Council, that 373,005/. shall be repaid 
to Government by the municipality of the town of 
Bombay, by annual payments of 17,500/., which sum 
shall include interest at 4 per cent. per annum on the 
unpaid portion of that sum, the balance being devoted 
to the formation of a sinking fund towards paying off 
the principal. 








Mr. Hopcr’s SteaM Fire-EnGing.—We had occasion, some 
time since, to express some doubts as to the performance an 
even as to the existence of the steam fire-engine alleged to have 
been constructed in 1840-41, by Paul R. Hodge, in New York. 
The American Artisan, in referring to our notice of it, remarks 
as follows: “ We never saw this engine, but we are informed by 
an old fireman, who is an expert in engineering, that she worked 
well. Mr. Carson, who was at one time chief engineer of the 
Fire Department, makes the same report of her. The reason 
assigned for her failure to keep in use is, that the insurance 
companies, which built and worked her, found the expense greater 
than the estimated saving to them. As for the public 
authorities, they, as usual, did not move themselves, and the fire- 
men did not move them. From the engraving and the reports, 
we judge that this plan of engine is better than those now im 
favour with the department; and if it were perfected in details 
and proportions, and fitted with steering gear to make it in- 





dependent of horses, it would be a good engine.” 
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SAFETY-VALVE LEVERS. 


In the course of an article on safety-valve levers in 
our last number but two, we gave a rule by which 
of such levers, 
when of the ordinary form, could be determined 
As 
such rules are generally more easily remembered when 
the principles upon which they are founded are 
thoroughly understood, we intend now to explain the 
manner in which the rule above mentioned is obtained. 


the position of the centre of gravit 


with sufficient accuracy for practical purposes. 


The rule as given in our former article stands thus: 
“Tf the lever is of uniform thickness, add together its 
* depths at the fulerum and outer end, and call this the 


* sum of the depths, then the approximate distance of thd 


“ centre of gravity of the lever from the fulcrum willbe= 
+ ler 
“ 7 3 
4 length of lever+ cam of denier” 


In the upper part of the subjoined figure we give in 
full lines the shape of an ordinary safety-valve lever, 
and, in dotted lines, the assumed shape upon which 
the above rule is founded. In the lower part of the 
figure we repeat the assumed shape, just. alluded to, the 
vertical scale, however, being enlarged for the sake 
of clearness. In the case of a lever of uniform 








D 

















thickness, having the shape A, B, C, D, we may suppose 
that it may be divided into two triangular portions, as 
shown by the dotted line. As is well known, the 
centre of gravity of a triangle is situated on a line 
reaching from one of its angles to the centre of the 
opposite side, and at a distance from that side of one- 
third of the length of the line, or, in other words, it is 
situated at the centre of a line stretching across the 
triangle parallel to its base at a distance of one-third 
the height of the triangle from it. The centres of 
gravity of the triangles A B D, B D C, will therefore be 
situated at distances, each equal to one-third the length 
of the lever, from the lines A D, B C, respectively. The 
common centre of gravity of the two triangles, or the 
centre of gravity of the lever, will be situated on the 
line joining the centres of gravity above mentioned at 
such a point that the parts into which it divides the 
connecting line are inversely proportional to the areas 
of the two triangles. Thus, in the diagram the centres 
of gravity of the triangles A B D, B D ©, are situated 
at horizontal distances, a 4, c d, from the ends of the 
lever, each equal to one-third of its length, whilst the 
horizontal distances, 4 e, e c, of the common centre of 
gravity of the two triangles from the points } and c 
are inversely proportional to the areas of the triangles 
ABD, BDC, respectively. As, moreover, both the 
triangles are of the same height, the height» being in 
each case equal to the length of the lever, their areas 
will be in proportion to their bases, and we may therefore 
employ the dimensions of the latter, instead of the areas 
of the triangles, in calculating the proportions of the 
parts into which the distance 4 ¢ is divided by 


the point e. We thushaveA D+BC:AD::46 ¢: 
ec; ore J ee. or, as given in the ‘rule 
aaeeladed ss * \ aediiandls 


1 Jeno > as ‘ , 
$ lengt ff Teast - depth, the distance 4 ¢ being, 
sum of depths ‘ 


of course, equal to one-third the length of thelever. If 
to the distance e c, as above obtained, we add ¢ d, or 
one-third the length of the lever, we have, as will be 
seen, the rule given in our former article on the 
subject. As we stated the week before last, when 
the safety-valve lever is not of uniform thickness 
throughout, but tapers towards its outer end in thick- 
ness as well as depth, “the depths multiplied by the 
“ thicknesses at the fulcrum and outer ends respect- 
“ ively may be substituted for the simple depths used 
“in the above rule. The remainder of the operation 
“is the same as before.” This modification of the rule 
would not give correct results if the amount of the 
lateral taper was considerable, but with the slight 
variation of thickness usually found in safety-valve 
evers, it is practically correct. It will be seen, from 
the diagrams, that our rules do not take into account 
the portion of the lever beyond the fulerum, the in- 
creased depth over the valve, the sudden reduction of 


igth of leverxleast depth 


balance screw. In applying the rules in practice, 
however, we have always found these various items so 
nearly compensate for each other, that the ‘position ‘of 
the centre of gravity of the lever was but very slightly 
affected by them. 








RAILWAY ECONOMY. 


THERE is nothing swxprising to engineers in the fact 
that the cost of working and maintainingy-railways 
should ually and igé@adily decrease byyslow. ‘and 
alinost imperceptible improvement in thépermanent 
way and in the rolling ssf0ek. | With betterjappliances 
inthe manufactures, with better material and better 
workmanship, ‘iniproved designs; and enl: experi- 
ence, greater economy must be the result in practice. 
Still, with regard to these general causes, from. the 
slowness with which improvements of a compatatively 
slight importance creep into practice, and from the 
great number of such improvements which must com- 
bine to show a marked. result in the economy of rail- 
way working, it is not, to,be expected that the changes 
in the cost of working: should be of a very sudden or 
rapid succession, and that considerable savings could be 
obtained without some striking and marked invention or 
improvement being introduced. If we hear of an ex- 
tensive line of railway reducing its cost of working to 
less than one-third of its original expenses in the short 
space of four or five years, we shall scarcely be prepared 
to attribute so strikmg a fact to the general advance- 
ment of engineering science and railway practice, but 
we will look out for some peculiar and important cause 
<_< may have brought about such an extraordinary 
result. 

On page 405 we have drawn the attention of our 
readers to the rapidly lessening expense of working the 
South Austrian Railway. The data relating to this 
comparison of working expenses have been published 
by M. Desgrange, the chief engineer of that line, and 
they are such that we should not have attributed them 
to mere general causes were it not for the express as- 
sertion of M. Desgrange himself. 

The history of the South Austrian Railway, however, 
affords some clue to that strange phenomenon. This 
line was constructed by the Government of Austria. 
It is celebrated for containing the Semmering incline, 
which up to this moment is considered the most. diffi- 
cult piece of railway practice in the world, and it has 
been still more celebrated in ‘Austria for having, in 
spite of a complete monopoly of the traffic in South 
Austria,‘and an oppressively high tariff, never properly 
paid its expenses so long as it was in the feat of 
Government officials. In 1858 the line was sold to the 
present company, but, owing to the war of 1859, it 
could not be considered to have been in private hands 
till 1860, when it appears the cost of working a train 
per mile -was: 3s. 104. s 
It seems, therefore, from the results since then ob- 
tained by the South Austrian Railway Company, that 
there was plenty of margin to improve upon left to 
them by the Government authorities, but whether they 
have made the best of their opportunities by bringin 
the expense down to 1s. 3d. per mile in the course o 
five years remains still open to consideration. 

If we judge from the great stress which M. Des- 
grange lays —_ having discarded the old “ Engerth” 
engines, and altered them into goods engines with eight 
coupled wheels all between firebox and smokebox, 
with the enormous firebox of the Engerth:boiler pro- 
jecting behind, and counterbalanced in front by a lar 
cast-iron weight, we do not feel, over-confident in the 
excellence of ev ing that has been’done on -the 
South Austrian Railway. |) hy 
There is’one thing, however; which seéms to hiave 
been a decided success, viz. the laying of the entire 
length of the Semmering incline with rails of Bessemer 
steel made in the company’s own works at Gratz, re- 
ducing the cost of maintenance per mile from’ 1300/. 
in 1861 to 2877. in 1865, 








Tron in Buttprnes.—Mr. F. H. Graves, architect, writes to 
the Builder with reference to’the recent fires in the East India 
Docks, and he has written to the dock companies, pointing out 
that the failure of iron, by fire; in so-called fire-proof buildings, 
is the cause of the loss of the Building itself. His letter to. the 
dock companies is as follows: “The principle I desire to lay 
before you is that of building warehouses (walls, floors, and 
roof) wholly in brickwork, © This principle involves no extra ex- 
pense beyond that of a well-constructed warehouse; and the 
small loss of space (about one-eighteenth) occasioned by its use 
is fully compensated by the far greater, not to say absolute, 
security of the building. This principle of construction has 
been carried into effect in two floors of a warehouse near. Arun- 
del-street, Strand, which is subject to all the rough usage such 
buildings are liable to, and is laden from floor to ceiling. It has 





depth at the outer end, nor the eye for the spring- 








ENGINES OF THE MONITOR STEAMER 
MONADNOCK. 


Iw this number we present our readers with a plan and eleva- 
tion of Ericsson’s form of engine as applied by him to his moni- 
tor iron-clads, the particular engine sel being that of the 
Monadnock, the monitor which recently sailed round Cape Horn to 
Valparaiso, and which is in all respects except in the engines a 
sister ship to the Miantonomoh, the monitor which during the 
past week has arrived in Queenstown after crossing the 
Atlantic. 

The monitor engine in its main features resembles the engine 
introduced by Ericsson a quarter of a century “po into the United 
States war steamer Princeton only that, the half cylinders of that 


vessel, in which the pistons. yibratedte and fro like a door moving 


on its hinges, have been replaced by horizontal cylinders and pis- 
‘tons of the ordinary descripti e Princeton, which inaugu- 
rated a new epoch in the history of vessels, was the first 


screw steamer with the phe Polly water line, while the 
Pomone built, by Count Ericsson’s representative in this 
country for the French Admiralty, and the Amphion built by 
him for the English Admiralty, were the first European war 
vessels with the machinery below the water line, and the 
Amphion type of engine remains to the present day that which 
is most approved in this country for war vessels. In America 
the monitor engine has obtained a wide introduction, and it 
commends itself our approbatior ‘by ie mmetry, compact- 
ness, and accessibility in all parts. “It*is found practically in 
America that this form of engine is one of the most reliable 
that the government possesses, on which account when the 
officers of the navy were called upon to select the most reliable 
vessel to perform a voyage of 14,000 miles round Cape Horn, 
the Monadnock was the vessel chosen, and her performance has 
in every way justified the choice. In our eyes the engines have 
one imperfection in being fitted with a trunk which by its 
alternate exposure to the steam and the air at every stroke 
must condense more steam than a simple piston-rod would do, 
Nevertheless the loss arising from this cause must be small, seeing 
that the trunk does not extend right through the cylinder, as in 
our ordinary trunk engine, but is confined to one side of the 
piston, and seeing er that, unlike Penn’s trunks, Ericsson’s 
trunks are very small in diameter, since they do not require to 
be of such size as to allow the angular motion of a connecting- 
rod, but only of such moderate size as will allow the small vibra- 
tion of the link which connects the piston to the lever of the 
horizontal rocking-shaft, which imparts motion to the crank. 
The detriment, c uently, which will arise from the employ- 
ment of such a trunk will be inconsiderable, and it may 
easily obviated altogether by substituting a piston-rod for the 
crank, and by connecting the end of it to the lever by means of 
a short link. But this arrangement would be less symmetrical 
and compact then that which Eriesson has adopted. 

The general character of this form “of engine will be readily 
apprehended by a reference to the figures—the lower figure 
being a ground plan, and the uppef an end view, of the engines 
—the dotted circle in the centre of the upper figure being the 
circle described by the crank-pin at the end of the screw-shaft. 
The two cylinders are placed end to end in the centre of the 
vessel, and trunks cast on the pistons project outward towards 
the sides of the vessel. These trunks it the vibration of 
links attached at the midship ends ‘to pistons, and at the 


other ends to levers attached.to short horizéntal shafts running 
across the ends of the cylinders, © levers fixed on the same 
shafts a little further ak comm the motion they receive 
from the pistons to the crank by of suitable connecting- 
rods. By this arrangement the eter of the crank may 

made much larger than in. ordi t-acting engines, and 
the strain be the neck will be borrespondingy reduced. A 
reduced prolongation of the ae t forward carries the 
eccentrics, and motion to*#ome other subordinate parts, 
and in Jarge engines the fore paft 0f the erank is made as strong 
as the after part, being cut. oti*of the solid, ‘as in locomotives. 
The slide-valve consists of a solid: plug of metal, which is very 


easily moved, as the pressure isjtaken off the face, by covering 
the valve by a loose saddle, against which the valve works steam- 
tight. But both saddle and valve Will leave the face if priming 
should occur, so that there is n@ risk of fracture from water 
being shut within the cylinders.**The bottom of the cylinders, 
or the division between them, is formed of a hollow casting 
something like a stationary piston bolted steam-tight between 
the two, and it has been supposed by some persons there would 
be a material loss from the transmission of heat through this 
division when: one cylinder is open to the condenser and the 
otber,to the boiler... But. this is the condition under which all 
engines work, since in all condensing engines one end is open to 
the condenser while'the other is oe to the boiler, and the fact 
of | mary plug or piston being stationary cannot make 
the'q ity of heat transmitted through it greater than if it 
were moveable. In point of fact, however, very little heat will 
be so transmitted at all, seeing that a vacuum is a bad conductor, 
and that it is the first principle in all modern engines to keep 
the cylinder as hot as the steam which enters it. 








ANTHRACITE FuRNACES.—A parepretent of the Times, 
whose well-known final, “ Y,” is that of Dr. Percy, states that 
Mr. §. H. Blackwell has, by a slight modification of the internal 
form of-the blast furnace, removed all the difficulty of gobbing 
up in the use of anthracite. More than this, the consump- 
tion of coal is said to be but 174c¢wt. per ton of iron made! 
We think it will be requisite that some one should sign his full 
name to this statement in order that it may be credited. Inthe 
American anthracite furnaces, the anthracite containing from 
84 to 94 per cent. of carbon, two tons are required to each ton 
of iron made from brown hematite ore. The pressure of blast 
is heavy, from 6b. to 10 1b. per square inch, and strong blast 
appears indispensable with anthracite. The late Mr. Truran 
proposed, that in order to lower the temperature in the throat, 
and thus prevent the sudden decrepitation of the anthracite, the 
throat should be of the same diameter as the boshes, the shaft 
of the furnace being cylindrical. Another mode of diminishing 
the temperature in the throat is that now pursued by the Cleve- 
land ironmasters, who are increasing the height of their stacks 





been in occupation upwards of five years, and was favourably 
noticed by the Builder of the 4th May, 1861.” 


to 90 ft., 100 ft., and even 102 ft. 
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ENGINES OF THE MONITOR MONADNOCK. 
(For Description, see preceding Page.) 
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CoaL UNDER THE New Rep SANpstons.—We are pleased £& BorLer N.—A locomotive boiler ex- i Mexican Raitwa The earthwor 

to learn that the persevering efforts of Messrs. W. H. Dawes ea a Ta ww bn at the Ne tt ngham gis station of the Mid we. Te upon 217 miles of the bs — pod 
and Son to penetrate the Permian strata at Hales Owen hav ° | Land d Railway, n nearly killi -—S fireman, ah peel, | and the section between the An oe exico a distance of 85 
been rewarded by their reaching the ten-yard coal, whic ich they injuring three others. We have no wish to dis ute the care exer- | with the neers line to Pu sm 2S section, now 
did on Tuesday week, the very day on which Mr. Vivian ren cised in the locomotive department of the Mi d Railway ; ‘but miles is believed to be and the Gasdalur tion 3% miles. Up 
livered his able speech in the House of Commons, with a view | it is a striking fact that Cobaetiee boilers have for the last six open, is 47 miles lo’ on nes upe sec oo 
to show that our stock of available coal is so iange as to leave on dg years exploded only upon lines where a periodical | to the end o oar tee ste Pt Jemoet Samuel OE. 

no ground for national anxiety on the score of its exhaustion. | hydraulic test is not adopted. been 1,594,241 e engineer is 
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THE ROYAL SOVEREIGN. 


Tue trial, on Friday last, of the Bellerophon’s 12$ 
ton, 9 in. rifle gun 


is established, the reason is plain. A turret 20 ft. 6in. 
in diameter, and weighing 116 tons, cannot be disturbed 
as a whole by a shot of less than the one-thousandth 
part of its own weight, moving at not far from 1400 ft. 
r second, and striking upon a surface only 9 in. in 
meter. This kind of remy | could never jam the 
turret. Nor, as was shown by the basins of water placed 
within, was the turret even jostled. But as for pene- 
tration, the result applies equally, we think, to the 
turret and to a broadside covered with the same 
armour. The Minotaur’s side, with the same thickness 
of plates, 54 in., although having a greater thickness 
of teak backing, might have been expected to come off 
very much as did the turret. For with a shot aimed 
exactly at the centre of a turret 20 ft. 6 in. across, the 

rinciple of the arch, as applied to the semi-circum- 

erence would not be effective, and the point struck 
might as well have been ona flat plate. Greater pene- 
tration might have been expected from punch-headed 
shot, supposing them to strike fair, and end on; but 
we believe that they are so erratic when fired from 
long-twist guns (as distinguished from the rapid poly- 

onal twist of Mr. Whitworth, who was among the 
first to fire flat-headed shot against armour plates) that 
Captain Key would not trust them to reach their mark, 
pe so fired conoidal-headed steel bolts. It might have 
been that punch-headed shot would have gone straight 
through into the turret, as Captain Coles had himself 
expected ; and had they done so, so probably they would 
have gone through the sides of the Minotaur. But with 
the long-twist rifling, which all our heavy rifle guns will 
have, flat-ended shot are not likely to be used to any 
extent in war. 

The trial showed, in a most striking manner, the 
necessity for an inner skin or backing of some sort, to 
prevent the flying of bolt-heads, broken off by the con- 
cussion of shot. These, inside a turret, are as bad as 
canister shot. We believe that a Coles has a plan 
whereby he now prevents the fig t of these missiles. 

Something has been said of the trial of the gun of 
1866 against the turret of 1862, as if the contest were 
unfair. It is true the turret was then made to car: 
the 12 ton gun, and it was to have been expected, 
therefore, that it might have to meet guns of the same 

ower on board the enemy. But the 12 ton gun, in 

862, was a 10}in. smooth-bore, while it is now a 
9 in. rifle. In other words, so far as punching and 
jamming are concerned, the gun of 1866 is more for- 
midable than that for which the turret was made in 
1862. So, also, in 1862, very heavy armour plates had 
not been rolled. Captain Coles, now that he can have 
10 in. plates, prefers them; but so, for that matter, 
does ur. Reed, and every one knows how they add to 
the weight, although the protection increases, as is be- 
lieved, in a much higher ratio, or as the square of the 
thickness. 

It is not probably within the knowledge of many of 
our readers that, in September, 1861 (nsarly five years 
ago, and before the Monitor was heard of), Captain 
Powell conducted a most a. series of trials 
- are + Captain Coles’s cupola gun-shield on board the 

rusty. Forty-three shots in all were fired, thirty-four 
of which were with the 100-pounder, 12lb. ¢ ange, 
and four with the 68-pounder, 16 lb. charge. e 
only been recur eg this 


report of these trials 


only to Mr. 


then there is more linear extent of plating 


are out of action. 
with a shell, and do great damage inside. 


American cast-iron 


worth more to us than we can estimate. 


shot. The Assistant-Secretary of the American Navy 
Admiralty authorities might properly ask, without 
much fear of a refusal, or of Py 

fusal, for what would set at rest, one way or the other, 
a long-disputed question. We write this on Tuesday, 
the Miantonomoh having just arrived at Queenstown, 


such a trial will have occurred to many others. 








THE ENGLISH CHANNEL. 


Burt fifteen years ago, in the year of the Great Exhi- 
bition, it was regarded as an unlikely attempt when 
Mr. Wollaston undertook to lay a telegraphic wire 
across the channel from Dover to Calais. We have 
now ceased to regard with wonder the experiment, 
already attended with partial success, of laying a cable 
across the bed of the Atlantic. The third attempt, 
about to be made, is now xegarded with hopeful 
interest, and whether it succeed or fail, the laying and 
working of a telegraphic wire between Great Britain 
and America is believed to be a matter quite within the 
ultimate limits of engineering possibility. 

But, with all that has been done, there are many who 
are still most incredulous as to what is yet possible. 
The crossing of the English Channel, by any other 
mode than sailing or steaming over it, would, we do 
not doubt, be reckoned even now as an impractibility 
of the first order: But, although little is heard of it, 
there is now no subject which really engages more at- 
tention from the leading members of the profession. 
We are in a position to know that it is being weighed 
in all its bearings, and much is likely to be heard of it 
within the next few years. 

The shortest distance between the English and 
French coasts is between a point about midway 
between Dover and the South Foreland, and Cape 
Grisnez, or Greynose. The distance is 20.6 miles. 
The water deepens very ually from both coasts, 
attaining a depth of 9 fathoms, or 54 ft., about one 
mile‘out. On the English side a depth of 100 ft. is 
reached at four miles out, and this depth remains 
uniform (the bottom being level) for two miles further. 
On the French side the water ~~ ns faster, but the 
greatest depth, 29 fathoms, or 174 ft., is scarcely more 
than half way across. In other words, any one of the 
fast channel steamboats, were we to suppose it stand- 
on one end at the bottom, would rise to the level of 
the water at the other. From a point a little to the east 
of Folkstone, we might go ten miles out, to the Varne 
sands, without going out of 15 fathoms’ depth. It 
would be, possibly, within the ultimate resources of 
engineering skill to put down piers in the sea, so as to 
permit of the construction of a high-level bridge all 
the way across. Admitting for the moment that this 





session, paper No. 267, but it is perhaps the most 


cans fear for their gun? Why should we fear for the 


is here, if any official authority be ie and our 


arm in case of re- 


and we have no doubt that the reasons in favour of 


favourable which has ever appeared as to the turret| ventured upon, no less than 108 piers would be 
(then the cupola) system. This report, so long delayed, | necessary. The highest of these would be, at least, 
is of so remarkable a character that we have reprinted | 300 ft. high. The central pier of the Saltash bridge was 
it in full on another page. After that the results of | put down in water 50 ft. deep, and the foundations 


went 82 ft. below the surface. But here the water 


The outer diameter of the Royal Sovereign’s turret | was comparatively still. What construction could be 
was fixed when but one gun was allowed in a turret; 
but with 23 ft. to 26 ft. two guns are carried, as is the | withstand the full fury of the sea at the surface ? 
case, also, in the newer American monitors. Even | Many would ask this question, but it is to be re- 

‘ r gun | membered that in water of this depth the action of the 
than on the broadside system, although with the broad- | waves is wholly oscillatory, and it does not follow that 
sides, with the enemy on one beam only, half the guns|the same effects would result from a storm as at 


devised which, in water nearly 200 ft. deep, would 


Plymouth breakwater, where the water shoals over a 


It would now seem but fair that the Royal Sovereign | considerable width on the sea face, thus causing 
should fire her 124 ton, 9 in. rifle guns, or one of them, 
against the Bellerophon. She would not penetrate the 
armour, but she might hit one of her five yon 

ot that 
the experiment is likely to be made, but we must look 
forward to the time when we shall have the stern prac- 
tice of war, instead of the holiday experiments of peace. 

So much has been said of the great power of the 
, that we wish the authorities 
would arrange with the captain-of the Miantonomoh 
against the after turret of the Royal | to try his 60 lb. of powder and 480 1b. shot against the 
Sovereign showed that the working of the turret was | Royal Sovereign’s turret. Why not? Do the Ameri- 
not injured by repeated blows from steel shot of the } 
250 Ib. fired with 43 lb. of powder. Now that the fact | turret? If it is knocked over, the nerig > will be 

ow soon 
may we have to meet such guns in war? The Ameri- 
cans as much need the knowledge which such an ex- 
periment would afford as we do. There is not much 
red tape in the American service. The captain of a 
ship may, of course, fire his guns when and how he 
likes, so that, in time of peace, he does no harm to 
others. Of course, then, he may fire if we persist in 
putting a ship in his way, and begging the favour of a 


breakers of tremendous force, sufficient to move stones 
of several tons weight. 

If a cylinder were put down at each pier, it should 
not be less than 50 ft. in diameter in the deepest water. 
A conical form would be better, say 70 ft. at the 
bottom and 35 ft. at the top. It would require 
immense anchorage on all sides to keep it in place 
laterally, and when the water was forced out it would 
require nearly 15,000 tons of weight, in some form, to 
keep it down—to prevent its rising like a huge balloon 
to the surface. But what would such a cylinder be in 
its own weight and structure? Were its average 
thickness, including strengthening, cross floors, &c., 
only 14 in., it would weigh upwards of 1000 tons. The 
pressure of air corresponding to the depth of the water 
would be upwards of 80 lb. per square inch. So far 
as the walls were concerned, the pressure would be the 
same within and without at the crate but were this 
pressure kept up even half way to the top, and a cor- 
respondingly lower pressure maintained in the upper 
end, the strength requisite to resist bursting would be 
very great, while the cross floors would require. enor- 
mous staying to resist the pressure on the flat. Then 
would come the question whether men could work at 
such depths, not of course under the full pressure of 
80 or 9 lb. per square inch, but whether means could 
be found whereby, with freedom of movement, they 
could have a t portion of this pressure taken olf 
their bodies. Here, again, they weld probably be so 
hampered by any gear contrived for the purpose that 
they would be no more effective, as workmen, than 

vers. 

And then what is the bottom? If it is only sand 
for a great depth, the engineer would not be much 
better off after he had reached it. It would be folly to 
run up a mass of masonry upon it, as a base for a 
series of t iron columns ; and even could this done, 
what would be the cost of each pier? We will not 
attempt to go into quantities, where the conditions 
upon which the quantities would depend are so imper- 
fectly settled, but we should gm an average cost 
of a quarter of a million to each pier would be the 
least that could be prudently estimated, and at this 
rate it would require an expenditure of 27,000,000/., in 
piers alone, te teldge the channel in even 1000 ft. 
spans. 

If the bottom be deep sand all the way—for borings 
have never been made to show even this fact—then 
the most direct mode of forming piers would be by 
sinking disc piles in the manner adopted by Mr. 
Brunlees in the construction of the Morecombe 
viaducts. But it would. be an operation requirin 

endless precautions, and attended, we fear, wit 

grave uncertainties, to lower in an open sea-way, 
and in 30 fathoms of water, great piles intended to 
stand at that height upon a bottom of sand. After 
they had grounded, it is doubtful whether they could 
be kept plumb, and it would require most powerful 
gear to give to the discs the vibrating motion requisite 
to their taking a fair bearing while the pumping is 
going on. It would be easy to pronounce such an 
undertaking impracticable upon its face, but in these 
times such off-hand conclusions can carry no real 
weight with them. We so soon become accustomed to 
that which, until it was done, was believed to be wholly 
impracticable, that we forget how many apparent im- 
possibilities have become facts. Of course there was no 
necessary impracticability in tunnelling all sub-London 
with underground railways, but who, ten years ago, 
would have listened ae | to such a proposal? 
Now, however, hardly enough lines of this kind can be 
made to meet the public want. 

When M. Thome de Gamond’s scheme for tunnel- 

ling under the channel was broached, rather more than 

eight years ago, an anonymous pamphlet was printed 

in Dublin, containing a scheme bor laying a 15 ft. com- 

pound tube all the way across. This tube was to be 

built out from one end. A great shield or water-tight 

chamber was to be employed at the bottom of the 





was possible, and that even 1000 ft. spans could be 


channel, and within this the tube was to be constructed 
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progressively, the shield being moved forward, at 
proper intervals, over the end of the tube, which would 
pass through a stuffing-box in the side of the shield. 
The materials for the extension of the tube would be 
taken into the shield through the tube already com- 
pleted. The tube was to be 14 ft. 7 in. in diameter 
and 3 in. thick, and was to contain two tubes of 7 ft., 
two of 4ft. 8in., and four of 2ft. 4in. in diameter, 
the intervening space being filled up solid. Passenger 
trains were to be driven through the 7 ft. tubes by 
atmospheric pressure pumped in at the shore end from 
which the train was moving. The trains were to be 
long hollow pistons, not running on wheels as in Mr. 
Rammell’s arrangement, but floated by the difference 
of atmospheric pressure upon their upper and lower 
sides, the upper side being open only to the exhausting 
end of the tube in front, while the lower side would be 
open only to the driving end of the tube behind the 
train. The calculations appeared to be carefully made, 
and showed that a difference of pressure of only 6 oz. 
per square inch would float a train of 100 tons weight, 
supposing it to occupy 600 ft. in length, in the 7 ft. 
tube. 

This general scheme for the construction and work- 
ing of the tube was probably practicable, although a 
great deal of detail remained to be designed. Thus the 
means for moving the shield along the bottom would 
require much consideration. The shield might be 
made to have very little weight beyond its displace- 
ment in the water, so that its resistance along the 
bottom might not be great. But at the greatest depth 
it would have a water pressure of between 900 and 
1000 tons tending to force it over the tube, and it 
would be only by bracing against the inner end of the 
tube itself that this pressure could be properly re- 
sisted, 

But there are grave difficulties in the way of this 
scheme, irrespective of its great estimated cost, which 
was no less than 12,000,000/., upon which a return of 
but 24 per cent. was anticipated. The tube might 
lie safely in deep water; but the shore ends, forming 
great reefs over which the sea would break, could 
hardly be depended upon to keep their place, and of 
course if they were started or the tube broken through 
at any point, the whole work might be lost. The 
projector, however, with true Irish naiveté (his pam- 
phlet was printed in Dublin), remarked that “if from 
any cause the tunnel were to roll over, no derange- 
ment of the working would take place!” Such a 
tunnel would form a dangerous reef nearly a mile out 
from either coast, and it would no doubt have a decided 
effect upon the harbours of Dover, Folkestone, and 
Calais. A vessel striking upon it might possibly 
break completely through it. The tube would be 
liable also to corrosion, and from the manner in which 
it would be formed within and ejected from the 
‘head ” or shield, it could not well be sufficiently pro- 
tected by preservative matter, and this, indeed, would 
be at once destroyed by the drift of shingle. In order 
to complete the tube within five years, it would have 
to be made at the rate of about 3 ft. an hour for the 
whole time. 

Mr. Chalmers’s great scheme fora channel railway 
is in the memory of many of our readers, and we need 
not enter upon its consideration. 

The most promising of all the channel schemes is 
that of the great steam ferry, the bill for which stands 
over, however, for the present. The proposed boats 
were to be considerably larger than the Holyhead and 
Kingstown steamers, and were to have engme power 
sufficient for a speed of twenty miles an hour. But 
we believe that the longer the question is mooted, the 
greater will be the admitted necessity for boats of 
the very largest class, although their draught need 
not exceed 8 ft., if as much. For large boats, piers 
of considerable length must be made into deep water ; 
but, the depth once gained, the scale of the ferry should 
be the very largest. The dread of the sea is the great 
thing to be got over, and it can only be done by 
making boats not merely large enough for accommo- 
dation, but for great steadiness even in the roughest 
weather. A length and width equal to that of the 
Great Eastern would not be tco great, and, in- 
deed, no dimensions can be too great for stability. 
Boats from 650 ft. to 700 ft. long would probably have 
two pairs of paddle-wheels, and, with 5000 horse power 
acting upon each, they could make the distance within 
the hour in almost alf weathers. There would still be 
an hour at sea; but those who have crossed the Atlan- 
tic, as we have done, in steamers of all tonnage, from 
1000 tons to that of the Great Eastern, know how 
comparatively steady is a large ship even in a gale, 
especially if she have abundant power. There can be 


no doubt that channel ferry boats may be made which 


shall have all the steadiness of the Great Eastern. 





THE AMERICAN MONITOR. 


Ir the question of the seaworthiness of turret ships 
is not yet completely settled, it has at least been proved 
that they are far more seaworthy than our naval 
authorities would at one time admit. Our own advices 
from America leave no room for doubt that the Monad- 
nock weathered Cape Horn, instead of going through 
the Straits of Magellan, on her most successful voyage 
to the Pacific, and we have now the Miantonomoh,* 
a double-turretted monitor, in English waters. We 
are not dependent, either, upon interested or exagge- 
rated American testimony as to her performance, for 
Captain Bythesea, R.N., who has been in America for 
some time on Admiralty service, came across in her in 
company with Mr. Fox, the assistant secretary of the 
United States Navy, and if the gallant captain did not 
himself write the Zimes account of the ship and her 
voyage, we may be sure it was written upon the best 
authority. ‘Crossing the Bay of Fundy, she en- 
“ countered weather which, without amounting to a 
“ gale, was considered very boisterous, but she rode 
“through it easily. On the voyage to Queenstown 
“the indicator marked no greater rolling than 7°, 
“ while 2° is stated to be the average. Her paddle- 
* wheel consorts, on the other hand, rolled to a maxi- 
“mum of 18° and 24° respectively.” The hull, it 
ae. is an oblong, flat-bottomed box, with upright 
sides, and fined off at each end. A section of one of 
the very largest of the monitors, the Dictator, was given 
in Excinzertne of May 4th, page 290, and to this we 
refer for the details of the turret gear, as well as for 
the general form of the floor and sides, although the 
Dictator’s floor and deck differ much from what is de- 
scribed of the Miantonomoh. The sea washes freely 
over the deck, upon which, in a gale, nothing could 
live for a moment ; byt the officers and crew are snugly 
and comfortably housed below and in the turrets. As 
to comfort—and sailors will know what we mean—we 
have the following from the excellent account in the 
Times : 

“There appears no reason to suppose that she is 
“not a fairly comfortable ship for sailors, notwith- 
standing her submersion. No less than six donkey 
“engines are kept at work while at sea, which, by 
* means of blowers, draw air from the great ventilat- 
“ ing shaft and distribute it through all parts of the 
ship. In harbour two of these were so engaged, and 
“kept the atmosphere tolerably cool, though there 
“‘ was at the time a crowd of visitors on board which 
*‘ was so dense as to test their utility severely. The 
“ reports of the discomfort caused to the men on board 
“the monitors while in action from the vibration of 
“the metal when struck by shot appear to have been 
“a good deal exaggerated. Those of the sailors who 
“had experience of the contests with the forts of 
“ Charleston complained of nothing but the loud noise ; 
“* but they say that if by chance a man’s head happened 
“to be against the metal at the time it was struck, a 
“stunning concussion, if not death, was the result. 
“The turrets had not been pierced. A 200-pounder 
“ round shot striking one of them used leaves a dint in 
* shape pretty much like the concave of a saucer.” 

The monitors, therefore, are not only seaworthy but 
comfortable. They are such ships as a crew can live 
in without want of light, air, or shelter, in at least a 
summer voyage across the Atlantic or around Cape 
Horn. And yet in Mr. Fairbairn’s work on iron 
shipbuilding, published only a few months ago, and to 
which we refer for very clear plates of the double- 
turreted monitor, Chickasaw, and the single-turret, 
light-draught, twin-screw monitor Nauset, we find this 
conclusion: ‘ As regards armour-plated seagoing ves- 
** sels, the Americans have not made much progress. 
“ During the war they were not requisite, as the Con- 
* federates had nothmg to compete with them; and 
“hence followed a description of monitors which can 
“ only be admired as floating batteries or well-shaped 
* rafts, calculated for the destruction of forts and a 
* similar description of craft in smooth water.” This 
was no more than the general belief, a few months ago. 

The monitors differ much from Captain Coles’s ships. 
We can hardly say that they have any freeboard at all, 
in the sense in which we understand the term. Their 
decks are a few inches out of water, but this is only 
to insure flotation. Everything—motion, steering, and 
ventilation—depends upon the engines and boilers. 
The great and striking y + wit will be seen by ecom- 
paring the section of the Dictator, page 290, with that 
of the Naughty Child, in our present number. The 
monitor turrets revolve only upon a central spindle, 
and when not in action they rest at their lower edge 





* The American-Indian names are strange to English ears. 
This name is pronounced Mi-an-to-no-moh, and Ashuelot, Ash- 


yu-lot. 





upon a flat iron surface upon the deck, the joint bein 
watertight. They could hardly fight their guns wit 
any considerable sea on, for in keying up the turret 
spindle at the bottom, the lower edge of the turret 
would be taken off the deck, and the water would be 
free to come in at the opening. There are obvious 
means, however, of preventing the entrance of water, 
even when the turret is keyed up ready for working. 
- 8 Coles’s ship, ot —— — 3 in. or 4 in. 
clear of a great opening through the deck, and this is 
covered pa rw tie of one leather, which would 
srobably be soon torn away in action, although so too, 
it might be made good after the action was over. But 
in ships of this class, so that flotation is once secured, 
it is an object to keep as low down in the water as pos- 
sible, and the entrance of a very few tons of water 
might lose the ship. 

The following dimensions, &c., of the Miantonomoh 
are added: length, 268 ft.; breadth, 59ft.; burden, 
1500 tons; draught, with 400 tons of coal, 15 ft. 
10in., the height of the deck out of water being about 
3ft. The hull is of wood. The deck is flat, having, 
first, 6in. of timber over the deck beams, above this 
3 in. of iron, and over all 3in. planking. The hatch- 
ways, always battened down when the ship is out of 
harbour, have combings 2 ft. high, and weather-boards 
of 1ft. The framing in the bottom and bilges is of 
timber 3 ft. thick, increased to 7 ft. from a point 3 ft. 
or 4 ft. below the water-line, up to the deck, outside 
of which increased thickness of timber is 7 in. of 
laminated armour. At the water-line, therefore, the 
width is about 9 ft. greater than below. The bottom 
is coppered, and a thick strake of timber separates the 
copper sheathing from the iron armour. This, we 
learn, has not wholly prevented galvanic action. The 
two turrets, each mounting two 15 in. guns, there being 
four guns in all, are about 8 ft. high, 23 ft. in diameter 
inside, and are covered with 11 in. laminated armour. 
Their construction, and that of the pilot houses above 
them, is nearly the same as shown in our section of the 
Dictator. The 15in. guns weigh 42,000 lb., or 183 
tons each, without their carriages, although the Zimes’s 
account incorrectly states that this weight includes the 
carriage. They are each 10 ft. 10 in. long in the bore, 
and 48 in. at their largest diameter. They are of the 


following section, carefully reduced from a larger 
drawing. Their minimum charge is 35 lb. of powder, 


i} 





and it is stated that they will bear 601b. The solid 
shot would be of 480 Ib. ; but they are cored to 400 Ib., 
and the shell weighs 360 lb., and carries a 16 lb. burst- 
ing charge. The carriages, compressers, port stoppers, 
are as described for the Dictator. 

The ship has twin screws, with a pair of engines to 
each screw, the latter of gun metal, being four-bladed, 
12 ft. in diameter and 18 ft. pitch. At full power the 
speed is nine knots, and the consumption of coal about 
40 tons per day. The average speed across the 
Atlantic was seven knots, The Miantonomoh will be 
at Portsmouth during next week. 








Tae New Hovse of tue Institutionx.—The 
adjourned Special General Meeting of the Members and 
Associates of the Institution of Civil Engineers will be 
held on Tuesday next, at 8 p.m., for the purpose of 
taking into consideration the circular letter, dated 
23rd of March, 1866 (which has been already sent to 
all the members), relative to a proposed new building 
for the Institution, and of coming to such resolutions 
as may be necessary to give effect to the suggestions 
contained therein. We trust that—so much and such 
influential support having been given to the movement 
in favour of a new building—complete unanimity will 
prevail. Any opposition which will defeat the move- 
ment will cause the loss of probably 40,000/. to the 
Institution, which the members have either promised 
or are ready to give. We are certain that the 
Institution will never want for means to complete the 
intended work. There are numbers of members who 
would under no circumstances allow it to be in 
want of funds. There are gentlemen living (and long 
may they live !) who intend, if there be any room for the 
employment of the money, to make liberal bequests in 
favour of the Institution in their wills ; and it represents 
a profession constantly growing in numbers, influence, 
and wealth. Let the members look at the College of 
Physicians, the College of Surgeons, and at the fine 
hall of the Incorporated Law Society, and then say if 
the present house is worthy of the profession. 
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THE LATE M. PARENT. 


Tue death is announced of M. Basile Joseph Parent, 
the head of the great house of Parent, Schaken, and 
Co., whose fame as contractors for public works is 
only limited by the boundaries of Europe. M. Parent, 
who has died somewhat early in life, although his death 
had been anticipated for some weeks past, was born 
December 6, 1807, in Belgium—to be more precise, at 
Couillet, near Charleroi. He found himself early in 
life an orphan, and without any fortune. It would 
seem as if Providence wished to deprive him at the 
outset of all external resources in order to show ina 
more strikiag manner what can be accomplished by 
intelligence, coupled with energy and perseverance. 
At eighteen years of age, M. Parent, daunted by no diffi- 
culties, and dismayed by no disadvantages, had already 
accumulated a small property in modest and laborious 
affairs. He felt, then, that his first education had been 
defective, and, eager to acquire further knowledge, he 
himself selected a school, where he remained until 
1830. The revolution which then broke out in the 
srovinces subject to the Low Countries attracted to its 
enetn a large mass of Belgian youth. M. Parent 
followed the general current, and took part in the siege 
of Antwerp. He soon quitted, however, the military 
profession for the peaceful pursuits of civil life. He 
entered, in fact, upon that great business career which 
he traversed for thirty years with a success attended 
with only one drawback, viz., that it was purchased at 
the cost of most severe exertion. The name of M. 
Parent, associated with that of M. Schaken, is bound 
up with the first railway enterprises undertaken on the 
Continent by industrious Belgium. 

The general tranquillity of Europe and a prolonged 
development of profitable industry were eminently 
favourable to the conception and execution of great 
affairs; and in 1842, foreseeing the impetus which 
would probably be given to public works in France— 
a country which had remained in this regard somewhat 
behind other European nations—M. Parent proceeded 
to Paris. The construction of the Northern of France 
Railway was decided on about this time, and M. Parent 
obtained the contract for several important sections. 
From 1843 to 1849 he and his associates took part in suc- 
cessive phases of the development of railways in France, 
executing several sections of the line from Paris to 
Lyons, the branch from Creil to St. Quenten, that from 
Metz to the Prussian frontier, and, finally, the greater 
part of the works on the line from Paris to Strasburg. 
The boldness and penetration which characterised M. 
Parent’s method of treating great affairs led him to 
associate himself with a society which tendered at the 
close of 1851 for the concession of a line from Lyons 
to Avignon, the construction of which may be regarded 
as the first step of the immense works developed under 
the second empire. The entire construction of a line 
from Paris to Mulhouse, and from Donjeux to Gray, 
was also the work of the house of Parent, Schaken, 
and Co. 

But the firm did not confine its operations to France, 
ample as was the field presented by the empire of the 
third Napoleon. The important position which the 
house had acquired in France, the confidence which it 
had inspired, the large capital which it had at its dis- 
posal, and the powerful and effective | gpa supplied by 
its workshops at Oullins—transported subsequently to 
Fives-les-Lille—enabled it to extend its resources and 
its activity to other lands. Thus it charged itself with 
the works of the still but partially developed network 
of the South Italian Railway Company and the Cala- 
bro-Sicilian lines, while in Spain it undertook lines 
from Malaga to Cordova, &c. It would be curious in- 
deed to inquire, from a statistical point of view, how 
many cubic yards of earth, how many blocks of rock, 
how many miles of tunnel have been removed, trans- 
sported, pierced by this company. How many towns, 
villages, and deserted valleys, have been enriched by 
the lines so rapidly constructed by MM. Parent, 
Schaken, and Co! How many thousand workmen 
have found unhoped-for wages in solitudes which M. 
Parent peopled through his unceasing labours, labours 
which are tenmutves his monument ! 

The energy and perseverance of M. Parent were not 
confined merely to the development of business; it 
may be said that he applied them also to the cultivation 
of the graces and the virtues which now and then adorn 
our poor humanity. Thus all the members of M. 
Parent’s family, even the most remote, were successively 
educated and doté by him, and it may be said that 
their comfort increased. with the expansion of his own 
fortune. Attractive in his appearance and manners, 
M. Parent had few enemies oa many devoted friends, 
notwithstanding the commanding neial and in- 





dustrial position which he had acquired. In the midst; 
however, of great moral and material prosperity a 
terrible blow struck M. Parent ; his wife died Feb. 7, 
1866. This event, which deprived him of the 
companion of his labours and his happiness, developed 
with sad rapidity the concealed germs of heart disease, 
to which cadena of his relatives had already succumbed, 
Strange ee and medical symptoms, as to the 
nature of which his perspicacity did not allow him to 
deceive himself, spoke to him continually of an ap- 
proaching catastrophe. It was on the st of this 
month that M. Parent, returning from a carriage drive, 
felt himself attacked with increased illness and de- 
pression. He went to bed, and, not deceiving himself 
as to his situation, he sent for the Abbé Guérard, a 
friend of his family, and for his medical advisers. 
Each of those summoned to the aid of the dying 
capitalist contractor did his duty, but religion alone 
could soothe his dying moments; science could 
only indicate a mortal lesion, which by the rupture of 
the aorta must result in death. M. Parent expired 
surrounded by his sons, his daughters, his sons-in-law, 
his old associates, and some of the ey 1 employés 
of his house. By a strange coincidence, he breathed 
his last at the same hour of the day at which his wife 
had died; the same sister of charity watched by him; 
the same doctors were at his bedside. 


M. Parent passed tranquilly away. The fortune 
which he leaves behind him is said to be very large, 
but as his house was probably paid in part for some of 
its more recent undertakings in Spain and Italy by 
shares and obligations which have experienced, during 
the last two or three years, a most severe and increas- 
ing depreciation, it may be doubted whether his pro- 
perty was altogether so large or so solid as it was 
generally supposed to be. But, be this as it may, the 
name of M. Parent will not soon be forgotten in con- 
nexion with the development of European railways. 
The ranks of the great railway pioneers and contractors 
of Europe are being thiemed more and more. Sir 
Morton Peto and Don José de Salamanca still remain ; 
but hushed for ever is the voice, and stopped for ever 
is the pulse, of Basile Joseph Parent. 








RAILWAYS IN NEW SOUTH WALES. 


As long agoas January 1846, a public meeting was 
held at Sydney, New South Wales, to consider, ac- 
cording to the official report, whether railways in that 
colony were expedient and practicable. By January 
1848 a survey had been completed from Sydney, 134 
miles south, to Goulburn, sacra no doubt of the 
practicability, at least, of a railway. The matter then 
went through the various stages of colonial legislation, 
and it was another year before a company was formed 
and an engineer appointed, this gentleman being Mr. 


Sheilds, the city surveyor of Sydney, although the and b 


surveys had been made by Mr. Woore. ‘The working 
surveys to Liverpool, 22 miles distant, were not com- 

leted until December 1849, and ground was not 

roken till July 1850. Before the end of the year the 
Sydney Railway Company became embarrassed, the 
directors resigned, a new board was elected, the 
salaries were diminished, the engineer threw up his 
appointment, and Mr. Mais was appointed in his stead. 
By May Ist, 1851, a short piece of line was let to 
contract, the first payment to the contractor being 1187. 
odd—a small beginning, certainly. ‘Then came the 
discovery of gold in the Bathurst district; prices went 
up, and all railway works came to a standstill. Mr. 
Mais resigned, and in July 1852 Mr. Wallace arrived 
from England and took command as engineer in chief. 
Subsequently the Government made a loan of 150,000/. 
to the railway company, and then came a mixed board 
of directors, one half nominated by Government. 

In 1853 a movement in favour of a railway from 
Newcastle to Maitland was set on foot, and the under- 
taking which followed was afterwards aided by Govern- 
ment and carried out under Government management. 
In the meantime the line from Sydney to Paramatta, 
13 miles, was finally opened in September, 1855, nearly 
ten years after it had been projected, and more than 
five years after the first sod had been turned. 

Without going fully into the history of the New 
South Wales lines, including the introduction of En- 
glish labour worked by English contractors, we may 
just add that Mr. Whitton received his appointment 
as engineer in chief in January, 1857, Mr. Wallace 
having resigned nearly a year previously. 

The New South Wales system of railways comprises 
the Great Southern line, which is ultimately to be ex- 
tended to the Murray river and connected with the 
Victorian railways; the Great Western line, from the 
Great Southern line at Paramatta, 13 miles from 





‘Sydney, and whichis to be extended-over the Blue 
ountains to Bathurst on the river Lachlan, one of the 
peers tributaries of the Murray; and, lastly, the 
reat Northern, from Newcastle, 60 miles north of 
Sydney, to Singleton, and which is ultimately to be 
extended up the river Hunter to Armidale, 121 miles 
from Newcastle. Up to the end of 1864 only 143 
miles in all had been opened, the Bay portion 
being single lines, although occasionally the works 
were for a double line. The average cost of these lines 
had been 18,404/. per mile, including rolling stock. 

Upon the extensions from Picton to Goulburn on 
the Southern line, and from Penrith towards Bathurst 
on the Western line, the country is very difficult, and 
Mr. Whitton has been compelled to adopt very steep 
pedaen and short curves. Ata point 91 miles from 

ydney, and 43 from Goulburn, the railway attains a 
height of 2357 ft. above high-water spring tide at 
Sydney, and gradients of 1 in 30 to 1 in 50 are employed 
in reaching it. Mr. Faviell’s contract for the last 
26 miles into Goulburn is to be completed in December 
1867. The works between Picton and Goulburn, 
although considerable, would not be considered very 
heavy on English lines, the only two tunnels being 
198 yards and 572 yards long respectively, while the 
bridging, which is largely of timber, is, for the whole 
81 miles, about a mile and a half in length, there being 
half a mile of iron bridge superstructure upon Mr. 
Faviell’s contract. 

Penrith, on the Western line, is 34 miles from 
Sydney; and it is from Penrith, over the Blue Mountains, 
towards Bathurst, which is 111 miles further, that the 
most difficult country is met. The viaduct over the 
Nepean, at Penrith, was illustrated and described in 
EnGInEERING of Feb. 2, page 76. It has three spans 
of box girders, of 186 ft. clear span. The contracts ex- 
tend but 54 miles from Penrith, upon which there are 
about 1,700,000 cubic yards of excavation, of which 
815,000 are rock. There is one tunnel 539 yards long, 
and another 216 yards. Ata point, however, about 70 
miles from Sydney, or 35 miles from Penrith, the line 
attains an elevation of 3656 ft. above high water of 
spring tides. The gradients by which this elevation is 
attained are as steep at one place as 1 in 30, one sec- 
tion of 15 miles rising 1090 ft., while the curves are as 
sharp as 8 chains. It is by following the irregularities 
of the ground, rather than by heavy works, that the 
estimated cost of the whole line to Bathurst is but 
10,0007. per mile. At two points, zigzags and re- 
versing stations are employed to gain height. The 
remaining distance to Bathurst, although broken 
country, 1s not so difficult. 

On the Great Northern line the maximum gradient 
is 1 in 33, but the works are very light, the first 8 
miles from Singleton having cost but 3388/. per mile 
for contractors’ works, exclusive of permanent way 


At the end of 1864 there were but 26 locomotive 
engines in the colony, Their mileage for that year 
had been 507,374 miles. The cost of working was as 
follows, per train mile :— 





Great Great Great 
Northern. Southern. Western. 
Wwe: ccc. sce: 400 090 2.538d. 4.43d. 
Engine repairing ... ... 5.14 6.60 
Other locomotive charges... 8.37 11.70 
Carriage and wagon repairs 8.45 6.82 
Maintenance of way... ... 15.15 22.12 25.40 
Trafficand general charges 16.68 19.28 21.94 
Total 51.82 70.95 








BREECH-LOADERS FOR THE ARMY.—The conversion of En- 
field rifles to Snider breech-loaders has now commenced at 
Enfield. The present order is for 20,000 rifles—an order which 
will probably be followed by another for a like number. The 
manufacture of a first instalment of 5,000,000 cartridges at the 
Royal Laboratory will be undertaken in the course of a few 
weeks, and only awaits the settlement of a point of detail. 
Meanwhile, the experiments of the select. committee have been 
continued with a view to bring out minor defects, or to suggest 
minor improvements; and these experiments have fully con- 
firmed the very favourable opinion already formed respecting 
this arm and ammunition. We estimated in a previous article 
the accuracy of shooting of the Snider rifle at from 20 to 25 per 
cent. above that of the Enfield. It would now seem to be as 
high, taking an average of all ranges up to 1000 yards, as 30 
per cent. ‘The relative rapidity of fire of the two arms is, in 
round numbers, about as five to one; and in freedom from foul- 
ing, in non-liability to deterioration by bad weather, and in 
facility of manipulation, the Snider rifle has proved itself re- 
markably superior to the unconverted arm. ‘The ammunition, 
too, has exhibited extraordi powers of resistance to damp. 
It seems to be capable of standing almost any amount of rough 
u and to enjoy a perfect immunity from missfires.—P, 

Gazette. 

Satoon SteAMERS.—The Albert Victor, a new London and 
Margate saloon steamer, built on the Clyde, is 235 ft. long, 24 ft. 
wan, ae) has oscillating engines of 200 horse power. ‘The hull 
was built by Messrs. Aitken and Mansel, of Whiteinch, the 
engines by Messrs. J, Aitken and Co., of Cranstonhill, Glasgow. 
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In planing-machines of the ordinary kind the work to be planed 
is traversed under a fixed tool, and the length of the space required 
for the accommodation of such machines is at least equal to twice 
the length of the cut taken. In cases where large masses have to 
be operated upon also, the weight of the work to be moved ren- 
ders it necessary that the driving-gear should be made very 
much heavier than would be required if the tool was moveable 
and the work fixed; and this, together with the saving of space 
effected by it, has sometimes Jed to the latter arrangement being 
—_ The planing-machine patented in this country by Mr. 
William Sellers, of Philadelphia, and of which we now give 
illustrations, has been designed on the principle just mentioned, 
the work to be planed being carried upon a fixed bed, and the 
cutting tool, which is adjustable in any direction, being traversed 
over it. 

The bed of the machine is of a length equal to that of the 
cut to be taken, added to the length of the bases of the heads 
carrying the cutting-tool, and it is furnished with a rack on each 
side of it, as shown by Figs. 1, 2, and 8. Below each rack 
double y ways are formed in the side of the bed, and in these 
ways are placed slides to which the uprights of the moveable 
head are Bolted. The slides are made to fit the ways, a section of 
one of which is given in Fig.4, by means of tapered shoes or wedges 
on their upper side, these wedges being adjustable by means of 
end screws, as shown in the side elevations. Within each of the 
uprights of the moveable head is a vertical shaft, carrying at its 
lower end a pinion, gearing into the corresponding rack on the 
side of the bed. At their upper ends these vertical shafts are 
each furnished with a worm-wheel; each wheel, and the worm 
gearing into it, being enclosed in a casing which retains the oil 
used for lubrication. The worms driving the two wheels are 
ove of them right and the other left handed, and they are con- 
nected by a hollow shaft, the thrust of each worm being received 
independently by a suitable step plate bearing against a spherical 
socket, ‘The whole arrangement is shown by the plan, Fig. 3. 

The spindle of one of the worms projects beyond its case and 
carries at its end a spur wheel, this wheel being connected with 
the spindle by means of a friction clutch, of which the use will be 
explained presently. Gearing into the spur wheel just men- 
tioned are two pinions of equal size, the one running loose upon 
a stud fixed to the upright and the other fixed to a short shaft 
carried in bearings upon the top of the head, The first of these 
pinions has fixed to it a narrow belt pulley, and outside this 
there runs loose, upon the same stud as the pinion, a broader 
pulley. The shaft upon which the other pinion is fixed is also 

rovided with fast and loose belt pulleys, the narrow fast pulley 
ing opposed to the broad loose pulley of the other pinion, and 
vice versd, so that by shifting the belt tranversely, it can be 
made to run upon either of the fixed pulleys. The pulleys be- 
longing to the pinion running upon the stud are double the dia- 
meter of those connected with the other pinion. The arrange- 
ment of the belt upon these pulleys is shown by Fig. 1, the end 
pulleys, either of which may be the driver, being placed suffi- 
enatly far apart to allow of the moveable head performing the 
whole of its traverse between them. The belt is continually 
running in one direction, and, as will be seen from the illustra- 
tions, it will drive the worms, and consequently the moveable 
head, either in the one or the other direction according to which 
of the fixed pulleys it is allowed to run upon. As will be seen 
from pa? my Fig. 3, the loose pulleys are twice as wide as the 
fixed pulleys, and as the belt used is slightly narrower than the 
latter, it can, by shifting it half over, be made to run upon both 
loose pulleys, and thus be prevented from driving the machine. 

The shifting of the belt from the one fast pulley to the other 














i 








at each end of the tra- 
verse of the moveable 
head is effected by an 
arrangement which we 
shall be able to explain 
by the aid of Figs. 2 
and 8. By the side of 
one of the uprights is 
a hollow screw, carried 
by a nut fixed to the 
upright, and driven by 
a pair of spur wheels, 
one of which slides 
upon the screw, whilst 
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the other is fixed upon 
the vertical shaft, 
which gives motion to 
the upright. If these 
wheels are of equal 





size, the number of 
threads on the hollow 
screw must be greater 
than the number of 
revolutions made by 
the vertical shaft dur- 
ing the traverse of the 
moveable head from 
the one extremity of 
its traverse tothe other. 








At each end of the 
hollow screw is a 
clutch, whilst down its 
centre there passes an- 
other screw cut to the 
same pitch as the 





hollow one first men- 
tioned. This central 


screw is furnished at noon 





its upper end with a 
nut fixed to the up- 
right, whilst at its 
lower end it is carried 





by bearings, between 
which is held a lever 
which slides upon a 
feather on the screw- 
spindle. This screw 













































































also has on it a couple 
of loose nuts, one above 














and one below the 
hollow screw through 
which it passes. These 
nuts can be fixed in any required position on the screw, and the 
lower end of the upper and upper end of the lower nut are each 
made with clutch projections to match those at the ends of the 
hollow screw. The lever which we have mentioned as sliding on 
a feather at the lower end of the inner screw is connected by a 
link with another lever at the foot of a vertical shaft shown in 
Fig. 2, the upper end of this shaft being connected by a lever 
and link with the belt-shifting arrangement shown in the plan 
Fig. 3. Theaction of this gear will be readily understood. As 
the moveable head traverses from the one end of the bed to the 
other, the vertical shaft of one of the rack pinions communicates 


hollow screw. This screw is thus traversed, either upwards or 
downwards, as the case may be, until the clutch at one of its 
ends comes in gear with the corresponding clutch on one of the 
adjustable nuts on the central screw, when it communicates its 
motion to the latter, and thus actuates the belt-shifting 
machinery. The length of traverse of the moveable head can, 
of course, be readily adjusted by varying the distance between 
the nuts on the central screw. 

The cutting tool is carried by a slide-rest working on a cross- 
beam, which can be raised or lowered upon the uprights by 
means of a screw on each side. The screws just mentioned 


its motion by means of the spur-wheels above mentioned to the | carry bevel wheels at their upper ends, these wheels gearing 
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into others fixed on a cross shaft, which extends across the top 
of the machine as shown in the plan. Upon this cross shaft is 
also placed a spur wheel, which slides upon a feather, and can 
thus be thrown in or out of gear with another spur wheel placed 
upon a parallel shaft. This last spur wheel receives its motion 
from a pinion fixed upon the shaft of one of the belt pulleys, as 
shown in Fig. 8. It will be remembered that the end of the 
worm spindle belonging to the main driving is furnished 
with a spur wheel connected to it by a friction clutch; by 
loosening this clutch and throwing the spur wheels, which we 
have just mentioned, into gear with each other, the belt which 
drives the machine can be made available for raising or lowering 
the crosshead as required. The spur wheel, which receives its 
motion from the pinion on the belt pulley-shaft, is provided with 
internal teeth, and also with a pawl plate constructed accordin 
to a previous patent of Mr. Sellers. This pawl plate is fix 
upon the cross shaft on which the wheel is placed, this shaft 
being stationary except at the moment of reversal of the stroke 
of the machine at either end, when it makes a half-revolution 
in one direction at one end of the stroke, and turns back half a 
revolution at the other end. At the ends of this cross shaft are 
fixed bevel wheels which gear into other wheels placed at the 
tops of two vertical shafts, which pass one down the outside of 
each upright. One of these shafts, that shown in Fig. 2, turns, 
ema a set of mitre wheels, a crank plate attached to the 
crosshead, this crank-plate having an adjustable crank which 
works a segment, and thus gives motion to the feed-screw and 
feed-shaft of the crosshead in the usualway. This segment, in 
making its half-turn, also pulls a cord which works the tool- 
lifling machinery. The vertical shafts also give the feed motion 
to the vertical slide-rests of the ——, these rests consisting of 
compound rests sliding upon the faces of the uprights, and fur- 
nished with rotating nuts working on the screws by which the 
crosshead is raised and lowered. The nuts receive their motion 
through cog and ratchet wheels, the pawls of the latter being 
actuated by rods connected with adjustable cranks in the crank- 
plates, which receive their motion from the vertical shafts. 
These slide-rests, moving vertically upon the faces of the up- 
rights, can be used independently of the main slide-rest, and the 
tools fixed to them can thus be used to dress up the sides of the 
work at the same time that the crosshead tool is engaged in 
planing the top of the object fixed on the bed. 

The arrangement of machine which we have above described 
effects a great saving of space, and appears to be capitally adapted 
for working with a long stroke. From the peculiar arrangement 
of the stops for effecting the reversal of the traverse, they can, 
in large machines, be at any time altered or adjusted by the 
workman, who rides backwards and forwards on a platform 
attached to the uprights; and the arrangement of belt gear and 
fast and loose pulleys, which gives motion to the machine, 
appears also to be a very efficient one. 








Tue Saxon Rattways.—The German war has al- 
ready been attended by the destruction of several rail- 
way bridges about Dresden and Leipsic, and we may 
yet learn of the destruction of the Goltzsch and Elster 
viaducts on the Saxon-Bavarian line, from Leipsic south- 
ward to Lake Constance. The Goltzsch Viaduct is the 
largest—or, at any rate, the highest—work of the kind 
in Europe, and, we may say, in the whole world. It 
crosses an insignificant stream, near Altenburg, but 
at an elevation of 256 ft. above the bed of the stream 
to the level of the rails, while from the bottom of the 
foundations to the rails is 301 ft. 9in. The length of 
the viaduct, on the parapet, is 1800 ft., and the work 
carries a double line of rails. Except over the narrow 
stream, the full height of the viaduct is divided into 
four storeys of arches, the distance from centre to 
centre of piers being 58 ft. 6in. Over the stream the 
viaduct has two larger arches, one over the other, or 
in two storeys, the lower arch having a span of 93 ft. 
10 in., and the upper one a span of 101 ft. 3in. The 
foundations and the piers, up to the springing-of the 
lower arches, are in granite, and the upper work is in 
undressed stone and brick. There are about 500,000, 
cubic feet of granite or other dressed-stone masonry, 
and nearly 20,000,000 bricks. The two principal 

iers, next the lower central arch, measure, at their 
oundations, 75 ft. 3in. up and down stream, and 27 ft. 
104 in. on the length of the bridge. At the springing 
of the lower arch they are 56 ft. 8in. wide, across the 
bridge, and 25 ft. along its length. Each of these 
piers, however, has one only 24 ft. behind it, on either 
side of the stream, each pair of piers being connected 
together by four storeys of 24 ft. arches. The remain- 
ing piers are, of course, much lighter, but they are 
nevertheless 17 ft. 6 in. wide in the lower tier, and are 
also 56 ft. 8in. as measured up and down the stream. 
Above the lower great arch, or including the third and 
fourth storeys of side arches, the piers measure 41 ft. 
at the base, 37 ft. at the top, taken across the width of 
the bridge, and the least thicknesss of the piers, at the 
top, on the face of the bridge, is 10 ft. This vast work 
was begun in 1846, and completed in 1851, at a cost 
of 330,0007. The engineer in chief was R. Wilké, and 
the resident engineer F. Dost. There are these in- 
scriptions on opposite marble slabs on the inner faces 
of the parapets, near the middle of the bridge : “ Deo 
juvante, auspiciis Frederici Augusti regis patris patrise 
fundatus die xxxi. maii A. mdccexlvi, inauguratus die 
xv. juli, A. mdeccli;” and: “Frugiferos ecleret 
motus immobilis ipse.” Alas for the dangers of 
Prussian, Austrian, or Saxon powder ! 


RECENT PATENTS. 


Awone the specifications published this week are 
the following :— 

Samuel Hingley, of Dudley, No. 1858, a.p. 1865, 
patents a mode of forming skelps for metal tubes. He 
sets up, just at the back of the rolls which form the 
flat strip, a metal box in halves, so shaped internally 
as to force the flat strip into a skelp, with an open 
joint ready for welding. This arrangement, if the 
rolls will deliver as freely as before, will form the skelps 
without the use of the crocodile or bell, as otherwise 
practised. It will be understood that the flat rolls, as 
they deliver, must push the hot strip through this box. 

} G. Rowe, of Queen-square, Westminster, No. 
1880, a.p. 1865, patents some very ingenious improve- 
ments in railway signals. The distant signal is con- 
trived to place a fog signal on the line whenever the 
former is put on, the fog signal being taken off when 
the danger signal is returned to “line clear.” An 
arrangement of great ingenuity is also described for 
giving an alarm, 1000 yards off, when signal lamps go 
out. A bell-wire runs from the signal to the station, 
or wherever the alarm is required. This wire is 
weighted at the lamp-post, or distant end, but the 
weight is supported by wheel-work, which is locked 
when the lamp is a-going, and.runs down and pulls the 
bell only when the lamp goes out. This is done as 
follows, and the idea is exceedingly ingenious, and, for 
all the delicacy of the arrangement, may possibly be 
carried out in practice. A pyrometer 1s place in or 
near the flame of the lamp, and when thus heated and 
expanded this pyrometer locks the wheel-work ; but 
when the lamp goes out, and the pyrometer cools, and 
thus contracts, it sets the wheel-work off, the weight at 
the end of the bell wire falls, and the bell is rung at 
the station. By further automatic means a fog signal 
is placed upon the line at the same time. Further 
means are employed to maintain the tautness of the 
wire ropes. If we learn of this invention coming into 
use, we shall illustrate it. We know nothing 
inventor, but we can say of his invention that it is one 
of much elegance and eng 

David Caddick, of Ebbw Vale, No. 1882, ae a 
puddling furnace in which increased durability and a 
diminished radiation of heat are professedly secured 
by making the jamb blocks hollow and admitting water 
to them. The chimney is to be circular, with four 
radial buttresses, and a tramway is to be laid under each 

air of furnaces, so as to receive the ashes and slag which 
all from them. Should we learn that this furnace is in 
successful use, we shall probably illustrate it. 

George Nimmo, of Jersey City, U.S. (No. 1884), 
patents the lining of plumbago crucibles with clay or 
glass, or clay mixed with silicious matter, so as to 
prevent the carbon of the plumbago from acting upon 
the charge in steel-melting. A mode for gradually 
heating the crucibles in burning is also included. But 
neither clay nor glaze will adhere to go the 
glaze especially melts at once. This has been often 
tried by the Plumbago Crucible Company. 

Captain R. C. Bristol, of Chicago, U.S., whose 
rolling slide valve (if we a so describe it) we latel 
illustrated, patents (No. mo the link or frame whic 
connects the ends of the rollers together, and which 
we had supposed were used, as they ought to have 
been, from the first. They answer the same purpose 
which the roller frame serves in the case of expansion 
rollers for girder bridges. 

M. L. Parry (No. 1897) patents the old- contrivance 
of a discharge pipe descending 34ft. below the 
condenser of a steam engine, so as to let off the 
injection water without an vt Soe It is only now 
and then that 34 ft. clear fall can be had from a 
condenser to a watercourse, and even then what is to 
become of the air constantly accumulating in the 
condenser? And if the condenser were placed 34 ft. 
above the engine, all the injection water would require 
to be pumped up. Mr. Parry’s patent is worthless. 

St. John V. -* No. 1899, acting for a foreign 
correspondent, patents a mode of propulsion, of which 
our marine-engineering readers may form their own 
opinion. Instead of one paddle-wheel only on each 
side, an additional wheel is to be employed behind it, 
and driven or not by engine power, and a sort of belt 
or strap is to connect the two wheels together. This 
strap is to have a series of floats or paddles upon its 
outer surface. It is claimed as an advantage that 
nearly all the paddles in the water are vertical. Sup- 
pose they are; what of it? for but one of the vertical 
paddles would be effective. Wedo not, however, wish 
to anticipate the opinions of others. 

Courtland H. Simpson, Com. ene ewe (No. 


of the plan 


sists of a partially submerged drum, open at the lower 
part for about one-fourth of its circumference, and con- 
taining a number of radial arms or floats which revolve 
within it. By means of rollers working in cam grooves, 
these floats are made to project below the drum, and 
thus dig into the water in the same manner as the 
paddles of Bray’s wheels dig into the soft ground over 
which the wheels are passing. We fail to see the ad- 
ae which this propeller may possess over ordinary 
es. 


Thomas Swinbourne, No. 1892, has taken out a 
patent for a new method of communicating motion to 
shafts by hand. He fits the shaft with clutches, for 
driving the fly-wheel placed upon it, the clutches being 
furnished with an arrangement for throwing them in 
and out of gear. The idea is to apply power to the 
shaft, and to drive the fly-wheel by a series of kicks, 
administered by throwing the clutch suddenly into gear 
and out again. Very pleasant for the fly-wheel, we 
should imagine, to say nothing of the other parts of the 
arrangement ! 

J. M. Croft, No. 1919, patents the addition of curved 
wings or plates on the sides of ships’ rudders, the 
wings or plates starting from the e of the rudder 
next the pintle, and curving outwards on each side as 
they extend towards the after edge of the rudder blade. 
It is claimed that these wings give the rudder. more 
control of the ship in steering, but they can do so onl 
with the exertion of additional power at the wheel. 
When the ship is upon a straight course, they will, of 
necessity, cause additional resistance to the ship’s 
motion. 

John Rigg, No. 1924, assistant locomotive super- 
intendent at the London and North-Western Railway 
Works at Crewe, has patented a new style of railway 
carriages. He forms a corridor along one side of the 
carriage, and continues this by means of suitable con- 
nexions between the carriages, for the whole length of 
the train. The object is to enable the guard to walk 
along the whole length of the train, under cover. The 
sacrifices one-fourth of the passenger capacity of 
the train; it shuts out the view and ventilation on one 
side ; it would enable any impertinent person to ob- 
trude himself where he was not wanted ; and it would, 
in a full train, throw the weight of the passengers un- 
equally upon the rails, although the corridor and its 


passengers which now occupy the same room. 

M. J. Roberts, No. 1997, atents a mode of in- 
creasing the bite of round cords or bands upon small 
pulleys or wharves employed in machinery. He places 
a couple of elastic rings around the pulley or wharf 
(we say “ wharf” because the drawing shows the ap- 

lication of the rings to the wharves of spinning- 
mes), and the band is run upon them and binds or 
bites in the groove between them. 

John Juckes, jun., and John Swinburne patent the 
application of Juckes’s grate to locomotive engines 
(No. 1929). The poasing. driven by an eccentric 
from the driving-wheel. We think the rate of com- 
bustion in locomotive boilers is too rapid for the useful 
— of Juckes’s grates, and that as a preventive 
of smoke it would be of but little use. It serves very 
well for brewers’ coppers, for heating which it is in 
extensive use ; but for locomotives its weight might be 
a slight objection. As applied to the heating of cop- 
pers at Combe, Delafield and Co.’s brewery, one of 
these tes and its fittings weighs seven tons, and 
the coal consumed a hour is sane only one-fourth 
that burnt in an ordinary passenger engine. 

R. Mortimer, No. 1948, patents a ticket stamp of 
neat construction. It is a simple toggle-joint affair, 
and it appears to work well, as far as we can judge 
from the working of one of them made by Messrs. 
Tangye, Brothers, and Price, of Birmingham. 
. E. Newton, No. 1949, patents a new bolt-cutti 
machine, which we shall illustrate next week, the re 
a being the large firm of William Sellers and 
0., of Philadelphia, whose bolt-cutters of their patent 
of seven or eight years ago are made by Messrs. Sharp, 
Stewart, and Co., of Manchester. 
Here is a provisional specification, No. 1953, by 
Leon Paul Laroche, but for which provisional protec- 
tion, and therefore a patent, was refused. Surely the 
Attorney-General’s clerk, or the Solicitor-General’s 
clerk, must have waked up. We always thought 
every one was free to patent anything he liked, even 
were it Aldgate pump or Watt’s condenser. But here 
rovisional protection has actually been refused! 
aroche has an idea that fluids and do not move 
at once, when a force, “slap bang,” like that imparted 
by the ee of a pump, is applied to them. So he 
sticks the peuapetmane full of needles on its working 








1890) an ai ment of propeller greatly resembling 
one of the wheels of a Bray’s traction cngue. It con- 


face, and he proposes this pricking arrangement for 
various apparatus, whereby ‘guide and gases have to 





fittings would perhaps weigh as much or more than the 
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be moved. But, ona second reading of Laroche, it 
will be seen that it was not so much the mechanical ab- 
surdity of his invention (?), but the outrageous style of 
his English and the general bumptiousness of descrip- 
tion that lost him his patent. As for the subject mat- 
ter, the clerk of either law officer would have passed 
that over his luncheon, as is generally done. 

W. E. Newton, again, as the patent agent of Mr. 
Carhart, an American (No. 1956), patents a form of 
conical valves for steam engines. It may not be widely 
known that the Galway Company’s ship Adriatic, 
originally built in New York for the Collins Company, 
had conical yalves to her 100 in. cylinders. They were 
huge faucets, like those used for beer, treacle, and oil, 
but they were made to loosen on opening, and to 
tighten on closing. These valves had to be replaced, 
at great cost and delay, before the Adriatic crossed 
the Atlantic in the autumn of 1857. Here is. Carhart 
still at work at the same kind of valves, and those 
who are interested should look at his patent. We 
could not describe it further without drawings, and we 
do not think its importance sufficient for illustration. 








INDIAN TELEGRAPH DEPARTMENT. 


Tue competitive examination—if, indeed, the ex- 
amination of two candidates for twenty-five appoint- 
ments deserves to be styled competitive—for appoint- 
ments in the Telegraph Department in India, took 
place, as had been publicly advertised, on the 4th 
instant, the examiner being, as we stated probably 
would be the case, Professor Thomson, of the Glas- 
gow University. There is little more to add with 
reference to this examination, excepting that both the 
candidates passed, having each of them obtained more 
than the required minimum number of marks. 

We purposely refrained from making any comments 
on the nature and character of these appointments prior 
to the examination, but now that it was over, and general 
opinion relative to the value of the appointments has 
been, we think, pretty clearly expressed by the entry of 
only two candidates for the twenty-five appointments 
declared open for competition, we cannot resist declaring 
that we had, all along, anticipated that it would turn 
out a failure. In the first place, we were led to this 
conclusion from a knowledge of the opinion entertained 
of the serviee by men who have had personal expe- 
rience in it; and, secondly, because the small amount 
of salary promised to successful candidates does not 
yt to offer sufficient inducement to men of that 
class from amongst whom, perhaps with a few rare ex- 
ceptions, alone it could be expected that candidates 
could be obtained sufficiently qualified to pass such an 
examination. 

The first examination of this character took place at 
the India Office, in May, 1864, when sixteen candi- 
dates offered themselves to compete for twenty-five 
appointments. Twelve only out of that number proved 
Gamatives qualified, and obtained y qo Last 
year five candidates only competed for a similar number 
of appointments; and this year, as we have before 
stated, the number of candidates amounted to only two. 
After such a thrice-repeated failure to obtain the re- 
quired number of men, it must be clear that either the 
standard of qualification is too high in proportion to 
the services to, be performed, or the service itself is not 
sufficiently attractive to induce qualified persons to 
enter it. We believe that both these causes have acted 
against the success of the experiment to recruit the 
Indian Telegraph Department from this country in a 
manner simile 16 that in which the Public Works De- 
partment in India is annually supplied with civil 
engineers from England. It is not probable that a 
reduced standard of qualification will be adopted with 
the view to attract men of a different class into the 
service, and we shall, therefore, not be surprised to 
learn that the experiment has been given up, and that 
other totally different means will henceforward be 
adopted for the purpose of filling vacancies in the 
Indian Telegraph Department. 








Mercuant Suirrinc.—In the year 1865, 1417 vessels of 
470,016 tons were registered in the United Kingdom as new 
ships. This includes vessels bought of forsigners. 1082 of 
these vessels (of 288,272 tons) were sailing vessels, and 385 (of 
181,744 tons) were steam vessels, Classifying again, 116 of 
the sailing vessels (of 85,055 tons) and 346 of the steamers (of 
178,767 tons) were of iron. In the course of the year 571 
vessels, of 157,026 tons, belonging to the United Kingdom, were 
wrecked; and 69 vessels, of 18,402 tons, were broken —— the 
close of the year there stood registered in the United Kingdom 
28,787 of 5,760,309 tons, as follows: 

iling Vessels. Steam Vessels. 


Vessels, Tons. Vessels. Tons. 
Not above 50 tons 9836 ... 804,744... 978... 28,805 
Above 50 tons ... 16,288 .,. 4,682,082 ... 1745 .,. 800,228 


26,069 4,986,776 2718 828,583 





SMALL-WHEELED TANK ENGINES. 


ProsaB.y the smallest-wheeled locomotives which 
have been regularly used for working passenger trains 
on any of our principal lines of railway are the engines 
with four 4 ft. cou ved wheels, made for the Great 
Eastern Railway, by Mr. R. Sinclair, and for some 
time employed for working trains between London 
and Woolwich. The engines in question were origi- 
nally designed for shunting engines, to be used at some 


of the goods stations in lieu of horse power; they |i 


have, however, been eventually used for train service 
as above mentioned. They are six-wheeled engines, 
the leading wheels being 3ft. in diameter, and the 
driving and trailing wheels 4 ft. in diameter and coupled. 
The total wheel base is 9 ft. 6in., this length rang 
equally divided into two spaces of 4 ft. 9 in. eac 

between the centres of the leading and driving and 
driving and trailing wheels respectively. The centre of 
the driving axle is | ft. 3 in. in front of the firebox casing. 

The cylinders, which are outside, are 12 in. in dia- 
meter, with a stroke of 1 ft. 6in., and are 6 ft. apart 
transversely from centre to centre. The steam chests 
are passed through openings in the frames, and the 
cylinders are firmly bolted to the latter through flanges 
above and below them. The frames themselves are 
4 ft. apart, and are 1 in. thick, the depth at the point 
where the cylinders are attached bemg 2 ft. 10} in. 
Of this depth 13 in. are above and 5} in. below the 
openings through which the steam chests are passed, 
and to the parts below the openings is bolted a rectan- 
gular frame of 5} in. by 3} in. angle iron extending 
rom one frame to the other. The bottom of the 
smokebox is bolted to this angle-iron frame, which 
thus greatly stiffens the front end of the engine. All 
the hornplates are in one piece with the frame-plates, 
and are fitted with cast-iron rubbing pieces or axle- 
box guides. Between the leading and driving horn- 

lates the frame is 12}in. deep, and between the 
Seite and trailing hornplates it is 10 in. deep, the 
latter depth being also maintained from the trailing 
hornplates to the trailing buffer-plate. Both the lead- 
ing and trailing buffer-plates are 10}in. deep and 
1} in. thick, and are strengthened by 24 in. angle irons 
on their inner sides. The total length of the frames 
over buffer-plates is 18 ft. 11} in., the overhang at the 
leading end being 4 ft. 44 in., and at the trailing end 
5 ft. l}in. The depth of the frames at the tops of the 
driving and trailing hornplates is 1ft.1$in. and the 
lower parts of the hornplates are connected by stays 
24 in. by lin. 

The Sellen of these engines are of the following 
dimensions : The barrel {is 7 ft. bs long from the 
front of the firebox casing to the back of the smoke- 
box tube-plate, and its diameter is 3 ft. 1} in. in dia- 
meter over the largest plate. The plates of which it 
is composed are }in. thick; they are lap-jointed and 
single rivetted, the rivets being fin. in diameter, and 
set at 2,,in. pitch. On the top of the barrel is 

laced a dome 2 ft. 8 in. high, and 1 ft. 6 im. in 
onion inside, the base ring of the dome, which 
is 4in. high, being formed of a plate ? in. thick, 
flanged over to join the barrel of the boiler and 
the upper part of the dome. This upper part is 
made of a #in. plate, forged with solid crown and 


flange, and at the top of it is fixed a brass seat for nfl 


two safety-valves with which the boiler is fitted. On 
the bottom of the barrel of the boiler are rivetted two 
mud-collectors, each 4 in. deep and 12 in. in diameter 
inside ; these are each forged out of a ? in. plate flanged 
over, and are’provided with covers 3? in. thick, on which 
blow-off cocks are placed. The smokebox tube plate 
is 3 in. thick, and is united to the barrel by a ring of 3 in. 
angle iron; it is carried down between the frames 
to their full depth, and is securely bolted to them. 

The firebox casing is formed throughout of in. 
plates, the front plate being flanged back to join the 
side plates, and forward to join the barrel. The back 
plate is united to the side and top plates by a 3 in. 
angle iron. The top of the firebox casing is flush with 
the barrel, and the bottom is 3 ft. 9$in. below the 
centre line of the boiler, making the total height 5 ft. 
5}in. The length outside is 3 ft., and the width at the 
bottom 3 ft. 6in. The width just mentioned is main- 
tained for a height of 2ft. 52in. from the bottom, 
after which the sides of the casing fall inwards and 


join the semicircular crown, which is struck with a 


radius of 1 ft. 63 in. outside. On the top of the fire- 
box casing is placed a manhole ring, 1 ft. 6in. in 
diameter inside, and 4 in. high, fitted with a cover } in. 
thick. The manhole ring is, like the dome ring, formed 
of a flanged plate ? in. thick. 

The copper inside firebox is 4 ft. 23 in. high inside, 
and its length is 2ft. 4}in. inside at the bottom, and 
Q ft. $$in. at the top. It is 3 ft, 0} in. wide inside at 


the bottom, and its shape in transverse section follows 
that of the firebox casing, the water space between the 
two being at the bottom 2in. wide, and at the to 
24in. wide at the back and 1?in. at the front end. 
The tube plate is tin. thick, and the remaining plates 
are } in. thick. he crown of the firebox is stayed by 
six solid wrought-iron roof stays, each 44 in. deep by 
13 in. thick, these being strengthened by four sling 
stays attached to them and the manhole ring. The 
ay vad stays between the firebox and casing are in. 
in diameter, and placed at a pitch of 4in. The heating 
surface of the firebox, above the firebars, is about 41 
square feet. The barrel of the boiler contains 80 brass 
tubes, 1} in. in diameter outside ; they are 7 ft. 103 in. 
long between tubeplates, and are No. 12 wire gauge 
thick at the smokebox end, and No. 10 at the firebox 
end. These tubes give an internal heating surface of 
about 368 square feet, making with the firebox surface 
a total heating surface of 409 square feet. The 
area of the firegrate is 7} square feet. 

The back plate of the firebox easing and the smoke- 
box tube-plate are stayed together by nine longitudinal 
stays, 14m. in diameter where they are screwed into 
the plates, and 1 in. in diameter between the screws. 
There are also two other stays of the same dimensions 
extending along the bottom of the boiler from the fire- 
box to the smokebox tube-plate. The boiler is sup- 
pate by the smokebox tube-plate, by a pair of 

rackets placed one on each side of the barrel, and by 
other brackets fixed on the sides of the firebox casing. 
The ashpan is 9in. deep, and is furnished with a 
damper at each end; the sides are made of 55, in. and 
the bottom and doors of Zin. plate. The smokebox 
tube-plate is flanged forward to join the smokebox 
plates, which are }in. thick throughout, and are put 
together with rivets countersunk outside; the length 
of the smokebox is 2 ft. 1?in. The chimney is of the 
conical form generally used by Mr. Sinclair, the dia- 
meter at the top being greater than that at the bottom ; 
it is formed of +, in. plates. The centre line of the 
barrel of the boiler is 5 ft. 4in. above rail level. 

The regulator is fixed to the outside of the smoke- 
box tubeplate, and consists of a pair of brass valves, 
covering passages leading from a cylindrical cast-iron 
case. The regulator is connected with a copper pipe 
4in. in diameter, through which the regulator-rod 
passes ; this pipe is connected with another of the 
same size leading nearly to the top of the dome. The 
pipes leading from the regulator to the cylinders, as 
well as the exhaust pipes, are also of copper. The 
steam-ports of the cylinders are llin. by 1} in., and 
the exhaust ports 11 in. by 2in., the bars being 1 in. 
wide. The slide-valves are of gun metal, and have a 
+in. lap; they have an extreme travel of 3} in., and 
are set with +4 in. lead in full gear.- The link motion 
is of the shifting-link kind, the expansion link being of 
the box form, 10 in. long between the end centres, and 
connected with eccentric rods 3 ft. 6in. long. The 
lifting links, which are 12 in. long, are coupled to the 
centres of the expansion links. ‘The lifting arms are 
also 12in. long, and the centre of the weighbar is 
2 ft. 6 in. in front of the centre of the driving-axle, and 
12 in. above the centre line of motion. The y ae por- 
tions ofthe eccentrics are of cast iron, and the smaller of 
wrought iron, the eccentric straps being of brass. 
‘he pistons are also of brass, and are fitted with cast- 
iron packing rings. The piston-rods, valve-spindles, 
guide-bars, and tyres are of Krupp’s steel; the tyres 
being secured to the wheels by Beattie’s patent fas- 
tener. 

The axles of all the wheels are 6in. in diameter 
throughout, except at the ends of the bearings, where 
they are 7 in. in diameter. The bearings are 6 in. long, 
and are curved to an arc of a circle, a form which has 
been extensively employed by Mr. Sinclair; their 
diameter is 6 in, at the centre, and 7in. at the ends. 
The axle-boxes are of -metal, with gun-metal 
keeps. The springs of the leading wheels are arranged 
on the top of the frame, whilst those for the coupled 
wheels are below the axles, and are connected by com- 
pensating beams. All the springs are fitted with ad- 

usting nuts for regulating the weight upon them. 
The boiler is fed by a couple of Giffard’s injectors 
(No. 5), fixed at the back of the firebox casing, and 
delivering the water through clack-boxes fixed on the 
under side of the boiler about the middle of its length. 

The water is carried in a tank at the trailing end of 
the engine, this tank consisting of two portions, one 
between the frames and the other above them, on the 
footplate. The first-mentioned portion is 3 ft. 10in. 
long, by 3 ft. 6 in, wide, by 2 ft. me deep ; and the 
upper portion is 7 ft. lin. wide, by 3 ft. 2} in. deep, 
by 2 ft. long, these being all outside dimensions. The 





contents of the tank is about 500 gallons, The coke 
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and 1 ft. 8}in. at the 


fit the sides of the firebox casing. The space between 
the back of the firebox and the back of the tank is 
covered over with a wooden roof or awning supported 
upon front and back weather-plates of sheet iron }in. 
thick, the filling holes in the top of the tank being 
placed close to the sides, so that the water-crane hose 
can be readily led to them. The engines are furnished 
with a brake, acting on all the coupled wheels. 

The weight of these engines, when ready for the 
road, is about 233 tons, of which weight 6} tons rest 
on the leading, and the remaining 17 tons on the 
coupled wheels. They are worked at a pressure of 
1201b. per square inch. As we stated at the com- 
mencement of this notice, they have been regularly 
employed in working passenger trains between London 
and North Woolwich; they have also béen used on 
some branch lines. On the London and Woolwich 
line the trains generally consist of six carriages, but 
are sometimes heavier ; the whole distance (93 miles) 
is run in 32 minutes, the trains making six interme- 
diate stops. The line abounds in sharp curves, some 
of them being very severe. Some of the trains on the 
same line have been run by single engines having 
driving-wheels 6 ft. 6in. in diameter, the cylinders 
being 11 in. in diameter, with a stroke of 22 in. These 
engines worked the trains with a slightly less, con- 
sumption of coal than the small-wheeled engines ; but 
the comparison is hardly a fair one, as the large- 
wheeled engines could not keep such good time as the 
others. The engines, of which we have above given a 
description, were built at the works of the Great 
Eastern Railway Company at Stratford; the boilers, 
however, were made by Messrs. Slaughter, Gruning 
and Co., now the Avonside Engine Company (Limited). 








THE NEW BRIGHTON LINE. 

Tue joint bill of the South-Eastern, and London, 
Chatham, and Dover Railway Companies, for a new 
line to Brighton, passed its third reading in the House 
of Commons on Monday night, after a contest, often 
interrupted, but occupying in all twenty days in com- 
mittee. It has yet to run the gauntlet in the Lords, it 
being an admirable feature in our railway legislation 
that all bills must be twice fought upon their merits. 
But although the new line will be six miles longer, and 
have about six miles of tunnelling as against three and 
a quarter, and although its general gradients will be 
more than twice as steep (1 in 120 as against 1 in 264), 
there cannot be many, we should judge, except the 
Brighton Company and their friends, to say that it is 
not wanted. 

Commencing at the junction of the South-Eastern, 
and London, Chatham, and Dover Railway, at Becken- 
ham, the projected line runs southward, nearly parallel 
with the a Brighton, and South Coast Railway, 
crossing the South-Eastern, and making two junctions 
with it at Godstone. It continues thence past Lewes, 
and enters Brighton by Kemp Town, where there will 
be a station, and terminates on the Steyne, near the 
Pavilion, where the terminus will be situated, between 
it and the sea. 

While the Brighton Company have only two London 
termini (at London Bridge and Victoria stations), 
the new line will have the advantage of entering the 
metropolis by the Victoria and Charing-cross stations, 
as well as at Blackfriars and Cannon-street. It will con- 
nect with the Hampstead, Tottenham, and Charing- 
cross Railway, which is about to be commenced, and 
which, with the South-Eastern and London and North- 
Western Railways, will open direct communication 
between Brighton and the north, as well as to the 
various parts of the metropolis through which the 
Hampstead and Charing-cross line will pass, while the 
London, Chatham; and Dover junction, at Smithfield, 
with the Metropolitan, will afford every facility for 
passengers booking through from any part of the Metro- 
politan Railway,and reaching Brighton without a change 
of carriages. The importance of such accommodation for 
a never-ceasing stream of excursion traffic cannot be 
over-estimated. The London, Brighton, and South 
Coast Railway put forward in opposition to the 
scheme the uselessness of constructing a new line, 
when their own carries all necessary tratli, the greater 
length of line (5 miles and 70 chains), and steep 
gradients. Diagrams of the comparative sections of 
the two lines, mounted and framed, may be seen in 
any of the London booking-oflices of the Brighton 


or coal is carried in a pair of coal bunkers, placed one 
on each side of the firebox casing. These bunkers | section plotted to 
are each 2 ft. 92 in. long, by 2 ft. 5m. wide at the top, | scales. From the plan we learn that on the 50} miles of | of Commons as to the successful tr: 
ottom, the outer sides of the } the London, Brighton, and South Coast Railway there 

bunkers being vertical, and the inner sides shaped to | are five tunnels, occupying positions as follows : 


Length of tunnel, 1826 yrds., at 18 miles from London terminus 
1078 82 


” ” _ ” ” 


242 ” ” 38 ” ” 
2266 ” ” 45 ” ” 
440 ” ” 48 ” ” 


5852 yards, or a little over 3} miles of tunnel. 

On the London, Lewes, and Brighton we. find eleven 
tunnels, of the following length : 

2200 yards, 6 miles from London. 


2050° ,, 18 % 
570 ,, 21 nd 
430 ;, 30 > 
1190 ,, 34 a 
560 ,, 86 “ 
440 5, 87 pe 
170 ,, 48 
1430 ,, 50 a 
840 | 51 “ 
900 ,, 56 " 


10,780 yards, or about 6 miles in the total length 
of 56 miles 10 chains. 
On the London and Brighton Railway the' steepest 
gradient, about two miles at New-cross, is 1 in 100, 
the general gradient throughout the line being 1 in 
264 (rising and falling). The London, Lewes, and 
Brighton line, going over steeper country, has a prin- 
cipal gradient of 1 in 120: (rising and falling), the 
steepest incline being 1 in 101 (a governing gradient 
ew the same as the London and Brighton 
ilway). There is also a viaduet of 250 yards’ 
length. 
When, if ever, the new line is constructed, we 
anticipate the closest competition in all that respects 
speed and passenger accommodation. The old line of 
504 miles was at one time “ booked” for one-hour 
expresses, but they could not keep such fast time. 
With competition, no doubt new engines would be 
made that would do it, while the South-Eastern, with 
steeper gradients and six miles more distance, would 
probably make up in pressure and speed, as do the 
Great Northern in running against the North-Western 
between Manchester and London. 
Up the gradient of 1 in 120 the resistance at 45 
miles an hour will be about the same as at 70 miles on 
a level; and to take a train of a gross weight of 125 
tons, nearly 600 indicated horse-power would be re- 
quired, corresponding to that of an engine of about 
35 tons weight, with 17 in. cylinders, 24 in. stroke, 
coupled 7 ft. wheels, and; let us add, a Bissell bogie. 
We believe the locomotive superintendents of the re- 
spective lines will find that the outside-cylinder ar- 
rangement. will best meet the requirements of com- 
peting traffic. Its steadiness, with proper counter- 
weighting, is now a thing beyond question, and in 
other respects it offers many advantages. 








SALINOMETER CASES. 


To tue Epiror or ENGINEERING. 
Srr,—Will you favour me by inserting a few words, and my 
last, upon this subject? I amsorry to find that I have misun- 
derstood Mr. Jensen in any way, but I have only put that con- 
struction upon his description of the How case which obviously 
his words appear intended to convey. He andI are now very 
much in accord. We agree that Long’s case is efficient, and 
that How’s may be readily made so by providing it with a means 
of separating the steam from the water. We agree also that it 
is of the highest importance that a salinometer case should be 
thus provided ; but we differ, apparently, as to where we would 
place this contrivance, and as to its office. I would place it 
somewhere between the boiler and the hydrometer case proper, 30 
that the water in the latter should be solid, and the indications 
reliable; while he would place the ‘‘ small holes,” as in the Gamble 
instrument — — in the cover, to allow the free 
escape of steam from the instrument after the troubled water has 
been used to obtain indications —a differentipurpose altogether. To 
obtain correct indications under the conditions last named, you 
must, in order to get solid water, from time to time close the 
inlet and allow the steam to escape from the water already in the 
case. Lika. 
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Forcep v. CorLep Guns.—Two guns made by Mr. Fraser 
at Woolwich, the one a 9 in. 12 ton gun, with wrought-iron tube, 
have been fired, and burst at the 370th round, after firing charges 
of 44 1b. of powder and 250 1b. shots, and 45 lb. of powder and 
260 lb. shots. The second gun, a 64 pounder, fired 2000 rounds 
without exhibiting any signs of weakness or injury. The 
charges were 8 lb. of powder and a 64]b. shot. The gun at 
Shoeburyness burst at the 402nd round with charges of 39 lb. 
of powder and. 217 1b. shots. The respective costs of the two 
guns of equal calibre are 1490/7. and 500/. So we are finding 
that a return from the Armstrong to the former simpler mode of 
constriction is a great improvement. By all means let Mr. 
Fraser have the full credit of it. 

Borter Expiosion.—A boiler at asaw mill, at Barnard 





Company, put there for the purpose of frightening 


Castle, exploded last week, doing considerable injury. 


such of the travelling public as understand a railway 
erent vertical and horizontal 


THE COLES CUPOLA OF 1861, 


Tue following return has been - lately made to the House 
ials of Captain Coles’s cupola 
gun-shield in 1861. 
my of the report by one Powell respecting the results 
of the experiments made in 1861 to test the cupola system 
of armament on board her Majesty’s ship Trusty: 
Royal Hotel, Sheerness, September 19, 1861, 

My Lord,—I have the honour to forward, for the information 
of the Lords Commissioners of the Admiralty, the following 
report on certain experiments which their lordships directed me 
to try with Captain Coles’s cupola shield. 

1st. Its general working, and more especially the facility with 
which it is moved, the vessel having been given a heel of 5°. 

The working of the cupola consists in turning it round, which 
is done with great facility. 

The working of the gun is limited to loading and elevating; 
tackles and handspikes are not used, as the gun runs out into 
its place after firing, and it is trained by the cupola. 

The space is not so confined as to impede the working of the 


gun. 

The men are below the narrow part of the cupola, and there is 
no occasion for any one to move, except the three numbers em- 
_ in loading. 

The recoil is:sharp, and the gun back into its place 

uickly; but the men are well clear of it, and an accident from 
that cause is almost impossible. 

The captain of the gun stands outside, sheltered in front of 
the shield. 

The dockyard authorities bering pronounced it unsafe to heel 
the Trusty over as much as 5°, only 2° inclination was-obtained ; 
this made no difference in the working of the gun or cupola. 

2. The effect of smoke and temperature in the interior of the 


cupola. 

The smoke, after rapid firing, does not inconvenience the men 
inside the cupola; it is certainly less, and clears away qnicker, 
than when a number of guns are engaged between decks. 

The heat is not increased perceptibly by firing, the thermo- 
meter only varying 2° inside, 

The concussion is considerable, and it was found advisable 
that the men should have cotton in their ears; no,inconvenience 
was then felt. 

The concussion. was very much reduced by enlarging the hole 
in the top of the cupola. 

3. Rapidity of fire and supply of ammunition.—The cupola 
n beats the gun between decks in every description of firing, 
fat it shows its decided superiority when the object is moving, 
or the ship veering about. I think their lordships will find that 
twelve rounds were fired at different targets in a quicker time 
than has ever before been recorded, 

The supply of ammunition is equal to any demand that the 
gun can make upon it. 

4. Facility of correct pointing.—There are two ways of laying 
the gun, independent of one another: 

By sights on the top of the gun. 

By sights on the top of the cupola. 

The first is a long and difficult procem, The aperture in the 
cupola is small, which prevents the captain of the gun getting 
sight of the object ; his position in pointing is such that he can- 
not fire with safety until he has moved, a great drawback to 
accurate firing. 

By the second method, there is great, facility for, the eye to 

eateh the object. The sights on the cupola stand clearly out, 
and the points can be brought on quickly, and with great ac- 
curacy. 
The training by these sights is the same as when they are on 
the top of the gun. The elevations are, however, obtained in a 
different way from that usually adopted for accurate practice. 
The captain of the gun moves the tangent sight on the cupola, 
to bring the object on. He names the de, and minutes of 
elevation, not depression, and the gun is laid by side scale. This 
side scale is peculiarly fitted, and requires practice to be under- 
stood and readily used. 

The correctness of these sights is dependent upon their being 
always parallel to the axis of the piece. I found after repeated 
firing that they were ; but unforeseen accidents a throw them 
out; they should therefore be occasionally verified by those on 
the top oi the gun; if there is any error, they can be immediately 
adjusted by means of the deflection scale. - 

5. Number of men gained by this mode of working over the 
broadside guns of the same calibre, 


Pounder. Men. Boys. 
Required for cupola ...° «. 40 w. 7 «. 2 
Required broadside ... ... 40 we 9 .. If 
(Probable) number forcupola 100. ... 9 .. 2 


(Probable) broadside... ... 100 .. 17 .. 2 
6. Training and keeping the target object on, whilst target is 
in motion, 

The training is extremely smooth; it is rapid or slow, as re- 
quired, and can go on without interruption, 

This enables the captain of the gun to keep a moving object 
on, far better than with any other gun. He has also the ad- 
vantage of firing without giving notice, We found that a small 
target in the gun-boat was kept on the sights whilst passing the 
Trusty so rapidly that it changed its beating Sa" points in a 
minute and a half ; this could not be accomplished by a gun be- 
tween decks. 

7. The liability and probability, from any circumstance, of 
being pat out of working order. : 

Its liability of being put out of order is very small; eighty- 
eight shot were fired from it, some of the firing being very quick, 
and me only thing in the slightest degree strained was a deféct- 
ive bed. 

A heavy sea, in my opinion, would have little or no effect in 
disturbing it. The various contingencies in action, from 
enemies’ shot, may doubtless put it out of working order. 

8. The effect of 100-pounder Armstrong solid shot on the 
shield, both as regards penetration, smashing, and its working. 
In compliance with Captain Coles’s request, practice was com- 
menced from the 40-pounder, but finding that the shot had little 
or no effect on the cupola, the Armstrong 100-pounder was laid 
full in front of it at 200 yards. 
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The was cracked by each shot that struck it, 
and, after blows, half of it was torn off. 

The eae te deen i — when cninjured, 
pieces went inside, but worki gun was uninj 
and the cupola (which could not have been more ——, 
never moved, and was afterwards turned round with same 
facility as before. No single shot, or even two shots striking 
close aan and full on a plate, oa to have any other 
effect t indenting it slightly; a third shot, striking in the 
same place, made more impression, and, on one occasion, broke 
& leaf off the rolled plate, not rating. A fourth shot, going 
nearly into the same spot, e into the cw i i 
it - = ge backing, “nl -—_ spli cye hy 
round the inside. e shot was split, orce 
so that it dro on the platform. 

It is that many of the men inside would have been 
disabled by this shot, but the gun carriage and slide were un- 
injured, and the cupola turned as well as ever. 

The 3ist hit, struck the muzzle of the iron gun (which had 
been placed in the shield in lieu of the Armstrong 40-pounder 
and broke it into three pieces; the portion of the muazle whic 
was struck went ovalheand. The chase was broken off, just 
outside the trunnions, causing the inner part to fall down, and 
the carriage to turn bottom up; me by one inside the 
cupola would have heen hurt; some of bolts that were 
screwed into the iron plating fell out, but those with conical 
—_ remained in; the bulge of the plates was excessively 
sma) 

After the cupola had been struck 26 times by the 100-pounder, 
a 68-pounder was laid at a distance of 200 yards. The shot 
from this gun made about the same indentation as the Arm- 
strong, but the plates fired at must have been shaken by the 
former blows. 

The shot on all occasions appeared to split when striking; 
but I believe that when the plates were only = main 
body of the shot had but small pieces taken off it. hen the 
plates were hit full, the fragments glanced upwards, the shot 


evidently Coens Sie many pieces. 

9. Practice to be made at a target (rolling the vessel at the 
same time) from the gun on the shield, and the one mounted in 
the common carriage on the broadside, noting the rapidity of fire 
and correctness of practice. 

There was no opportunity of carrying out this experiment. 

10. The time to be taken in moving the cupola so as to bring 
the from one broadside to the other, more especially from 
the to the windward side. 

The cupola was turned with four men at the winches, 

| a ee ee ee. 
a a a ed 


45° eee ere ove ove 12}” 
These times correspond with those taken when the ship had an 
inclination 2. 
A third winch having been fitted on the main deck outside the 
cupola, and two additional men stationed to it. 
he times of turning were 
860° ove eee ove eee 55” 


180° ove cee ose ove 26” 
If the cupola is properly balanced, I see no reason why any in- 
clination of the ship would impede its turning. 
11. The elevation and depression that can be given the gun, 
and the facility with which it can be obtained. 
Extreme elevation ... ose ae = 


The er elevating and depressit 
t system ing is not so con- 
ventestas ith the usual ca . se 

The carriage in the cupola somewhat resembles Marshall's. 
lowes part the pert of the cupue, whieh bs always the folorem 
lower cu w ways the fulcrum 
Seemed ol thotsehaiee tents, ye more diffcult to de- 
press than a gun in a common 

Handspikes cannot well be inside the cupola, which 
causes some delay in shifting the de ion chock. The elevat- 
ing screw, however, gives a range of seven degrees, and can be 
used with the same facility as in the ordinary carriage. 

12. What distance from the vessel will the projectile fall, she 

ing on an even keel, and the gun extreme depressed ? 

Genaal R —_ The disadvantages of th la 

Remarks.— van e cupola gun may 

be considered as follows: “ 

I. Owing to a amount of surface below the cupola, but 
connected with it, there must be a risk in action of something 

struck, and perhaps put out of order. 

Il. If the gun or carriage was disabled, there would be great 
difficulty in shifting it. 

ILI. The concussion in the cupola is rather more than between 


Rn = ¢ elevating is a little complicated. 
i vantages gained are, 
of practice, which may be attributed to 


1. Great accuracy 
the facility with which the a goed gy the object. 

The ~~ oe precision of training, and the 
ca 2 gun Y mmm attention — ing. 

. The ra at a moving object. 

& The guickeoes wi which smoke clears away from the 
ey iy test air. 

4. large of training, which may be taken at between 

and eleven points. ina caer ge ogpeamneapetaty 

firing, but a ship with shield guns to t her bow 
to the enemy, thus presenting a er surface, and at an 
oblique angle. It also gives the option of putting a ship's head 
to the sea to steady her. 


5. A system of concentration may be ado; 

© ee fe eee ae a py4+- 
the exception of t numbers, the crew need not be so highly 
trained as at other 


7. Inthe event of explosion, or of the armour plates being 
driven in, the casualties would be limited to where the accident 


Be eee: 
n conclusion, I may state that the capabilities of improvement 


wr The lie i 

The 9 Satine, ond Do canis is always in the same 
place when loading. Mechanical appliances may therefore be 
used to an extent impossible between decks. 

If the recoil and concussion of aay (gps wuils ant to ex- 
cessive in the cupola, there appears to be no reason why they 





should not be used, and the advantage they would have over 
heavy guns between decks would be very great. 

Fifty-nine men were placed inside, and on the cupola, and it 
was turned with the same facility as before, so I imagine ad- 
ditional weight will not impede its working. Seamen are 
generally very fair ju of the materials they have to work 
with, and I remarked after a good struggle on the part of 
the gun’s crew on the main deck, they fairly gave in, and 
Sener s Ss ey against the gun in the 
ield. 

Captain Coles states that it was not built to withstand the 


100-pounder Armstrong and in fact that it was commenced 
—_ joo Lag was intro — 

e, perhaps, can stren, it by adding a few tons cf iron, 
and making alterations which tal give favulnerability, if in- 
vulnerability is to be attained; but forming my opinion of it as 
it is, both in its offensive and defensive cagusity, 1 cxnalder thes 
it is one of the most formidable inventions adapted to naval 
warfare, as well as coast defences, that has ever come to my 





_  Thave, &., 
(Signed) §AsHMoRE PowE 1, Captain, R.N. 


Tasie or Frearve aGarsst Caprarn Coies’s Gun Suretp.—September, 1861. 




















S Pred g_ | Indentation. No, of Plate struck. How struck. 
rojectile 
a en : | Dia- & Right of} Left of mueues 
A : a F meter. - Shield. Glacis.) Full. Fall. Fall. 
Yds.} In. |Inches.| In. 
1 Sincere 400} .7 |5 x4]... 2 Full ove On top of a bolt. 
2] ditto |ditto| .8 |9§x4| ... | Muzzle plate} .. | ,, “ ts ‘ 
3 ditto 200; 4/4 x4 2 ° ” eee . 
4 ditto ditto} .4 |4 x4/... eee 8 ” ene see 
5 ditto ditto} .1 |6 x8 |... 3 ese os 8 plates om 
6 a ditto} .8 |7 x5}) 1 11 on ee |14 plates 
7] ditto waittol 1.0 |9 x5 | 1.0 ¥e 5 | Fall] .. - 
8 ditto ditto] .6 |5}x5 | ... | Muzzle plate; ... we ove 1 plate 
9 ditto ditto} 1.3 |6 x5s} ... «» | Fall eee tee 
10 ditto ditto} 1.1 |6 x6 | ... 11 ee pes - | 1 plate 
11 ditto ditto} .6 |6 x6 | ... 10 eco oan . 2 plates 
= ~ a 615 x7] 1 - ss . wo» | Full dae eee 
itto} .5 |7 x4] ... | Muzzle plate! ... eve eco eve Hit glacis when not protected by 
“4 dite ma B : fe - 1x 1 eco rh eet on iron, before striking these plates. 
15 ditto ditto} 1.8 |7 x7 | 7 2 ove ” ; 
16 ditto —_|ditto| 1.0 |7 x5}] ... ese ns sia 
17 ditto {ditto} 1.0 |6 x5 | .. ‘ bas we | 1 plate 
18 ditto ditto} 1.3 |64x3 | ... as 6 | Full ne one 
19 ditto = jditto} 1.0 |9 x6]... | 10x11 me ee 2 plates 
20 ditto {ditto} .8 |9 x5/| ... | Muzzle plate| ... ose 1 plate 
a ditto ditto 5 6 x8]... sa it tol "| Bui 2 plates 
i itto] ... | os ns uzzle plate} ... ull ° eve ‘ 
28 | ditto ditto| ..| ... |... ~ none oni Muzzle plate having been knocked 
24 ditto ditto] |. ogy 2a rs sits 4 ni na off, unable to take indentations. 
itto ditto} .5 |6 x4}... ll es re ewe | 24 plates 
36 ditto itto 1.0 |7 x5 |... pat 5 Bi ye 1 blate 
itto itto} | wee | one 2 ove ull eee No. 27 broke off a leaf of rolled 
S| So lclsel=| 8 [=| =] e | simp meer 
= _ vom 18 |7 x5]... R ii ' ose ae. 1} plate sas 
itto) ... | .. | ... |Hitm of gun, breaking gun into three pieces. 
82] ditto _|dittol “5 |e x5 | ... = Tt 7 
33 ditto ditto) 3 |5 x3 |... wee 5 | on “ 
34 ditto —_ {ditto} 1.2 |7 x5 | ... ese Sie 
85 | ditto —|ditto}1.1 6 x6]... [" 10 ae a 1 
86} ditto —|dittol1.2 |6 x6 10 . } plate 
87 ditto ditto} .7 |54x5 9 oe eee 2 plates 
38 ditto ditto] .4 [5 x4 9 eee eco 23 plates 
89 | ditto —|aitto) 14 |4 x3 10 pn we |2p 
40 bo pee ditto} .9 |7 x7 | 4 9 Fall a ne Grazed ship’s side before striking. 
41} ditto laittol no |g x7 [15]... 8]. : y 
42 ditto ditto] 1.7 |7 x6 |... 9.10 eco * pa “ 
43 ditto |dittol1.4 |7 x6 |... il an fk POGUES tee 
































N.B.—Number 24 round, 12 small fragments entered shield 
through sight. Shot Number 28 took in fragments of iron and 
wood, which would probably have disabled many of the gun’s 
crew. 

At the conclusion of the practice, although the shield had been 
struck 33 times, it worked with the same ease as before. 





InpEx showing how often each plate has been struck. 


Muzzle-plate was 
struck by . Nos. 2, 8, 9, 13, 20, 22, 23,24 . 8 shot. 
No. lofshield. ,, 30 ° ° 
oe 3 gw» + « £846 69,8 
» 8 ” _ .” 5 ° ° 
» 10 » «© g 11,19, 29, 35, 36, 39, 42 
»n 12) 4 + 6, 10, 12, 19, 21, 25, 48 
» 9 » + 4 87, 38,40,42 
Muzzleofgun . ,, 81 


ent e@ «4 '* 


81 00 By | 20 os co se mms mm 99 83 es Cp 


° ° ” 

No. 5ofglacis. ,, 7, 26, 82, 38 ° ‘s 

» © ww « g 17,18, 84 é ° in 
ee a «. ee ° ° ° 

oe a «6 « aes . i 





Taste showing Comparative Practice between Shield and ' 








Main Deck 40-pounder. 

The accuracy in the _ with the Shield Gun was equal 
to, if not greater than, with the one on Main Deck, the firing 
in both cases being very good. 

Ist. Quick firing, horizontal, and in direction of an object. 
Enemy supposed to be close alongside. 

SareLp Guy. Rear Deck Guy. 
of eo Wj 
sc 
Number Ess Number} EE 
of Time. |3—2| Remarks. of Time. [2 ES 
Rounds, 2 Zo Rounds. 2 3 ° 
a £ ave 





Grounds} 3 45 45 |Breech- 6 rounds 41 
screw rather} 
8 

oe 1 52 | 37} 

Se « 2 36 | 31h 


rounds} 2 18 | 69 
= 6 0] 7% 


6 wn 3 42 442 |Breech- ° 2 ie 


3 

5 
screw rather/5 ,, 

6 


. 




















Deduct for shot which struck on two plates = 2 52 343 
Total . 8rd. Independent firing minutely, at different targets, 600, 
From 1to 65, inclusive, were 40-pounders. 800, and 1000; % off, 20° apart. 
» 6089 ” 100-pounders. 10 mas | 7 29 | 44 w. - (Ormds,} 11 12 | 735 
» 40 to 43 ” 60-pounders. 








Captain Cowper Coles to Captain A. Powell, C.B. 


Sir,—Before commencing the trials against my cupola, I beg to ston 0 that it was built two 
gun then in existence (a 40-pounder), 
periments to commence with a 40-pounder Armstrong ere putting it to the tentet the 100- 


resist the heaviest Armstrong 
ascertain if my calculations for resistance are correct. 


Captain A. Powell, C.B., &c. &e. &e. 


Royal Hotel, Sheerness, 16th September, 1861. 
years and a half ago, to 
therefore have to request will allow the ex- 
nder, in order that I may 
have, &., 


(Signed) Cowper P. — ey. 
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being 


JuNE 22, 1866.] 


ENGINEERING. 


423 








NOTES ON BRIDGES. 


THe spans of the railway bridge at Hungerford are each 
154 ft. in width in the clear. 

Sir Mare Brunel proposed to make masonry arches (and he 
actually constructed one) without centreing. His plan was to 
attach voussoirs successively on each side of a pier, so that the 
weights onxboth sides should balance, relying only on the ad- 
hesion of the cement. In this way the two opposite sections of 
an arch would approach each other until finally united at the 
centre. We are not inclined to believe that many workmen 
would be obtained to lay the stones for such arches. 

The extreme width of London-bridge is 56 ft. 

The widest-arch of masonry now standing is on the line of the 
Washington Aqueduct, U.S. The aqueduct bridge over ‘* Cabin 
John’s Creek” has a single granite arch of 224 ft. span. The 
next widest masonry span is that of Grosvenor-bridge over the 
Dee, at Chester, the width of opening being 200 ft. 

A suspension aqueduct was originally erected over the Almond 
River to feed the Edinburgh and Glasgow Canal, and Mr. 
Roebling, of the United States, has constructed a number of 
large suspension aqueducts. 

A wire suspension bridge over the Garonne was blown down 
ina gale. ‘The Lewistown suspension bridge of 1043 ft. span, 
and the Wheeling bridge of 900 ft. span, both in America, were 
blown down by galesof wind. 

Neither of the great spans of the Britannia bridge measures 
460 ft., as is generally supposed, nor are the two great spans of 
exactly equal width. The eastern span measures 458 ft. 8 in. in 
the clear, and the western or Anglesea span 459 ft. 3 in. 

The railway bridge over the Severn, at Areley, has a single 
cast-iron segmental arch of 200 ft. clear span and 20 ft. rise. 
The largest cast-iron arch, we believe, previously applied to 
railway purposes, is 125 ft. span, which is the span of the six 
openings of the high-level bridge at Newcastle 

Blackfriars-bridge was commenced in 1760, and completed in 
1770. The actual cost of its construction was 170,8511, but 
with ground and contingent charges its total cost was 261,579/. 
Its foundations were defective, and no less than 105,0002 were 
expended in various repairs between 1833 and 1843; 15,0007. 
had been expended on it also since 1852, when Sir William 
Cubitt and the late Mr. Brunel recommended its removal. 

The Mulleer Viaduct, on the Scinde Railway, is 1860 ft. 
long, the spans, of 80 ft. each, being formed of Warren’s girders. 
The Bahrun Viaduct is 1782 ft. long, and comprises thirty arches 
of hard, white, durable stone. 

The viaduct of the Indre, on the Tours and Bordeaux line of 
railway, comprises 59 arches of 30 ft. span, its height being 
65 ft., and total length 2624 ft. Its cost was 80,0007. 

A stone girder, formed of several voussoirs, extends between 
the towers of Lincoln Cathedral. The depth of the girder at 
the abutments is 20 in., and at the crown only 11 in. 

The Mhow-ke-Mullee Viaduct, upon the Bhore Ghat incline 
of the Great Indian Peninsula Railway is 168 ft. high above 
the footings of the foundations. It has eight spans of 50 ft. 
each, 

The Bridge of Alma, at Paris, is constructed wholly of con- 
crete. Entire houses, including the vaults, floors, staircases, 
mantels, cornices, chimneys, &c., have been constructed in a 
single piece—a true monolith—of beton. 

Kircher speaks of stone bridges in China three and four miles 
long, .and of an arch of the incredible span of 600 ft. 

The firing of acannon from the top of the Conway-bridge has 
heen found to occasion more tremor than the passage of a train 
-orough it. : 

The experiments made for the Chester and Holyhead Rail- 
way Company, to determine the best proportions for the Conway 
and Britannia bridges, cost 70000. E 
» ~One of the widest spans yet made in a timber bridge was that 
of the Schuylkill-bridge, at Philadelphia, U.S., the clear open- 
ing of which was 340 ft. It was afterwards burnt down. 

he suspension-bridge over the Dordogne, at Cubzac, near 
Bordeaux, ha’ five spans of 400 ft. each, 125 ft. above high- 
water. There were de 2000 ft. of stone arcades, and embank- 
ments on each side, making the entire length of the structure 
6000 


Ass long ago as 1756, a French engineer, M. Chezy, pumped 
out the water from the foundations of the Trilport-bridge across 
the Maine, by means of the vertical chain pump and a bucket 
wheel worked by the current of the river. ; 

Captain Moorsom’s design for the railway bridge across the 
Rhine, at Cologne, contemplated two lattice spans of 600 ft. 
each, 

The remarkable triangular bridge at Croyland was mentioned 
in a royal charter of the year 943, although the present struc- 
ture is believed to date only from the 14th century. 

The chord of the curve of the wire cables of the Fribourg 
Suspension-bridge, constructed by M. Chaley, is 870} ft. between 
the faces of the towers. Their versed sine is 63} ft., and the 
length of the roadway is 808 ft., its height above the Saarine 
being 167 ft. ; j 

The cost of the Pesth Suspension-bridge, of one main span of 
666 ft. and two side spans, was 622,04z/. It was constructed 
under the direction of Mr. W. T. Clark between the years 1839 
and 1849, ; i 

The first pile in the construction of London-bridge was driven 
March 15th, 1824. The work was opened to the public August 
Ist, 1831, the total cost having been 1,458,311. 

The Conway Tubular-bridge cost 145,1911., of which the whole 
cost of the tubes, including their erection, was 106,690/., the 
cost of the masonry having been about 38,5002, : 

Wire suspension bridges were first made by M. Seguin, of 
Lyons, in 1823. 

The tide at the Britannia-bridge rises about 20ft. The 
rock on which the Britannia tower is founded is 10 ft. out of 
water at low tide. ‘ 1 

The bridge over the Rhone, on the Marseilles and Avignon 
section of the Paris, Lyons, and Mediterranean Railway, cost 
240,0002. The Blaisy ‘Tunnel, on the same line, cost 360,0007. 
The tunnel of the Nerthe, also on the same line, cost 400,000, 

The railway suspension bridge formerly standing at Stockton 
was of about 300ft. span. Mr. Stephenson once stated that 
when a train crossed the bridge, a wave of the line, nearly 2 ft. 
high, rose up before the engine. 





The cost of the great suspension bridge of six spans, erected 
by Mr. Vignoles over the Dnieper, at Kieff, was about 432,000/. 

The cast-iron bridge over the Neva, at St. Petersburg, has 
seven arches of from 107 ft. to 156 ft. span, the length between 
abutments being 1078 ft. 

The wooden bridge over the Limmat, near the Abbey of Wit- 
tengen, had a single clear span of 390 ft., the rise being 43 ft., 
and the radius of curvature about 600ft. It was built b 
Grubenmann, who built also the bridge of Schaffhausen. Bot 
— were burnt down by the French troops. 

The opinion, which prevails to some extent, that the deflec- 
tion of a bridge, under a passing load, is less than under an 
equal stationary weight, cannot be supported by any analogy 
drawn from the resistance of ice. ‘The ice upon a pond is sup- 
ported uniformly by the water, for displacing which a certain 
time is required. 

The pivot bridge at the crossing of the Alexandria and 
Cairo Railway over the Nile is 160 ft. long, giving two open- 
ings of 60 ft. each. There are two iron pivot bridges, one at 
Chicago and one--at Galena, United States, which are each 
230 ft. long, giving two openings of nearly 100 ft. each. 

An iron bridge of thirteen arches crosses a branch of the 
Yarudzang-bo, near Chashe-lo-um-Boo, in Thibet. 

In an iron bridge apn carried across the canal at Abbe- 
ville, France, Barlow rails have been rivetted together and bent 
toa curve, to form hollow arched ribs to support the structure. 

The cost of the Britannia Bridge was about 602,0002., of 
which the masonry cost 159,0002., the whole cost of making and 
erecting the tubes having been 443,0007. 

Skew bridges, which were supposed to have been first used on 
railways, were employed in ancient times. Several skew bridges 
at a considerable angle, some of them 60 ft. in height, still 
exist at Cordova, in Spain. 

The spans of the Schaffhausen bridge, often confounded with 
that of the work erected by the same builder over the Limmat, 
were respectively 172 ft. and 193 ft. in width. 

It has for some time been in contemplation to build a bridge, 
10 miles in length, across the Bay of San Francisco, California, 

Professor Mosely states that the strength of a beam, firmly 
fastened at the ends, is three times greater than that of a beam of 
which the ends are loosely supported. Mr. Herman vr an 
author of considerable repute on bridges, states that the difference 
is as 2 to 1 in favour of the fixed beam. Professor Barlow gave 
the difference as 3 to 2 only. 

Many stone bridges of spans of from 160 ft. to 177 ft. were 
constructed in France in the 15th century. The bridge of Vielle 
Brioude, having a single arch of 177 ft. span, was built in the 
year 1454. ; 

The bridge constructed by the Emperor Trajan over the 
Danube Sad twenty simicircular arches of 180 ft. 5 in. span. 
Their springings were raised 46 ft. above the general level of 
the river. ‘The piers were 64 ft. thick, and 85 ft. 8 in. wide. 

The Ballochmyle Viaduct of the Glasgow and South-Western 
Railway has one stone arch of 180 ft. span, thé widest ever con- 
structed in masonry for the passage of a railway. 

Voussoirs of soft stone, absorbent of moisture, have been 
placed on beds incljned at an angle of 45 deg., without sliding, 
when the centre of gravity did not fall without their base. 

The iron bridge built in 1780 over the Severn, near Coalbrook- 
dale, was the first in England constructed of that material. 

The Welwyn or Digswell Viaduct, on the Great Northern 
Railway, 213 miles from London, is 1562 ft. long, and 100 ft. 
high. It has 40 arches, of 30 ft. span each. The whole{cost 
was about 75,0002. 

In Germany, wooden railway bridges are not allowed by the 
official administration of railways. 

The first successful application of cast-iron beams to me 
urposes-was in the fire-proof cotton-mill erected by Philips an 
he of Manchester, in 1801. 

The brick viaduct of the South-Eastern Railway over the 
Foord at Folkstone, although having nineteen arches, some of 
which are upwards of 100 ft. high, was completed within four 
months of the commencement of the work. 

The upper web of a wrought-iron beam should have 1} times 
the section of the lower web. If the flanges are very wide and 
thin, it should have 14 times the section. f . 

American railway bridges, when built of timber, for a single 
line, cost about 7/. per foot, for spans of from 180 ft. to 280 ft. 
For spans of from 280 ft. to 262 ft. the cost ranges from 7/. to 
101. per foot, and in extreme cases, 12/. 10s. per foot. 

The arch is believed to have been first made in the reign of 
the Egyptian King Amunoph, about 1540 years before Christ. 

Most of the masonry of the Victoria Bridge at Montreal, was 
sub-let for but about one-half the price paid by the Grand Trunk 
Company to their contractors. 

The Nerbudda-bridge, on the Bombay, Baroda, and Central 
India Railway has 60 spans of iron, and is of a total length of 
87504t. The Taptee-bridge, on the same line, has 32 spans, 
and its total length is nearly 2000 ft. Both are now double- 
line bridges. : : 

The great aqueduct at Roquefavour, in France, is 270 ft. 
high and-12@ft. long. It is formed of three tiers of arches. 

The Crumlin Viaduct, consisting of two divisions, the one 
having three and tk« other seven spans of 150 ft. each, the 
highest 207 ft. high, was built by contract for 39,000/, the 
actual cost having been somewhat greater. 

The iron tubes of the Victoria-bridge, ge about 9000 tons, 
are understood to have cost but 185,000/., delivered at Liver- 
pool, whereas the whole cost of the bridge was nearly or quite 
1,500,0002 ; Date 

Southwark-bridge contains 5560 tons of iron. Ths Britannia- 
bridge contains 10,570 tons of iron. 

The ribs of the arches of a bridge of 165 ft. span, over the 
Severn, at Stourport, were originally cast in two pieces each, the 
castings, although but 18 in. deep, being nearly 90 ft. ~~ 

Rolled wrought-iron beams were introduced into use by the 
French architects,.chiefly in consequence of a strike on the part 
of the carpenters of Paris in 1846. 

The suspension bridge over the Danube, at Pesth, erected 
upon the plans and under the direction of the late W. Tiernay 
Clark, C.E., was singularly and severely tested before being 
opened, in 1849, for public use. The Hungarian army, hotly 


pursued by the Imperialists, crossed it in the greatest confusion, 





the whole roadway being covered for two days with a dense throng 
of soldiers, horses, and matériel. 

The cost of the Boyne Viaduct, on the Dublin and Belfast 
Junction Railway, was 140,0002. 

The aqueduct of Segovia, constructed by the Romans, has 
170 arches, some of them 102 ft. high, and is ofa total length of 
2921 ft. It is constructed of granite, without mortar or cement. 

The Chester and Holyhead Railway viaduct over the river 
Cegid is 171 ft. high. 

The Paddock Viaduct, near Huddersfield, has six lattice 
girder beams, each 346 ft. long, 7 ft. deep, and spanning four 
a of 80 ft. each. The breaking weight was rather more 
than 4} tons per lineal foot, and the cost of the ironwork, at 207. 
per ton, was 15/. per foot. 

The Goltzsch Viaduct of the Saxo-Bavarian Railway, between 
Reichenbach and*Plauen (south of Leipsic), was commenced in 
May, 1846, and finished in about five years. It is built of 
brick with four storeys of arches, the widest of 100 ft.span. The 
length of the viaduct is 1800 ft., and its height 256 ft. Its cost 
was 380,000/. 

The railway viaduct across the lagunes of Venice is 11,805 ft., 
or nearly 2} miles long. It has 210 arches of 83 ft. 41m. span 
each, rising 18 ft. 4in. from the sea. The cost of the whole 
was 180,0002. 

The piers of the Victoria Bridge, at Montreal, were estimated 
* cost 40,000/. each, making nearly 1,000,000/. for the masonry 
alone. 

The superstructure of the Boyne Viaduct comprises 740 tons 
of iron, the cost of which was 24/. 10s. per ton. 

The Soane-bridge is the longest in India, measuring nearly 
one mile between the abutments. It has twenty-eight spans of 
160 ft. clear opening each, the distance between the centres of 
the piers being 162ft. There is, besides, a span of 26 ft. in 
each abutment. ‘The foundations consist of brick cylinders, 
18 ft. in diameter, three to each pier, filled in with solid brick- 
work. These are sunk at least 30 ft. below low-water level, 
giving s total height of 80 ft. from bottom of foundations to the 
evel of the rails. 

A single timber arch, of 276 ft. span, crossing a ravine near] 
200 ft. deep on the line of the New York and Erie Railroad, 
U.S., was taken down in 1860 in consequence of apprehensions 
as to its security. It was built in 1848, and was believed to be 
the widest timber span extant. 

In an address delivered hefore the Institution of Civil Engi- 
neers, by Sir John Rennie, while president of that body, he stated 
that a wooden bridge of a single span of 600 ft. was once erected 
in Canada, where it stood for a considerable time. 

The castings of the bridge over the Wear, at Sunderland, were 
— made for a bridge of 410 ft. span, the design being that 
of Thomas Paine. 

Mr. Stephenson’s original design for the two 450 ft. arches of 
the Britannia-bridge contemplated a rise of but 80ft. in each 
arch, the springings being 70 ft. above the water. 

In raising the tubes of Conway bridge, the hydraulic presses 
lifted about ;3,th in. at each stroke of the pumps. When the 
pumps of both presses worked exactly together, or in isochronous 
action, the tube got to vibrating, the rise and fall of the middle, 
at each stroke of the pumps — about 14 in. As soon as the 
— were made to go at slightly different speeds, the vibration 
ceased. 

The floor of the Niagara Railway Suspension Bridge is stayed 
to the rocks at the sides of the river by fifty-six wire stays. 

In the tubes for the Victoria Bridge, at Montreal, 30 per 
cent. of the weight is in the top, 36 per cent. in the bottom, and 
84 per cent. in the two sides. 

elford once made a design for a wire suspension bridge, with 
one span of 1000 ft., and two side spans of 500 ft. each, 





ig it for ing the river Mersey at Runcorn Gap. 
Cast-iron girders, ,73 ft. long, and cast in one piece, were 
used in the construction of some of the bridges on the Amster- 


dam and Rotterdam Railway. 

One of the earliest cast-iron bridge, after that of Coalbrook- 
dale, was one of 43 ft. span erected in 1794, by M. le Comte 
pam at Laason, in Lower Silesia. 

The iron lattice bridge of 140 ft. span, by which the double- 
line railway of the Aberdare Iron Company is carried over the 
river Taff, contains but 53 tons of iron, which cost, exclusive of 
erection and carriage, but 11/. 10s. per ton. 

Although the roadway of the new Westminster Bridge is of 

eat width, it is not, as has been stated, the widest of an 

ridge in the world. The Schloss Brucke, at Berlin has a muc 
greater width of roadway ; as has also the new bridge by which 
the Boulevart Sevastopol is carried across the Seine, in Paris. 
m.. Hawkshaw has employed cast-iron in single girders of 
t. span. 

The Victoria Bridge, at Montreal, the cost of which has been 
about 1,400,000. is for a single line only, as is also the great 
viaduct of the Cornwall Railway at Saltash. The cost of the 
latter work was 225,000/. 

The arch of the celebrated iron bridge at Sunderland, the 
dimensions of which have been so variously given by different 
authorities, had, according to Mr. Stephenson, a clear span of 
236 ft. anda rise of 84 ft. 

The new aqueduct bridge at Washington, U.S., has two hol- 
low cast-iron arched girders, of 200ft. span and 20 ft. rise. 
Each girder is composed of 17 curved pipes of 48 in. internal 
diameter, with a 3-in, lining of staves and pine deals. Through 
these girders the water is made to flow, whilst a broad roadway, 
including two lines of horse railway, besides footpaths, is sup- 
ported by an iron superstructure above. 4 

Although the iron bridge at Coalbrookdale was the first of 
that material ever erected for use, an iron bridge having three 
spans of 82ft. each was constructed as early as 1755, at a 
foundry in Lyons. One of the s was erected in the yard of 
= * but the work was immediately afterwards aban- 

oned. 

In Mr. Brunlees’s bridges over the estuaries of the Kent and 
Leven, the cast-iron piles rest each by a flange or disc, 30 in. in 
diameter, upon the sand. By pomping water forcibly through 
a 2in. pipe in the centre, and which protrudes about 2 ft. below 
the bottom of the pile, the sand was forced away, a rotary 
motion being at the same time given to the pile, on the bottom 
disc of which are several sharp radial ribs. The piles were thus 
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sunk, in some cases, 7 ft. in twenty minutes, and were found 
able to support 20 tons each in 20 ft. of sand underwater. The 
cost of these piles was less than the royalty demanded on the 
Mitchell screw-pile. 

Mr. Joseph Cubitt’s 50 ft. cast-iron girders, covering a clear 
span of 45ft. in bridges on the Great N ilway, are 
Sit. Din. d the middle web being 2in. thick. The top 
flange is 7 in. by 24 im., and the bottom flange 24 in. by 24 im. 

In his later works of bridge construction, Mr. Ste; 
abandoned the cellular system originally adopted in the Conway 
and Britannia bridges. 

Mr. Fairbairn has calculated that the greatest clear span at 
which an iron tubular bridge would support its awn weight 
would be between 1800 ft. and 2000 ft. 

In the year 1390, a single semicireular arch of 251 ft. span 
was standing over the Adda at Trezzo in the Milanese. It was 
erected by order of Barnabé Viseonti, Duke of Milan, and was 
shereasds destroyed by Carmagnola. 

Mr. Brunel a sade | under certain circumstances, to empley 
suspension bridges for railway purposes. 

he longest railway turning bridge in the world is at Peoria, 
linois, US. The total length of the timber trussed frame is 
290 ft.; the eentral pier is 81 ft.in diameter; and the clear 
water-way, on each side, 127 ft. This bridge weighs 300 tons, 
and is opened by two men in three minutes. Another turning 
bridge across the Illinois river, at the same place, is 293 ft. long. 
This, however, is a highway bridge only. ‘The railway turning 
bridges at Nashville, Tennessee, U.S., and over the Mississippi 
river at Rock Island, are each 280 ft. long. 

A railway draw-bridge ereeted over the Cumberland River, 
U.S., consists of two arched timber trusses 280 ft. long, covering 
two openings of 120 ft. each. 

The tubular bridge at Brotherton, on the former York and 
North Midland line, has no cells either in the top or bottem. It 
was originally made 10 in. narrower at the top than at the bot- 
tom, but being considered too narrow for the passage of trains, 
the top was opened throughout its length, and a continuous 
longitudinal plate, 10 in. wide, inserted, so as to make the top 
equally wide with the bottom. 

Mr. Stephenson’s first suggestion of a tubular girder was 
made in 1843, when the High Level Bridge at Neweastle was 
proposed. He made some experiments at the time upon a cir- 
cular tube of boiler iron, 5} fe in diameter and 400 ft. long, 
which tube had been made at the Messrs. Stephenson’s works, 
and which was intended to be used as a blast receiver at the 
Consett Ironworks. 

Although iron bridges were not adopted in France until seve- 
ral years after they had been in use in Englund, the Freuch en- 
gineers were early in the field with nique for such struc- 
tures, some of which were to have been of colossal jons. 
M. Callippe designed a wrought-iron arch of 656it. s in 
1779; in 1782, M. Montepetit ed two wrought-iren 
arches, each of a span of 213$ft., for erossing the Seine in 
Paris; another design, published by M. Aubry in 1782, was for 
a wrought-iron arch of 318}ft. opening; and in 1810, M. 
Bruyére exhibited a design for afoot bridge in front of the 
Hotel des Invalides, the intended span, also in wrought iron, 

426 ft. 6 in. 

The celebrated iron bridge erected by Mr. Rennie over the 
Witham, at Boston, had a span of 86 {t., with a rise of 5 ft. 
Dempsey gives these dimensions as respectively 100 ft. and 4 ft. 

The tabes of tubular bridges are painted nearly white, so as 
to increase the radiation and to diminish the effects of alternations 
of temperature. 

Captain Tyler, of the Royal Engineers, found that whilst the 
girders of the Spey Viaduct took * anent sets” of }4 in. and 

4 in. respeetively under given , vein, of the former and 

in. of the latter deflection were recovered im the space of one 
month after the trials, the girders having gradually returved, 
by these amonnts, towards their original form. 


The aqueduct at Spoletta, over the torrent of the Moraggia in | ,0)i¢ limest 


Italy, was completed in the year 741. It had ten gothic arches 
of a span of 70ft. 4in. each, supporting a second series of 
smaller arches. The height from the water to the top of the 
parapet was 426 ft. 6 in., being nearly twice higher than any other 
aqueduct ever constructed, excepting that at Roquefavour, 
France, which stands 270 ft. above the water. 








Mr, Warrwortn axp THE War Orrice.—A letter which 
Mr. Whitworth addressed to the Earl de Grey and Ripon, upon 
the report of the Armstrong and Whitworth Committee, has Just 
been published. Mr. Whitworth says:—“ Viewed as a whole, 
and making due allowances for the manner in which the com- 
mittee was constituted, 1 am not dissatisfied with the report. 
Through its carefully worded details there is no difficulty in per- 
ceiving that my system of artillery has maintained a decided 
superiority over the several systems of Sir William Armstrong : 
Ist, in range, commencing at I° or 2° of elevation; 2nd, in ac- 
curacy beyond short ranges, where all were necessarily much on 
a par; 3rd, in penetration and consequently destructive effect at 
probable fighting ranges; 4th, in shrapnel as against segment 
shell; 5th, in case shot; 6th, in endurance when fired at, and 
when under bursting strain; 7th, in simplicity of construction ; 
8th, in the cost of the projectiles and fuzes, and their freedom 
from liability to injury.” After criticising at some length the 
details and performance of the “several systems of his rival,” 
Mr. Whitworth concludes as follows:—“ Your lordship will per- 
ceive, from what I have written, thai according to my view no 
system of rifled artillery can be considered right which has not 
full powder charges, as service charges, and which has not the 
rotation and the length of projectile requisite to get out of these 
powder charges their maximum effects in range, penetration, 
and accuracy. Tested by this definition, Sir William Arm- 
strong’s muzzle-loading 70-pounders are deficient in powder 
charges by 50 per cent., in rotation by 100 per cent., and in 
length of projectile by from 50 to 75 per cent.” 

AuwAY WeEar.—Dr, Angus Smith, when travelling ina 
railway carriage, collected some of the particles of dust whieh 
floated in the air, and which seemed to shine with a metallic 
lustre. On examination these are said to have been found to be 
in reality rolled plates of iron, which seemed to have been 
heavily pressed and torn up from the surface. 





THE IMPERIAL MEXICAN RAILWAY. 


A CORRESPONDENT of the Builder says: Passing on from 
Cordova, the line of the Imperial Mexican Railway crosses a 
rough and rolling country, slightly undulating in places, at 
others deep “ barrancas” at frequent intervals, and crosses the 
main road near Fortin at an inclination of 2 in 39 or 1 in 40, 
for a distance of 7 miles; it then crosses the wild, magnificent, 
and celebrated ‘‘ Barranca de Metlae,” om a bridge or viaduct 
1100 ft. or 1200ft. long, 360 ft. high, above the bed of the 
ravine, and which viaduct is » be en of eae arches of 
300 ft. span each, the piers to jally composed of masonry 
and ironwork, and he appar dead my the bridge itself to form 
the roadway is also to be of iron. 

The Barranca de Metlac Viaduct will be, when complete, the 
loftiest viaduct in the world, far surpassing any other yet con- 
structed, either in the Old or New World. ‘The highest viaducts 
on any of the English lines of railway are as follows: The Llan- 
gollen Viaduct, Shrewsbury and Chester Railway, 1530 ft. long 
and 150 ft. high; the Ballochmoyle Viaduet, near Glasgow, 
162 ft. high; the Hownes Gill Viaduet, Stockton and Darlington 
Railway, 730 ft. long and 162ft. high; and the Crumlin 
Viaduct, in South Wales, of iron lattice-work, one-third of a 
mile long and 200 ft. high. 

On the continental railways, the loftiest viaducts are the Kalte 
Rinne, Semmering Railway, 150 ft. high; the Sitter Viaduct, 
St. Gall and Appenzale Railway, iron lattice, 560 ft. long, and 
200 ft. high; the Elster Viaduct, Saxony, 229 ft. high; and the 
Goltzsch Viaduct, also in Saxony, 1800 ft. long and 256 ft. 
high. 
On the American railways, the highest viaduct is High-bridge, 
at Portage, New York, constructed of timber, on the American 


trestle principle, and that is 800 ft. long and 234 ft. high, with 


bays of 50 ft. span each. 

rom Cordova, passing along the “Camino Real” to the 
Barranca de Metlac, the country is uninteresting, and the lands 
are cultivated principully with coffee, maize, tobacco, beans, &e., 
and you pass by a few Indian huts, ranchos, and Indian villages, 
until you arrive at Fortin, large roadside village, passing which 
you descend the steep hill that leads to the bridge that crosses 
the Barranca. . 

In this place I may mention there are many bridges, some 
rather large ones, erected on the “Camino Real,” that eross 
mountain streams, whieh are constructed with small rubble 
masonry, such as previously described. 

The Barranca de Metlac is an immensely wide and deep 
ravine or chasm, varying considerably in width; im places where 
it was proposed to eross originally with the Imperial Mexican 
Railway, it was 1300 ft. wide and 400 ft. deep: the sides are 
formed in some places of steeply shelving banks, at others rugged 
eliffs and perpendicular rooks, composed of whitish limestone, 
and abounding with fossils and petrifactions: the sides, where 
they are not precipitous, are covered with trees, brush, creeping 
plants, and long grass, and the river below winds about in a 
small and narrow bed through this immense chasm, except when 
the ‘ temporales” prevail, and then the wash of the accumulated 
water turns this otherwise quiet stream into a tempestuous anc 
overwhelming torrent of vast extent and mighty power. 

The subject of the origin of these “‘ barrancas” or ravines has 
formed a matter of interesting inquiry by many eminent geo- 
logists, as many of them exist in Mexieo, about the “ Tierra 
a the _— of the United States : os) - 
other 8. It is supposed by some that when the is 
at pe lh the apr hoon causes cracks or fissures in 
the earth, 3 ft, deep or more, and during the rains the sudden 
rush of water deepens them gradually, until, as in one instance, 
a chasm, measuring more than 55 ft. deep, 300 yards long, and 
varying in width from 20 ft. to 180 ft., was the result of twenty 
years’ experience; but the walls of this chasm were ve posed 
clay and sand, and therefore easily abraded and washed away; 
but in the instance of the Barranca de Metlac the walls are of 
one rock. 

I am more inelined to advocate the that earth 
are the causes of these remarkable pm 4 as ‘mus ee 
territory in which several grand and imposing voleances exist, 
and is therefore very much subject to earthquakes 
less magnitude. During my residence I ex 
several s| a shoeks, which simply had the effect of ringing the 
eathedral bells, and aroused from their slumbers some of the 
timid and even the lazy Mexicans. Previous to my arrival in 
the country, at the latter end of 1864, a serious one was felt, 
doing considerable damage at Orizaba and other places, shaking 
down buildings, and killing several of the inhabitants ; at Cordova 
it cracked some of the walls of the houses, the cathedral, and 
eburches. 

But the country bears evident marks of volcanic action. The 
level and extensive prairie around Cordova has several ominous 
chasms or ravines in it, many of whieh have been converted into 
streams of water, conveying away the heavy rains that fall during 
the continuance of temporales, but in the hot season are dry ; 
many of these will doubtless, in course of time, from the heavy 
wash and abrasion of water, become “ ” of more or less 
magnitude, oe | equal in proportion to the celebrated Bar- 
ranca de Metlac. The phenomena that produce earthquakes are 
known to geologists to oceasion elevations and depressions on the 
earth’s surface, some creating mountains of considerable eleva- 
tion, and, pari passu, deep valleys and ravines; on the plain of 
Malpais, Mexico, the voleanic mountain Sorullo rose from the 
level of the plain between the years 1759 to 1780 (a period of 
twenty-one years) to an altitude of 1600 ft.; and, in the same 
ocality, a series of minor volcanoes sprang up, the least of which 
jis 300 ft. high. 





Tue Hercvuies.—The Lord Warden, engined by Messrs. 
Maudslay, Sons, and Field, was floated out of dock at Chatham 
last week, and the keel of the Hercules, 12-gun ship, of 
5226 tons and 1200 horse power, is immediately to be laid in 
the same dock. 

SreaM Firg-Enemses—The East India Dock Comps 
have ordered one of the steam fire-engines, made by Mr. William 
Roberts, of Millwall, to be placed in each of their docks. The 
dock company’s two floating steam fire-engines were fitted by Mr. 
Roberts in 1860. 


CLEVELAND Irnon.—The iron trade of Cleveland continues 
with steady steps to inerease, and to beeome the more and more 
developed. Most of the old firms have new furnaces in the 
course of erection, or are about to prepare for them; and new 
firms are, at short intervals, coming into existence. We have 
now two furnaces at Cargo Fleet, belonging to Messrs. Swan, 
Coates and Co., both in blast. Last week we reported that one 
of them had blown in; the other blew in on Wednesday ; and on 
the following day the first tapping was performed, in the 

resence of the proprietors and a great many of their friends, 

e understand that the whole of their make is sold for some 
- to —. This company are me for the foundation 
or another furnace, their engine power being equal to it.—Dar- 
lingtow and Stocktow Times. F 

Swrimine.—The Ventnor Times states that Mr. Wray, a 
tradesman of Newport, in the Isle of Wight, undertook last 
week to swim for a wager from Newport to Cowes, a distance of 
four miles, without resting or stoppmg. He accomplished the 
feat in five minutes under two hours. 

PENN v. JACK.—The appeal of Jack and Messrs. Bibby came 
again before the Lord Chancellor on Wednesday. After hearing 
the appeal, and on being informed that the case would not be 
concluded by Saturday, the Lord Chancellor, in anticipation of 
the change of Government, said that he was not likely to pre- 
side in this court after that day, and therefore it would be use- 
less to proceed with a case which he should not have to decide. 
The case was then stopped and the court rose. 

Latent Drrects in Rarpway CarriAces.—In the Court 
of Queen’s Bench, on Wednesday, the case of Redhead v. the 
Midland Railway Company raised a very important question as 
to the liability of railway companies to their passengers for in- 
juries sustained in accidents arising from latent defects in rail- 
way carriages. The plaintiff sued for an injury he had suffered 
in an accident occasioned by the breaking down of the carriage 
in which he was travulling, caused, as it turned out, by a latent 
defect. in one of the wheels, which, as the jury found, could not 
have been discovered by the company, even in the exercise of 
ordinary and reasonable care. The learned judge before whom 
the case was tried (Mr. Justice Lush) thought the company not 
liable, and that was the question now argu The court said 
the point was so important that they should take time to con- 
sider their judgment. 

Roap-mMAkInG rN Nisw ZEALAND.—Mr. E. Dobson, the 
engineer of the Lyttelton and Christchurch Railway (New 
Zealand), has supplied to the Secretary for Public Works a very 
complete report en the practicability of constructing a bridle 
road through the gorge of the Otira, and on ,the character of 
the passes through the dividing range of the Canterbury pro- 
vinee. The — is accompanied by forty maps and engrav- 
ings, showing the character of the country, and is altogether an 
exceedingly interesting one. The line of road advocated by Mr. 

bson, and which is now in course of construction, leads 
through Arthur’s Pass, and has a length of 4 miles 10 chains, 
Its estimated cost is about 32652. The track is to be cleared 
for a width of 10 ft., and the swamps are to be drained and 
metalled for a depth of 6 ft. The side cuttings are to be made 
6 ft. wide. At some parts of the route side cuttings are not ad- 
missible on account of the nature of the strata, and in such 

laces the road will have to be led through tunnels or upon em- 
nkments formed on the natural slope. ‘The road rises 2191 ft. 
from its lower end to the summit, and the difference in level of 
the two ends is 1195 ft. Some of the inclines are necessarily 
rather severe. In the course of his report, Mr, Dobson gives 
two designs for a bridge over the River Bealy, in connexion 
with the above road. Qne of these is for a timber superstruc- 
ture, supported by wrought-iron arched ribs of 100 ft. span, and 
the other is for a suspension bridge composed of lattice girders 


su by two wire ropes, these ropes crossing under the , 


irders carrying the roadway. 

Tue TaHames Empanxment.--Mr. George Furness, the 
jon of the Thames Embankment between 
Westminster and Waterloo, has been compelled to suspend pay- 
ment. It bas been remarked by many that much money must 
have been lost by the piecemeal manner in which the works have 
been carried on, and in wage bee work by a series of lateral 
dams from the river wall to the shore, these having to be re- 
moved successively us the work advanced. It is doubtful, too, 
whether the ge the river wall executed in so many 
different sections will make good joints, and not show cracks 
after these sections have been connected together. 

San Francisco.—lIt is projected in California to supply San 
Francisco and a dozen interior towns with water from Lake 
Tahoe, which lies in the Sierra Nevada Mountains, and is, by 
1500 ft., the highest bedy of water ever navigated by a steam- 
boat. The length of the aqueduct, if it is extended to San 
Francisco, will be 200 miles. 

Prrro_aum Fur..—<An official report of the result of Mr. 
Richardson's experiments in burning leum and other oils 
as a fuel for marine and locomotive engines has been forwarded 
from Woolwich to the Board of Admiralty, and it is stated that 
the report was exceedingly favourable. It is now suggested 
that a couple of boilers, one fed with ordinary fuel and the other 
fitted up internally according to any method which Mr. Richard- 
son may direct, should be tried competitively. 

Tux Bissett Trock.—The Krupp’s steel tyres on the 
driving and trailing wheels of one of the engines on the Metro- 

litan Railway have been recently turned up after having run 

,000 miles, whilst the tyres on the wheels of the Bissell’s truck 
belonging to the same engine do not as yet show any signs of 
wear. The engines, of which we recently gave a description 
weigh 42 tons, of which 30 tons rests on the four coupled and 
12 tons on the four bogie wheels. The coupled wheels are 5 ft. 
9in. and the truck wheels 3 ft. in diameter. . 

Tux Rio Puare.—The most encouraging accounts of busi- 
ness and of the progress of railways continue to arrive from 
Buenos Ayres. The first section of the Central Argentine 
Railway has been opened. Mr. Wheelwright has despatched an 
engineer corps to trace a railway line northward to the borders 
of Bolivia. Three great tributaries of the Parana, the Salado, 
the Vermejo, and the Pileomayo rivers, reach northward to or 
into Bolivia, the last-named reaching past the Bolivian capital 





and near Potosi. 
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A TRIP TO AMERICA.—No. V. 


No cliffs, white or black, tower along the Atlantic 
coast. From Maine to Mexico are nearly two thousand 
miles of sandy beach, often broken into islands with 
wide lagoons behind them, and almost everywhere, 
still further inland, are wastes of stunted pines. The 


continent appears to be yet emerging from the sea, if 
indeed it be not sinking, for the amy subsidence of 


the New Jersey coast appears to have been ascertained 
beyond doubt. From New York, along this coast to 
the Delaware capes—May and Henlopen—the wastes 
of sand, broken by dreary vistas of lagoons; are in 
strange and most unfavourable contrast to the stately 
shores of England. Delaware Bay, into which Lord 
De la Warr sailed in 1610, opens eighteen miles upon 
the sea, between Cape May on the north and Cape 
Henlopen on the south, and it widens inland to thirty 
miles, its length being upwards of seventy-five miles. 
A few miles within the le of its sandy headlands is 
the Delaware breakwater, made by the American 
Government at a cost of about 600,000/7. This work, 
formed after the manner of those of Plymouth and 
Cherbourg, is, however, upon a smaller scale, being 
but 915 yards long at the bottom, and placed in but 
30 ft. of water. The neap tide here is but 4 ft. 8 in., 
and the greatest rise and fall ever known was but 8 ft. 
10in. The top of the breakwater is 30 ft. wide, and 
is carried up 3 ft. above high tide. Its inner slope is 
at 45°, while its sea face, down to 19 ft. below the 
highest spring tides, slopes 3 to 1, the remainder of 
the distance to the bottom being inclined 1 to 1. The 
lower portion of the work, up to 6 ft. below the lowest 
tides, is formed of stones weighing from } to 2 tons, 
with the exception of the face stones, which are of a 
minimum weight of from 2 to 3 tons on the slopes. 
The upper portion of the breakwater is formed of 
stones weighing $ to 24 tons, with stones on the sea 
slope of at least 3 tons weight, the upper surface being 
formed of blocks weighing from 4 to 5 tons. The 
direction of the breakwater, which is in a straight line, 
is W.N.W. by E.S.E., and the passage-way between it 
and the southern shore of the bay is 1000 yards wide. 
At a distance of 555 yards from its W.N.W. extremity, 
its line of prolongation intersects a similar work, of 
less length, called the ice-breaker. The ice-breaker 
extends for 500 yards in a direction W. by S. and E. 
by N., a clear passage-way of 350 yards being open 
between it and the main breakwater. The sheltered 
ground is of small extent, but it affords sufficient refuge 
for coasting vessels putting in from stress of weather. 
The depth of water behind the breakwater is from 
18 ft. to 24 ft. 
The Delaware Bay receives the waters of the 
Delaware River, a stream 300 miles long, from its 
source in the State of New York, 1886 ft. above the 
sea, to its entrance into the bay, or 375 miles, including 
the length of the bay, to the ocean. It is navigable to 
Trenton, 30 miles above Philadelphia, and at the last- 
named city it is nearly a mile wide, and has a depth of 
60 ft. near the wharves, which extend for about five 
miles up and down the river. At the Water Gap, far 
north of Philadelphia, the river breaks through the 
Kittanning Mountains by a tremendous chasm, two 
miles long, with rocks towering 1600 ft. on either side. 
Here the river is of great depth, and it contains some 
fertile and beautiful islands. Lower down the count 
abounds in iron and the purest anthracite coal. 
Still lower down the river is broken by rapids, those 
extending from Easton to Trenton, 60 miles, having 
a fall of 165 ft. At Trenton, up to which the tide 
flows, there is a fall, furnishing immense water power. 
For the present we will keep to the tidal portion of the 
river. 
In that delightful land which is wash’d by the Delaware’s 
waters, 
Guarding in sylvan shades the name of Penn the Apostle, 
Stands on the banks of its beautiful stream the city he founded ; 


There all the air is balm, and the peach is the emblem of beauty, 
And the streets still re-echo the names of the trees of the 


forest 
As if they fain would appease the Dryads, whose haunts they 
molested. 
EVANGELINE. 


large suburbs o 


the days when the red man and the white were friends, | 1825. The American edition is also to be found in 
and when America, if not the El Dorado of the Eng-| the Great Seal Patent Office, Chancery-lane. It was 
lish emigrant, was the land of peace and abundance. | entitled, “The Abortion of the Young Steam-En- 
The city stands upon a plain, elevated 64 ft. above the | gineer’s Guide,” a title from which it might be in- 


Delaware, and the Schuylkill, between which rivers, | ferred that the author was out of his wits, but his 


racter. And, as in New York, there are neither fo; 


Are 


“villas,” &c., being unknown. 


had such paddles.. 


large inland and a considerable foreign commerce, and | worked at from 190 Ib. to 220 1b. pe square inch. 
0 


has very éxtensive manufactures, and it rivals New | Before going into all the particulars 


this engine, we 


York as the literary and artistic metropolis of the New | will devote a little attention to the condition of Ameri- 


World. Founded by Penn, it still possesses his former 


can steam-engineering at the beginning of the present 


residence, a respectable two-storey brick house, just out oe Evans’s book, although its date was not 
u 


of Market-street, and near the Delaware; and the 
venerable walls of this early Quaker mansion, upon 


rinte on it, is believed to have been published in 


805, and it is to be found in the library of the Insti- 


which great warehouses now frown down upon| tution of Civil Engineers, both the Philadelphia edition 





all sides, yet recal the sylvan beauty of the past, and|and also a French translation published in Paris in 





nor smoke. The streets running east and west nearly 
all bear forest names. Market-street, 100 ft. wide, is 
the principal, and while we have to the north Market, 

i" Race, and Vine, to the south are Chesnut, Wal- 
nut, Spruce, and Pine, with Larch, Beech, Sycamore, 
Locust, Linden, and almost every other name by 
which trees are known. The streets extending from 
north to south are nearly all numbered, First-street, 
Second-street, &c., up to West Twenty-sixth or even 
West Thirtieth. And there is a peculiarity about the 
numbering. To every street, between (say) Fifth and 
Sixth streets, or Seventeenth and Highteenth streets, 
100 numbers are allotted, although, as a rule, not 
more than sixty or eighty houses occupy both sides of 
the way. Thus the first house west of Tenth-street is 
numbered 1001, while the last house, next Eleventh- 
street will be perhaps 1078. Yet the first house west 
of Eleventh-street is numbered 1101. In this way the 
numbers are easily found, the system of cutting up a 
long street into a hundred “places,” “ terraces,” 


Philadelphia was the home of Franklin the philoso- 
pher, of Evans the engineer, and of John Fitch, who 
experimented, not without success, with steamboats as 
early as 1788. There are no scaled drawings of his 
boat, but it was 60 ft. long. Its boiler, although we 
have no drawings of it, was described asa pipe boiler ; 
and John Stevens, who patented the first multitubular 
boiler in England, in 1805, alleged that he, too, had 
constructed a “ pipe boiler” even before Fitch, in 1788. 
On the 12th of October, of that year, Fitch’s boat made 
the run from Philadelphia, up the Delaware, to Burling- 
ton, a distance of twenty miles, in three hours and ten 
minutes, or at the rate of upwards of six miles an hour, 
up stream. Thirty persons were on board, and a con- 
siderable number of these, including several of the 
most influential citizens of Philadelphia, united in a 
written statement of the trial, which was published, 
and which may be conveniently referred to in the first 
volume of the Report for 1849 of the United States 
Patent Office, page 555. The boat was propelled only 
by steam. No description of the machinery was given, 
and we do not know, therefore, whether a paddle- 
wheel at the stern was employed, or whether Fitch’s 
framework of jointed paddles, driven by cranks, was 
adopted, for at least one of his boats on the Delaware 


In 1804, Oliver Evans, who was the father of the 
American system of automatic flour-mill machinery, 
as now used in nearly every part of the world, made 
a high-pressure dredging-boat, which he ran, upon 
wheels temporarily fitted to it, from his workshop in 
Philadelphia: to the river, a distance of upwards of a 
mile. The wheels were driven by chains from the 
the paddle-shaft at the stern of the boat, and several 
stern-wheel boats are still in use on the smaller Ameri- 
can rivers. This dredging-boat, which Evans named 
the Oructor Amphibolis, has been claimed by the 
Americans as the first locomotive. Cuguot had, how- 
ever, made a real road-locomotive many years before, 
and this is still in existence in the Conservatoire des 
Arts et Métiers at Paris, while Watt had turned his 
attention to the subject, and Murdoch had made a toy 
locomotive, still in existence, in 1787. Evans’s dredg- 
ing-machine brought him into considerable notice as 
: an engineer, and it was not long afterwards when he 
Philadelphia is now a city of nearly 800,000 inhabi-}had an opportunity of buildin 


‘ a large pumping- 
tants, being as oe as New York exclusive of its engine for the Philadelphia 


aterworks, an engine 
rooklyn and Jersey City. It has a| which, with a 20 in. cylinder and 5 ft. stroke, was 


from two to four miles apart, the city extends for six | preface explains that it had been in consequence of 
or eight miles north and south. The Schuylkill, which | seri i 
extends upwards of 100 miles into the great anthracite 
basin of Pottsville, jos the Delaware about five miles 
below Philadelphia. East and west, between the two 
rivers, are long lines of wide parallel streets, shaded 
with trees, and presenting almost endless vistas of | of the high-pressure engine, Evans’s preference bein 
lofty warehouses, shops, and mansions, many of them, 
although perhaps less costly than some of those in New 
York, being nevertheless of a highly embellished cha- 


serious disappointments that he had been prevented 
from bringing out a larger andmore complete work. The 
“ Abortion” contains, however, a very complete and 
generally correct account of the properties of steam, 
and aclear and practical statement of the advantages 


for steam of 1501b. pressure, cut off at one-thir 

stroke. It was in no respect a frivolous or shallow 
production, but, making allowances for the state of 
knowledge sixty years ago, it was a book every way 
worthy of a careful and practical engineer. Evans 
had one of his engines at work in 1799, grinding 
plaster, and it was one of but three steam engines of 
considerable power then in use in America. It may 
have been to some extent the example of this engine 
which induced B. H. Latrobe, the engineer, to report, 
in 1799, in favour of supplying the city of Phila- 
delphia with water pumped from the Schuylkill by means 
of steam power, but Latrobe preferred the Boulton 
and Watt engine, working at hardly more than atmo- 
spheric pressure. It was at that time a most difficult 
matter to secure even tolerable workmanship in the 
construction of steam engines, and those designed by 
Latrobe were considered very large. Nicholas Rose- 
velt, of New Jersey, was the contractor for their con- 
struction, the contract being for the sum of 30,000 
dollars. The two engines were to be of a capacity to 
raise three million ale -_ 50 ft. high per day. 
One, set up at the side of the Schuylkill river, 
had a 40 in. cylinder and 6 ft. stroke, while 
the other at Centre-square had a 36 in. cylin- 
der and the same stroke. The first engine 
had a 17} in. and the second an 18 in. double- 
acting force-pump, the stroke in each case being 6 ft., 
and the pump was worked direct. from the steam- 
piston, although there was a beam and fly-wheel. The 
cylinder of the centre square engine was cast in two 
lengths, with a copper joint secured by a cast-iron 
band 18 in. wide around the cylinder. Nearly four 
months were consumed in boring it out fit for use. 
The main lever beams, the fly-wheels, shafts, and 

arms, and cold-water pumps were all made of wood. 

The boilers were of wood also, 15 ft. long, 9 ft. wide, 

and 9 ft. high, being fornied of 5 in. white pine planks, 

securely bolted through and braced on the outside. 

The firebox inside the boiler was of wrought iron, with 

vertical flues of cast iron, but subsequently a cast-iron 

boiler was substituted. At this time no wrought-iron 

sheets larger than 3 ft. by 1 ft. 3 in. could be had, and 

they had to be trimmed square by the purchaser. The 

castings were patched with gun-boring cement and 
hard solder, and the pump-barrels had to be lined with 

sheet copper before they could be made air-tight. The 
duty of these engines was 9,000,000 lb., lifted 1 ft. 

high for each bushel of bituminous coal burnt. They 

made sixteen revolutions per minute, and pumped re- 

spectively 1,474,560 and 9€2,520 ale gallons in twenty- 

four hours, the height pumped by the smaller engine 

being 50 ft. The water was taken from the Schuylkill 

through an open canal, and thence through a tunnel 

6 ft. in diameter and 300 ft. long, driven in solid rock, 

to the well of the Schuylkill engine, a putmp-well 39 ft. 

deep and 10ft. in diameter, in which the pump was 

laced, and from which the water was raised into a 

rick tunnel 6 ft. in diameter and 3144 ft. long, extend- 

ing to Centre-square, 


The engine-houses were very handsome marble 
buildings, but the engines were sorry affairs, always 
giving trouble, and in 1810 it was resolved to replace 
them with new pumping-machinery at Fairmount. 
Here was started in 1815 a Boulton and Watt engine, 
made, however, in the States ; and here, in December 
of the same year, was started Evans’s engine already 
referred to. The Watt engine had a 44 in. cylinder 
and 6 ft. stroke, working a double-acting 20 in. pump 
‘of the same stroke. The water was forced through a 
16 in. cast-iron main, 239 ft. long, into the reservoir 
102 ft. above the Schuylkill. This engine had a cast- 
iron boiler with wrought-iron internal flues or“ heaters,” 
placed vertically. Upon its trial it lifted 1,733,632 
ale gallons 102 ft. high in 24 hours, the consumption 
of wood being seven “ cords” of wood, each cord being 
a pile of sticks, anid measuring 8 ft. long, 4 ft. wide, 
and 4 ft. high, the heating value of a cord: of wood 
being equal to about half a ton of coal. The boiler 
carried from 24 lb. to 4 1b. pressure. 


Oliver Evans’s engine was started December 15th, 





1817, It had, as already said, a single horizontal 
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steam cylinder, 20 in. in diameter and 5 ft. stroke, 
driving a double-acting pump of 20 in. bore and 4 ft. 
stroke. This engine was supplied from four cylinder 
boilers 24 ft. long and 24 ft. in diameter, and the work- 
ing pressure was 220 lb. per square inch, contrasting 
remarkably with the old wooden boilers previously em- 
at the old Schuylkill and Centre-square Works. 

pon one trial the engine, running at 243 revolutions 
per minute, pumped 3,072,656 ale gallons in twenty- 
four hours, with a consumption of thirteen cords of 
wood, The lift, it will be remembered, was 102 ft. 
The working pressure, during this trial, was 194 lb. 

r square inch. ‘The reservoir then contained 
3,266,126 ale gallons, and the water was taken for a 
distance of 9537 ft., or nearly two miles, to the dis- 
tributing chest in Centre-square. The mains were six 

el ranges of wooden logs, five of them of 6 in. 
re and one of 44 in. 

Although considerable improvements had been made 
in making machinery since the first works were 
completed in January, 1801, there was no furnace that 
could cast the Watt cylinder entire, with its nozzle 
pipes, although the whole weight was but 35 ewt. The 
nozzle-pipes had, therefore, to be cast separately and 
bolted on. The heavier castings were made at the 
Weymouth blast furnace, in New Jersey, and the 
smaller = at the Eagle furnace, not long since a 
ruin in Philadelphia, and now probably swept away 
from sight. 

In 1819, Evans’s workshops, which represented a 
lifetime of toil, often mixed with sad disappointment, 
were burnt to the ground. He was in New York at 
the time, and when the news reached him he took to 
his bed and died, in a few days, of a broken heart. 

Fairmount is now a picturesque spot, with steep 
winding walks up the river face of the reservoir; and 
below, overhung by precipitous rocks nearly hidden 
by shrubs and hanging plants, is a level lawn with 
lofty shade trees and cool fountains, while in front is 
the long cascade of the Schuylkill dam, and the beau- 
tiful expanse of the river, with islands and wood reach- 
ing away up towards the Wissahickon, a lovely valley 
like that of the Dove or the Dargle, and near which, 
on an island in the Schuylkill, the cottage in which 
Ireland’s best son of song, the world-tamed Tom 
Moore, for some time lived during his residence in 
America. Was it not here that he wrote “The Wood- 
— Those who have seen the spot, and Birket 
Foster’s delicious bit of representation in Longmans’ 
edition of “ Poetry and Pictures” (1858), will assuredly 
refer it to the Schuylkill, below the Wissahickon : 

I knew by the smoke, that so gracefully curl'd 
Above the green elms, that a cottage was near, 

And I said, If there’s peace to be found in the world, 
A heart that was humble might hope for it here. 


The Fairmount dam crosses the river diagonally at 


a point where its width is about 900 ft., the line of 


overflow of the dam being 1204ft. It ponds the 
water back to a distance of six miles, and affords a fall 
varying from 6 ft. to 14 ft., according to the tide below 
the dam. Not only is the water for the supply of the 
city taken from this great reservoir, but the fall is 
turned to account in divide eight breast wheels and 
four large Jonval turbines, which pump the water into 
the high reservoir. The dam was made by a Mr. 
Cooley, in the years 1819, ’20, and ’21, and cost, with 
head-race, locks, &c., only 30,000/. The wheel and 
owt houses are handsome buildings, and the eight 

reast wheels, all of them 15 ft. wide, are from 15 ft. 
to 18 ft. in diameter, and drive each a double-acting 
16 in. pump, the stroke varying from 44 ft. to 6 ft., 
while the wheels make from 11] to 14 revolutions per 
minute, inversely as their diameter. One of the tur- 
bines is 7 ft., and the three others are 9 ft. in diameter. 
Drawings and descriptions of these are given in Evat- 
NEERING for April 27th last, page 269. 

Besides the water-wheels at Fairmount, there are 
three steam pumping stations, which, not long since, 
contained eight engines, of which the largest was a 
60 in. cylinder and 10 ft. stroke, two were Bull engines 
of 50 in. and 8 ft. stroke, and the others were rotative 
engines of 30in., 36 in., and 42in. cylinder and 6 ft. 
stroke. 

A little below the Fairmount woks stood Wernwag’s 
great timber bridge, of a clear span of 340 ft., at a 
narrow point in the Schuylkill. ‘There is a drawing 
and ‘deseri tion of this great work in the American 
edition of Rees’s Encyclopadia. It stood for but a 
few ‘years before it was burnt down. It had five arched 
trusses, with a double roadway, and a foot path on 
either side, the whole roofed and sheathed, so as to 
form agreat'tube. Professor Mahan thus describes the 
work. “The bridge frame consists of five ribs. Each 
“ rib is an open-built beam, formed of a bottom curved 





“ solid built beam and of a single top beam, which are 
“connected by radial pieces, diagonal braces, and in- 
“clined iron stays. The bottom curved beam is com- 
“posed of three concentric solid-built beams, slightly 
“ separated from each other; each of which has seven 
“courses of curved scantling in it, each course 6 in. 
“thick, by 13in. in breadth; the courses, as well as 
“the concentric beams, being firmly united by iron 
* bolts, &c.” 

TheAmericans areremarkable fortheir timber bridges, 
of which there are hundreds of miles in the country. 
At one time there were four bridges of from 3000 ft. 
to a mile in length each, over the Susquehannah River 
not far from Harrisburgh. Next to the Schuylkill- 
bridge, just described, the largest span yet executed in 
the States, in timber, was that of the Cascade bridge, 
on the Erie Railway, about 200 miles from New York. 
This bridge was. completed in 1848, and taken down 
in 1860. It crossed a chasm 350 ft. wide at the top, 
and 170 ft. deep. The single span was formed of four 
parallel timber arches of 275 ft. clear span and 45 ft. 
rise, the width from outside to outside of the arches 
being 25 ft. One arch was on each side and two 
were in the centre of the bridge. Each arch was 
formed of two concentric oak ribs, 10 ft. apart, with 
radius-posts and tie-rods every 7 ft., and diagonal 
braces between. The spandrils were upright posts 
reaching to the roadway, to which some of the radius- 
posts were also extended. The eight arched ribs were 
formed of 8 in. by 9 in. timbers, and at the centre or 
crown of the arch each rib was composed of six of 
these timbers, making a beam 18in. by 24in., and 
the eight ribs thus had a sectional area of 3456 square 
inches, or 24 square feet. Towards the abutments the 
number of Sin. by 9in. pieces in each arch was 
gradually increased, the number at the abutments 
being twice that at the crown, and the total section 
there 6912 square inches, or 48 square feet. The 
bridge was on a gradient of 1 in 88, up which the 
trains were not only drawn but pushed by engines 
of from 30 to 35 tons weight. After the bridge had 
been in regular use for seven years without repairs of 
any kind, beyond wedging up some of the braces, the 
following deflections were noted: A train of twenty- 
seven goods wagons, each on eight wheels and mn 
ing 15 tons, was drawn by a 30 ton engine, and 
pushed by a 35 ton engine. When the first engine 
came on the western haunch of the arch, the crown 
rose gthin., when the engine reached the crown it 
settled 3th in. below its original level, when only the 
wagons remained on the crown the depression was 
$in., and when the 35 ton pushing-engine reached 
the crown the deflection was 1}in. The lateral 
motion at the centre did not exceed three-sixteenths of 
aninch. ‘Two engines and their tenders, weighing 
respectively 54 tons and 52 tons, produced separately 
a deflection of 1d}in. at the crown when at rest and 
1}in, when in motion. When one engine was on each 
haunch, the crown remained at its original level. 
When coupled together, the total weight of 106 tons 
coming upon one haunch lifted the crown 1}in., and 
when it reached the crown it caused a depression of 
24in., making a total range of 3$ in. 

The total weight of the bridge was not quite two tons 
per running foot, aid although it had a double line of 
rails over it, one was laid within the other, so that but 
one train could cross at once, these lines opening out 
into the ordinary line at each end without the use of 
switches, only a crossing being required. Taking an 
extreme live load, however, of two tons per foot run, 
the strain at the centre of the arch would be but 
500 lb. per square inch of timber, or about one-half the 
safe load. The whole cost of the bridge was 9000/. 
Its great height and the constant danger of its 
destruction by fire induced the railway company to 
divert their line to a point above the cascade, and thus 
to dispense with the bridge, which was, therefore, 
taken down, and the timbers were found to be in many 
places decayed. Those who like to go fully into the 
subject of American timber bridges should read Mr. 
Mosse’s paper in the Transactions of the Institution of 
Civil Engineers for 1863; and another paper in the 
same volume gives a full account of the somewhat 
remarkable iron bridges which the American engineers 
are now adopting to a considerable extent, remarkable 
for their lightness and strength. 

The Philadelphia engineers were early in the field as 
makers of locomotives, William Norris began as 
early as 1828, but his first suecessful engine was not 
completed until after the Liverpool and Manchester 
trials in 1829. He, as well as Mr. Baldwin, who began 
shortly afterwards, adopted outside cylinders, and 
both houses adhered to the outside arrangement in 
upwards of 2000 locomotives made at their works, 





Norris afterwards went to Vienna, where he made a 
number of locomotives, his Philadelphia business 
being carried on at the same time, although it subse- 
quently passed into the hands of his brothers. Mr. 
Baldwin’s first locomotive was a working model made 
for Peale’s Museum, where it delighted the Quaker 
brethren in 1830, and secured for its maker an order 
for a full-sized engine for the Germantown Railway, 
and in 1831 this engine, called the “ Ironsides,” ran‘a 
mile in 58 seconds, as attested by Dr. Paterson, of, 
the University of Virginia, who was on the engine and 
noted the time. The performance was duly recorded 
in the American Railroad Journal of the time. Now, 
after thirty-six years’ practice, the Philadelphia engines 
are after the Paterson model, which we described in 
ENGINEERING a fortnight ago. 

Norris had a foreman named Harrison, who was, for 
a few years, the designer of the details of his work. 
But they fell out, and Harrison found a partner, one 
Andrew Eastwick, and began locomotive-making on 
his own account. Harrison had already worked out 
the details of the Norris engines of the class which, in 
1840-41, were adopted upon the Lickey bank of the 
Birmingham and Gloucester Railway. But all Norris’s 
engines had but a single pair of driving wheels in front 
of the firebox, and Baldwin’s had but a single pair 
placed behind the firebox, as in what are now called 
Crampton engines. The former were unsteady, the 
latter were short of adhesion, and neither was as 
powerful for goods traflic as was desirable. So East- 
wick and Harrison employed coupled wheels in addi- 
tion to the bogie, and, moreover, added compensating 
levers between the springs of the pal wheels. 
They thus produced the American eight-wheel engine 
so Bon used in that country, and, since its first 
introduction in 1846 on the South Devon Railway, 
extensively adopted on English lines. Harrison’s first 
engine on the improved principle was named for a 
large London firm, who were large shareholders in the 
Philadelphia and Reading Railway, Messrs. Gowan 
and Marx, and this engine, thade in 1839, became 
famous for its performances. 

It was but a few years later that the Czar 
Nicholas projected his great railway from St. Peters- 
burg to Moscow, and he sent his agents to America 
to examine the railway system there. Major Whistler, 
of the Government Military Academy at West Point, 
had constructed the Western Railroad of Massa- 
chusetts, a line opened in 1841, through a very difficult 
country, and the skill displayed in its works led to his 
being offered the post, which he accepted, of engineer- 
in-chief to the new Russian line. It was determined 
that all the engines and carriages should be made in 
Russia, and that the works should be carried out by 
American contractors. Upon Major Whistler’s recom- 
mendation, Joseph Harrison, of Philadelphia, and the 
Messrs. Winans, engineers, of Baltimore, were en- 
trusted with the great Russian contract, and after 
making hundreds of locomotives and thousands of car- 
riages and wagons at Alexandrowski, they were given 
the contract for the working of the finished line. Here 
they made large profits, and Mr. Harrison, the patentee 
of the Harrison or “bombshell” boiler, is now one of 
the wealthiest men in Philadelphia, while the Messrs. 
Winans are better known in England for the spirit 
with which they have entered upon a course of experi- 
ments with the “cigar ship,” experiments which have 
already cost about 100,0002. 

Here is Whitney’s wheel foundry, the finest esta- 
blishment of the kind in America for the production 
of the chilled wheels of which millions are in use on 
the American railways. The iron is selected from 
favourite brands, generally anthracite hot-blast iron, 
and is mixed so as to combine strength with good 
chilling properties, and so successful is the mixing 
that a the “tread” may take a deep chill of the 
hardness of the hardest steel, it is a most laborious 
task for a strong man, armed with a heavy sledge, to 
break the wheel. The lifting of the flasks, patterns, 
&c., is performed by machinery, and the arrangements 
are altogether of a kind far in advance of those gene- 
rally seen in American workshops. The most interest- 
ing feature of the works is the annealing apparatus. 
whereby the wheels are cooled uniformly at all parts 
alike, and therefore without the strains due to unequal 
contraction. In the early chilled wheels they were 
made with spokes, and the boss was divided iuto two 
or three segments, the opening being afterwards run 
with lead, and the boss hooped at both ends with stout 
rings of iron shrunk on hot. Then came the dise or 
double disc wheels, and these were corrugated, dished, 
twisted and formed into almost all possible shapes with 
the view of accommodating the contraction of the rim 
and boss respectively, the rim being instantly cooled 
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in the chill, while the boss retains its heat long after- 


wards. At last Mr. Whitney produced a single di 


is 


wheel, the disc being perfectly flat and stiffened by 
radial ribs at the back, the form offering no special ac- 


commodation for contraction in cooling, while th 


strength was nevertheless equal to that of any chilled 


wheels previously made. His method was to take th 


wheel from the flask, while yet red hot and barely 
“set,” and to place it at once within a deep pit. formed 
in a mass of brickwork, previously heated to a very 
high degree, and to then make all air-tight, and.to leave 
the whole affair, wheel, brickwork, and all, to cool 

radually for three days. The annealing-pits are made 


Beneath the foundry floor, and are built im a series sur 


rounding a small central cell, from which the fires are 
uP until the brickwork is at the requisite 

he walls are of great thickness, and 
the narrow door which gives access to the centre is 
made double and lined with fireclay, and is carefully 
one above 


laid and kept 
temperature. 


luted when closed. The wheels are laid 
the other in the pits, which are then closed at the leve 


of the foundry floor, the iron covers being covered with 
hot sand. The uniformity of cooling and consequent 
prevention of strain which this arrangement secures 
is me as follows. A wheel cast and immediately 
pulled from the flask, and thrown out to cool in the 


open air, cracks, after a few minutes, by its own un 
equal contraction. A wheel from the same pattern. 


cooled in the annealing-pits, and taken out onthe third 
or fourth day, will not only bear all the strain of rail- 
way work for from one to three years, when the chill 
becomes worn too thin, but it may be cut so nearly 
in two in a lathe as to leave the rim connected by but 
a thin film of iron with the boss, and yet so com- 


pletely is the iron in equilibrium that this thin film re 


mains unbroken by internal strain. Before the war 


these wheels of 33 in. diameter, the usual size for rail 


way carriages and wagons, were sold ready for the axle 
for about 27, 15s. each, and they would run from 
100,000 to 150,000 miles before requiring to be re- 
placed. They are used for the leading wheels, or bogies 
of the heaviest express engines, and are considered as 
safe as the best wrought-iron wheels fitted with Krupp’s 
Some of our readers may recollect a pair of 
chilled wheels in the Canadian department of the In- 
ternational Exhibition, which had run 150,000 miles 
under a heavy post-office van on the Grand Trunk Rail- 


tyres. 


way, and which were yet in excellent condition. 


Opposite Whitney’s great foundry is Messrs. Sellers’s 
large manufactory of engineers’ tools and of Giffard’s 
injectors. This firm are the leading makers of engi- 
Their designs bear the Eng- 
lish character for weight and simplicity, while the finish 
is of the most careful description, and quite unlike that 
All parts, instead of 
being fitted direct to each other, are fitted to standard 
Until recently, the variety of American tools 
was not to be compared with that seen in English 
workshops: there were far fewer special tools for 
ears, a neat design for the 
rung up in the States. 
C., are made upon a 
hollow cast-iron pedestal, somewhat like the pedestal- 
table, and this is furnished with a cast- 


neers’ tools in America. 


generally seen in American tools. 


gauges. 


special: work, Of late 
framing of engineers’ tools has s 
Bolt-cutters, shaping-machines, t 
legs of a libra: 
iron door, latch, &c., and internal shelves for tools, 
such as drills, taps, dies, &. 
ceedingly neat, and they are also very stiff, and are by 
no means expensive. 

At the works we have named, and at the large 
engine factories of I. P. Morris and Co., Merrick and 
Sons, and the tube works of Morris, Tasker, and Co. 
(the latter employing 1200 men), will be seen the 
Mackenzie cupola and blower, now so extensively used 
by the American founders. The cupola, which invari- 
ably has the drop-bottom, by which the “ skull,” cin- 
ders, &c., are dropped and quenched in a pit after the 
cast is over, is generally circular, but sometimes ellip- 
tical in seetion, the larger cupolas having transverse 
and conjugate diameters of 7 ft. and 34 ft., their melt- 
ng capacity being 10 tons an hour. The blast, gene- 
ally equal to 20in. or 24 in. of water, enters, not 
through separate tuyeres, but through a belt or port 
around the whole interior of the furnace. The fuel is 
always hard anthracite coal, and never coke, and the 
consumption is 1b. of coal to from 6 lb. to 10 1b. of 
iron; but the latter, generally from anthracite blast 
furnaces, requires more fuel to melt it than does Scotch 
iron. The Roitee apparatus was illustrated in Enet- 


NEERING of January 19th last, page 44. It is arotary 
foreing apparatus, or pressure engine, as distinguished 
from a fan or centrifugal machine. The experience of 
the American founders shows that, while it does its 
work perfectly at 120 revolutions, it uses hardly more 
wer required by the best fans. 
nglish patent for this blower, it 


than one-half the 
Were there but an 


These pedestals are ex- 


would be largely introduced here. As it is, no on 
c 


I 


y| who would be glad to adopt it cannot obtain it. 


e| wort 


e| a given exhaustion with less power than the straight. 
armed centrifugal fan.” The 


driven at 75 revolutions per minute by a pair of 30 in 
cylinders, with pistons of 20in. stroke. It is Mr 
Rammell’s opinion thaf the pneumatic system is prac 


among those who have used both: 
| 


other city in the world, its market-houses are’ ve 
large and fine—something, indeed, like our large 


American cities, is outrageously dear. 


> 


at the Reading railroad wharves at Kensington. 


Atlantic Ocean, not far from Cape May. 


time been held amon 
enterprise. 


its more modern mansions; while its indust; 


English visitor. 








PETROLEUM IN ASSAM. 


It would be impossible, perhaps, at the present d 


Indian empire. 


after be discovered to contain hidden wealt 
fabulous amount. 


late years attained so prominent a position in com- 
merce. 

The first recorded discovery of petroleum springs in 
Assam dated from about ten years back, when they 


river, inthe neighbourhood of Jaipore and Malloom, in 
the province of Luckimpore. In consideration of the 
difficulties of approach to, and want of means of tran- 
sport in that locality, the springs were made over under 
a rent-free lease for a period of ten years to Mr. 
Wagentrieber, the only condition being that he should 
develop these resources, and so add to the exports of 
the province. At the expiration of the lease the springs 
remained untouched, and in June last Mr. F. A. Good- 
enough applied for a grant that he might work them. 

Although the existence of petroleum in Assam had 
been so long known to Government, it appears that 
very little information had hitherto been acquired con- 
cerning the extent of the springs. The examination 
of the coal measures of Assam, by the Geological Sur- 
vey Department, under Mr. H. B. Medlicot, A.B., 
¥F,G.S., deputy-superintendent in that department, has 
brought the following interesting particulars to light. 
The greater number of pungs, or springs, occur in 
or about the outrop of the coal measures. In some, 
as that at Gabaroo (which is on an anticlinal axis of 
sub-Himalayan rocks), there is a small discharge of 
mineral water, with some gas. At the Namchik there 
is little water discharged, but more gas, and a little 
petroleum, On the Makroom river there is a very 








lias ah interest in pushing it into use; ant so the few 


our pneumatic railways are to make headway, it will be 
the while of Mr. Rammell or Sir Charles Fox 
to look into the Mackenzie blower, which will produce 


n of the Waterloo and 
Whitehall line is to be 40 ft: in diameter, and to be 


ticable only with a continuous delivery of air, and that 
the intermittent action of piston-blowing machines 
would be unsuited to the work. The action of the 
Mackenzie blower is strictly intermittent, although the 
air is acted upon at intervals no greater than the one-~ 
sixth part of a second, while as to its economy. of 
power, as compared with the fan, there is no question ' 


But we must not stay too long in Philadelphia. We’ 
may note that its entire omnibus traffic—there are no 
cabs—is conducted upon nearly 200 miles of street 
railways. It has more steam fire-enginés than any 


way stations, and its supply of gas, like that of most 
The engineer 
will be interested with the appliances for shipping coal 


Philadelphia has railways to New York, to Balti- 
more, and to Pittsburg, while other lines extend up 
the valley ofthe Schuylkill, to the Lehigh, and to eo 
It has 
water communication also in nearly every direction, 
the Pennsylvania system of canals having for a. long 
the wonders of American 
The Quaker metropolis is a fair and 
goodly city, magnificent indeed in many of its marble 
temples of learning and of commerce, and palatial in 
ie 
trade, its art, its science, and, let us add, the hospitality 
of its citizens, will long live in the recollection of the 


ay, 
and with our, as yet, imperfect knowledge on the vik: 
ject, to count over all the natural resources of our 
The extent of our Eastern possessions, 
and the uncultivated and thinly inhabited—we might 
almost say comparatively unknown—districts which 
are to be found, especially in their extreme boundaries, 
testify to the existence of regions hitherto unexplored 
by the aid of science, and which may probabl vr ye 
of a 
Many of the known mineral re- 
sources of the country are yet lying idle and unpro- 
ductive, failing to contribute to the wealth of the 
Government, for the want of communications and 
means of cheap transit from the locality of their ex- 
istence to some place where a market might be found 
for their sale; and such has been the cause why the 
petroleum springs of Assam have not long since been 
made to yield copious streams of that oil, which has of 


were found to exist on the banks of the Booree Dehung 


= 


copious discharge of inflammable gas, with more of 
petroleum. Tlie Namba pung has a very large flow of 
water, nearly at a scalding temperature, and also much 
gassboth being sulphuretted. 

I leum springs of the Makroom ‘river are 
far the most abundant, and seem well worthy of atten- 


> 


e 


f 


-| tioms: but even here the discharge is inconsiderable, 
producing a thin film on the surface of the stagnant 
pookof dirty white water; this is occasionally skimmed 


. | off by the natives, but everything is in a state of na- 
ture,no excavation seems ever to have been made to 
facilitate the discharge of the oil. The locality is in a 
small drainage depression. The whole ground over an 
Parea of many beaks square, exhales olefiant gases; in 
in the pools, which occur approximately along an east 
south-east line, the discharge of gas is so copious and 
continuous ‘that when lighted, it flames almost with- 
‘out intermission. Of water discharge there may be 
‘said tobe.mone. Both these conditions are considered 
Hto be favourable, the abundance of gas suggesting that 
‘the reservoir of liquid (if such there be) not been 
tapped, thé'little that does come being no more than 
would be caught up by the bubbling gas. On the 
other hand; Where there is a discharge of water, it is 
a fair sign that the oil has.run off. o or three ex- 
perimental borings would doubtless be warranted in 
order to test these springs, but the very disturbed con- 
dition of the rocks oul welts nowledge and 
caution on the part of those who undertake the work. 


AMERICAN BRIDGE FOUNDATIONS. 
Tue Alleghany river, at Pittsburg, has am ordinar 
width of about 1200 ft., and rises in times of great floods 
about 30 ft. above low water, a more usual rise being 
from 12 ft. to 15 ft. when the current is very strong. 
The bottom is of gravel to an unknown depth, and 

mixed with boulders and cobble stones. 

It would be impracticable to put in coffer dams, as 
they could not be kept clear of water, and they would 
be liable also to injury from freshets. __ 

The railway bridge, connecting Pittsburg and 
Alleghany City, was commenced in 1854, and com- 
pleted in about two years. Its six piers were founded 
as follows: pits were excavated by a steam dredging- 
machine, and heavy “ cribs” or square masses of 
timber work were sunk upon the bottom, and upon 
these the masonry was raised. These pits varied in 
depth from 5 ft. to 13 ft. below low water, and were 
excavated to a level bottom in each case, Each pit 
was 68 ft. long and 26 ft. wide, and the contract price 
of excavating and removing the gravel was 2s. 1d. per 
cubic yard. Bya careful use of the buckets of the 
dredging-machine, and of a large iron rake, a very 
smooth level bottom was obtained. One large stone 
which could not be removed by the means at hand, 
was sunk in a hole dug for the purpose o——- ; 

The timber eribs, or platforms, were of white pine, 
sawn 1 ft. square. They were built afloat in the river ; a 
course of 24 ft. logs beg first laid side by side to a 
width of 66 ft. A second course crossed these at right 
angles, and were strongly bolted to them, and a top 
course was again laid and bolted in the same direction 
as the bottom course. The whole formed a solid 
timber platform 3 ft. thick, and measuring 66 ft. by 
24ft. Further courses were laid and bolted in the 
same manner, but the size of the thicker platform was 
gradually taken in to 18 ft. 3in, by 65 ft. at the top, 
the masonry piers, having semicircular ends, measur- 
ing 14 ft. 6 in. thick by 63 ft. 6 in. up and down the 
stream. The number of timber courses varied with 
the depth of the water, and for the deeper foundations 
the timber work was left open in parts and filled in 
with stone, so that the top of the platform should 
float barely above the water. The upper course of 
timber was planked with 3 in. planks, upon which the 
dressed masonry was started, and it required the 
weight of nearly the whole of this first course to sink the 

latforms firm); upon their levelled beds of gravel. 
he flat boats bringing the dressed stone lay on each 
side of the platform to steady it. The men were not re- 
quired to work in the water, and all cost of pumping 
was avoided. After the foundations were thus sunk, 
a large quantity of heavy loose stone, or “rip-rap,” 
was shot down around them, to protect them from the 
scour of the river. The timber is wholly immersed 
in water at the lowest a of the river, and is 
therefore indestructible. The piers were carried up 
to a height of 38 ft. above low water, and upon them 
the seven spans of the bridge, each of about 175 ft., 
were per 

All the timber foundations were sunk between 
August 16 and November 5, 1854. 

he engineer of the work was Solomon W. Roberts, 
who contributed an account of it to the Franklin 
Institute Journal, in 1855, 
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THE LONDON AND NORTH-WESTERN ENGINE “DUKE OF EDINBURGH.” 


Yesterpay week the 
Duke of Edinburgh paid 
a visit to the works of the 
London and North-Western 
RailwayCompany at Crewe. 
During part of his journey 
from London to Crewe his 
Royal Highness rode on the 
engine, and, after inspect- 
ing the steel works and 
machinery, and partaking 
of a luncheon served at the 
house of Mr. Ramsbottom, 
proceeded to christen a new 
engine which had just been 
completed at the Crewe 
works, Of this engine, the 
“ Duke of Edinburgh” as 
it was named, we are now 
enabled, through the kind- 
ness of Mr. Ramsbottom, 
to give an outline diagram 
and particulars. 

The engine is one of a 
class designed for working 
the limited mails, particu- 
larly over that portion of 
the line between Crewe and 
Carlisle. It is a six-wheeled 
engine, four of the wheels 
being 6 ft. 6 in. in diameter 
and coupled, and the lead- 
ing wheels being 3 ft. 6 in. 
in diameter. The arrange- 
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ment of the wheels is shown 
in the diagram, the dis- 
tance between the centres 
of the leading and driving 
wheels being 7 ft. 5in., and that between the centres of the 
driving and trailing wheels 8 ft. 3 in., making the total wheel 
base 15 ft. 8 in., or 5 in, longer than that of the express engines 
of the “ Lady of the Lake” class used on the same line. The 
total length of the engine over frame-plates is 24 ft. 2in., the 
overhang at the trailing end being 4 ft. 1 in. and at the leading 
end 4 ft. 5in.; this last-mentioned overhang being measured to 
the end of the frame-plate, and being exclusive of the wooden 
buffer-beam. The cylinders are inside, and are 16 in. in dia- 
meter, with a stroke of 24 in. 

The boiler is similar to that of the well-known “Lady of the 
Lake” class, the firebox casing being flush with the barrel, and the 
latter being furnished with a dome at the middle of its length. 
The barrel is 10 ft. 6 in. long from the front of the firebox casing to 
the back of the smokebox tubeplate, and the diameter varies 
from 4 ft. 04 in. at the firebox end to 3 ft. 10}in. at the smoke- 
box end. The firebox casing is 4 ft. 9 in. long by 4 ft. 1 in. wide, 
and it contains a copper firebox giving 89 square feet of heating 
surface, The boiler contains 192 tubes, 11 in. in diameter out- 
side, these giving 1013 square feet of heating surface, and 
making the total heating surface 1102 square feet. The fire- 
grate area amounts to 14.95 square feet. The dome on the 
boiler is 2 ft. in diameter taste by 2 ft. 9in. high, and it con- 
tains the regulator, which is a simple double-beat valve 
raised by means of a link connected with an eccentric on the 
regulator-rod. A manhole is formed on the top of the firebox 
casing, and on the cover is placed a pair of Mr. Ramsbottom’s 

vatent safety-valves, which we have already described in this 
journal. The centre line of the boiler is 6 ft, 11 in, above rail 
level, or 4} in. higher than those of the “ Lady of the Lake” 
class of engines. 

The hornplates are in one piece with the frames, and the 
latter are, between the driving and trailing wheels, very deep, 
but are lightened having a ay cut out of them, as shown 
in our diagram. The engine has inside frames only, and all 
axles have consequently inside bearings. There are no adjust- 
ing wedges to the axle guides of the coupled wheels, these 
wedges not being used, we believe, by Mr. Ramsbottom on any 
of his engines, although they are now being employed with very 
good results on many lines, The coupling-rods are of the simple 
pattern introduced by Mr. Ramsbottom, and which are now being 
also used by Mr. William Adams on the North London Railway. 
The ends of the rods are not furnished with brasses which can 
be tightened by cotters in the usual way, but are simply fitted 
with bushes forced tightly into them, these bushes being renewed 
when they become worn; on the North London Railway these 
bushes are made of cast iron lined with white metal. ‘As the 
oy at the ends of the coupling-rods are correctly bored out to 
the right distance apart from centre to centre, to start with, no 
after ae oe is required, and the chance of crank-pins being 
broken by the coupling-rods being of improper length is entirely 
done away with. The crank-pins are of course furnished with 
loose collars at their outer ends, so that the coupling-rods can 
be slipped on them. 

The weight of the engine “Duke of Edinburgh” is 28 tons 
18 owt. in working order, and of this weight 9 tons 8 cwt. rest 
on the leading wheels, 10 tons 10 ewt. on the driving wheels, and 
8 tons 15 ewt. on the trailing wheels. The weight on the coupled 
wheels thus amounts to 19 tons 5 cwt., vhilst the load on the 
single driving wheels of the express engines of the ‘‘ Lady of 
the Lake” class is 11 tons 10 ewt., or avout 40 per cent. less. 
As, moreover, both the engines last mentioned and those of the 
“ Duke of Edinburgh” class have cylinders of the same diameter 
and stroke, the tractive force which they are each capable of 
exerting with a given pressure of steam will be inversely as the 
diameters of their driving wheels. The “Lady of the Lake” 
has driving wheels 7 ft. 7}in. in diameter, whilst those of the 
“ Dake of Edinburgh” are, as we have already stated, 6 ft. 6 in., 
and the tractive forces developed by a given pressure in the 


cylinders will therefore be as 6.5 to 7.625, or that of the former 

will be about 14} per cent, less than the latter, As, however, 

the “ Duke of Edinburgh ” has 40 per cent, more weight on the 

coupled wheels than is carried by the driving wheels of the 

** Lady of the Lake,” it will be seen that the proportion of ad- 

ht to cylinder power is much greater in the former 
ter engine, 


hesional wei 
than in the 








THE COMMITTEE-ROOMS. 


Tne ordeal of parliamentary inquiry into engineer- 
ing schemes not only secures fitness and thoroughness 
in the works actually carried out, but it takes stock 
completely of the engineer. Few persons not interested 
in the bills going forward ever find their way into the 
committee-rooms, and fewer still ever see the printed 
evidence given in committees. Where, as is generally 
the case, a bill is opposed, the engineer is sometimes 
subjected, day after day, to questioning and cross- 
questioning which try all the resources of his know- 
ledge, his power of expression, and his temper. George 
Stephenson’s first contest in a parliamentary committee 
is historical, and although he finally got the best of it, 
it was a hot fight, as our readers know. But these 
inquiries are of the greatest service in securing good 
sound design, and the general sufficiency of engineering 
works. The engineer must be careful of his plans 
when he knows that men of equal or greater skill will 
be called to pick holes in them, and that if the evidence 
clearly goes against him, his bill is lost. It may be 
set down as certain that, but for parliamentary inquiry, 
the great bulk of our engineering works would be far 
inferior in design and execution to what they now are. 
The absence of this check in the American States 
greatly contributes to the effect of limited capital there, 
especially in the newer States, where railway and other 
works are often of the most temporary character, and 
where naturally enough, therefore, failures or break- 
downs, as they are called, are of common occurrence. 
In several of the States any company of individuals may 
constructarailway wherever they like, taking and paying 
for land either by purchase, arbitration, or the decision 
of a court, and the public have no voice as to the cha- 
racter of the works. Nor when the line is open is 
there such a thing as official inspection, the engineers 
being left to decide for themselves what risks the 
public are torun, And their factors of safety are 
sometimes very low—sometimes, indeed, fatally so. 

The discipline of the committee-room has, as we have 
said, very much to do also with bringing out the 
qualities of engineers. A superficial or careless man 
will make no headway there, for the opposition will 
soon cut him up. He must have been painstaking 
with his surveys, clear in his plans, and careful in his 
estimates. He may fail even on standing orders, 
although where the non-compliance is of no real mo- 
ment there is generally but little difficulty in obtaining 
consent to so far dispense with standing orders. But 
the referees come home to all questions of the character 
of the engineering and of the sufficiency of the esti- 
mates, and the engineer may even have to run the 
gauntlet again of a committee. He must be a man of 
clear views, and capable of imparting them readily and 
distinctly to others. He must be master of his whole 
case, in its theory, its practice, and its intended results ; 
he must be prepared for whatever may be brought to 
bear against it, whether it be science, mathematics, 
logic, or prejudice. He must be full of resources, and 
never at a loss. The self-possession and the readiness 
and aptness of reply of the engineer will often carry a 
bill, where, in other hands, it would be thrown out. It 
is everything to carry a bill; it is wonderful how it 








brings reputation, and how, indeed, the engineer who 
is generally successful in such matters ‘has clients 
always about him, and contractors and promoters at 
his feet. 

While the ordeal of the committee-room brings out 
the strength of the engineer, the proceedings there are 
often of much interest to those having no stake in the 
result. Many persons are unaware that the committee- 
rooms are quite public, although they are occupied 
with “ private bills.” Those who have a little leisure 
upon their hands can, in a few hours, see in the diffe- 
rent rooms a great deal of the engineering before Par- 
liament, and although the proceedings may be tedious, 
they can often hear much capital evidence by the best 
men in the profession. 








SEWERAGE oF Pertu.—Messrs. D. and T. Stevenson, C.E., 
Edinburgh, have presented a report as to the best plan for 
carrying out the effectual sewerage of the burgh, the practica- 
bility of utilising the sewage, and the possibility of discharging 
it so as to avoid the pollution of the Tay. After some prelimi- 
nary remarks, the report states that the city of Perth is situated 
on the comparatively flat land which lies between the North and 
South Inches, and the extreme lowness of many of the streets, 
as compared with the highest flood-water of the river Tay, 
presents a difficulty to thorough drainage which is rarely to be 
met with in carrying out sanitary improvements. Some portions 
of the street to the south of Canal-street are as much as 3 ft. 
Gin. under the flood-level of the river. A very important 
matter, which demands special attention, is the water-supply 
for the town, which is obtained from the filter-bed in the river 
Tay, at the top of Moncrieffe Island; while that for the General 
Prison is taken from immediately below the end of the 
new quay. The opinion of the Messrs. Stevenson is, that 
the sewage discharged at-the point they suggest below the 
town walt not, except at the highest spring tides, be carried 
up the river beyond the filter beds. The- sewers recently con- 
structed by Mr. Young, C.E., will, it is proposed, furm of 
the new general system of sewerage. The main drains Messrs. 
Stevenson propose are of such a size as not only to carry off 
all ordinary floods, but to provide for the contingency of thunder- 
storms occurring simultaneously with floods in the river. The 
contents of the different sewers are to be united at the south end 
of Princes-street, and from that point it is proposed to run a 
main sewer through the South Inch, terminating in a reservoir 
to be formed in the “ Culloch,” adjoining the tide harbour. 
The object of the reservoir is to obtain a,control over the discharge 
of the sewage into the Tay, so as to secure that none of it shall 
be allowed to flow out during the short period when, with high 
tides and a small discharge of rain water, there is an upw: 
current which might carry away any of the sewage, and the 
slack water produced by the turn of the tide might allow it to 
settle on the banks. “According to the Messrs. Stevenson's 
present information, and in absence of working plans, they are 
of opinion that the whole of the works comprehended in the 
system of sewerage they recommend could be executed at a cost 
not exceeding 22,0002. 

FRENCH TRANSATLANTIC STEAMING.—The French General 
Transatlantic Company's steamer Nouveau Monde has just made 
a rapid passage between Europe and Colon. The Nouveau 
Monde lett St. Nazaire, May 9, at noon, and reached Martinique 
on the evening of May 21; she passed St. Marthe, May 26, and 
anchored at Colon at 1 A.M., May 28. Deducting the time con- 
sumed in stoppages at Martinique and St. Marthe, the Nouveau 
Monde made the run from St. Nazaire to Colon (4917 miles) in 
386 hours only, showing an average speed of 12.76 knots per 
hour. The return run was made in 18 days. The Nouveau 
Monde is a paddle steamer of 5800 tons of displacement, and, 
like some Euper — e ee, ag France, -“ the Im- 

ratrice Eugénie—she was constructed in France. 
eich are of 1200 horse power, were constructed by Masere. 
Schnieder, at their great works at Creuz0t. 








JuNE 29, 1866.] 


ENGINEERING. 











INAUGURATION OF THE BIRKENHEAD DOCKS BY THE DUKE OF EDINBURGH. 


TuEsE docks occupy 
the site of a creek of the 
estuary of the Mersey, 
formerly known as the 
Wallasey Pool, on the 
Cheshire shore, imme- 
diately opposite Liver- 
pool; and upon Jook- 
ing over a map of the 
western coast and of 
the Irish Channel, the 
reader will readily per- 
ceive that that shore 
happens to be the 
weather shore of the 
estuary, or, in other 
words, the one pro- 
tected against the 
storms which usually 
visit this port. It is 
chiefly or, at any rate, 
partly owing to this 
circumstance that the 
water is deeper on that 
side of the river just 
opposite Liverpool, and 
this circumstance was 
held to be such con- 
clusive evidence of the 
natural advantages of 
Birkenhead for the es- 
tablishment of docks, 
that Telford, the emi- 
nent engineer, when 
viewing the entire dis- 
trict from the top of 





Bidston Hill, is re- 





ported to have ex- 
claimed, that “ Liver- 
“pool had been placed on the wrong side of the 
“ce erse Ne 

The late Mr. Laird, the father of the member for Bir- 
kenhead, had a keen appreciation of these supposed ad- 
vantages of the place, and, as early as 1824 and 1826, he, 
with Sir John Tobin, purchased extensive tracts of land 
on the south side of the pool, having in view, no doubt, 
its increase in value in after years, and Mr. Laird sub- 
sequently also established his shipbuilding yard there. 
In 1827, Messrs. Telford, Nimmo, and Stevenson of 
Edinburgh, were called upon by the above gentlemen 
to survey the pool, and to report as to the practicability 
of constructing docks there; and these authorities 


then proposed a plan, the main feature of which was a 


large dock with a canal entrance from the River Dee, 
near Helbre Island. This plan, which, with various 
others subsequently proposed, we have illustrated in 
the accompanying woodcuts, would effectually have 
created Birkenhead a distinct port if it had been car- 
ried out, and would have entirely ignored the advan- 
tage of greater depth of water than on the Liverpool 
shore ; the course of events in the bay outside tending 
to the gradual silting up of the mouth of the Dee, as 
has since been ascertained, leaves no room of doubt, 
however, that such a plan must have ultimately resulted 
in failure, and Birkenhead, therefore, may congratulate 
itself upon the non-success of these preliminary steps. 

Towards 1837 Mr. Laird again seriously agitated 
in the matter, and then proposed a system of works 
generally speaking similar to those afterwards matured 
by Mr. Rendel ; and as it had now become evident 
that the Birkenhead interest was bent upon carrying out 
the cherished idea of establishing what Liverpool then 
considered a rival port on the Cheshire shore, the cor- 
poration of Liverpool bought 192 acres of land on the 
south side of the Wallasey pool for the sum_ of 
155,000/., thus clearly showing that they then looked 
with a suspicious eye upon the projected shipping ac- 
commodation, and desired, by acquiring the proprietor- 
ship of the land adjoining the pool, to render them- 
selves masters of the situation there. 

Notwithstanding this opposition on the part of the 
Liverpool interest, Mr. Rendel’s scheme received the 
sanction of Parliament in 1844, and in 1847 two small 
docks (the Morpeth and the Egerton) were thrown 
open to the public, with an aggregate area of from 7 
to 8 acres, which afterwards was increased to about 
15 acres. At this stage, however, the works came to 
a standstill, partly for want of funds, and partly owing to 
dissensions among the managing body of the Dock 


Company ; and Mr. Rendel’s elaborate scheme thus re- 
mained in abeyance until, in 1855, Parliament com- 





elled the Liverpool Dock trustees to buy up the 
irkenhead Dock estates, and to finish the works 
already commenced there. 
er some considerable resistance on the part of 
Mr. Rendel and the original projectors of those works, 
Mr. J. B. Hartley, the then engineer to the Liverpool 
Dock estate, was allowed to slightly deviate from the 
original plans, and the works as finally executed by 





him and latterly by Mr. Lyster, are illustrated in the 
diagram, Fig. 6, adjoining. The general principle of a 
large internal dock and of a deep low-water basin, B, 
as embodied in Mr. Rendel’s original scheme, was pre- 
served, but the area of this basin was reduced from 
37 acres to 14 acres, and a distinct set of entrances 
into the internal dock or great float, as it is termed, 
was provided to the northward of this basin. The 
low-water basin has been open to the public for about 
two years, and has since been declared a failure to 
the extent of inducing the Dock Board to apply to 
Parliament for powers to convert it into a dock ; but 
the northern entrances have only lately been finished, 
and it is with the object of inaugurating them that the 
Royal Duke has paid his recent visit to Liverpool. 
hese works consist of ‘an embayment of the river 
wall, 44 acres in area, into which debouch three locks of 
350 ft. in length, and of 100ft., 50ft., and 30 ft. in 
width respectively; these locks communicate with an 
intermediate dock of 84 acres in area, which may be 
used as ahalf-tide dock, and which, upon this occasion, 
has been named the Alfred Dock. e final communi- 
cation with the great float is by means of three locks. 
similar to, but shorter than, the three outer locks. 











The total water area of the Birkenhead system of 
docks is 167 acres, of which the great float occupies 
about 115, and the quay development is about nine 
miles. The money spent upon these works by the 
Mersey Dock and Harbour Board reaches the almost 
fabulous sum of 5,000,000/., in which figure is not in- 
cluded a large sum irretrievably sunk into them by the 
original Dock Company. 








SALINOMETER CASES. 
To tue Epitor or ENGINEERING. 


Sir,—In reply to “ Libra’s” last letter on this subject, I beg 
to say that he is mistaken in saying that Gamble’s first salino- 
meter pattern had the disadvantage of not letting the steam 
escape freely before entering the hydrometer case; on the con- 
trary, to insure against that contingency, the supply pipe had a 
vertical prolongation, or stand pipe, with a pet cock for the very 
purpose. I say in ¢ paper that How’s sulinometer, as made, 
is incomplete; and there we agree that Long’s is a more com- 
plete instrument, and, I beg to add, as complete as need be; but 
I repeat that Gamble’s both old and present “ scsom is in every 
respects as complete, and has the additional advantages of being 
easier to manage, handier, and more compact. Turn the four-way 
cock one way against a stop, and you clear the supply pipe; set 
it straight up and down, and you clear the salinometer; turn it 
the other way, also against a stop, and you fill it; can anything 
be handier than this for starting, and what is easier than to 
regulate the influx of the water by the jamb screw valve? I 
might mention a couple more points, but am afraid of taking up 
too much of your valuable space with this little matter, and 
thanking you for the space allowed. 

I remain, Sir, yours very truly, 

Gordon-grove, Holland-road, Brixton, P. JENSEN. 

26th June, 1866. 


This discussion must end here.—Ep. 








Tue Pyeumatic Rawway.—In working the Euston and 
Holborn parcels line, of which the tube is equal in section only to 
a 4} ft. pipe, the power required to work trains of four trucks, 
loaded to 7} tons each, or a gross weight of 30 tons in all, was, 
we understand, about 70 horse power. The speed was about 
20 miles an hour, the run of 14 miles being made in 5 min. 
15 seconds, whether the engines were blowing or sucking from 
the Holborn end. Probably not more than one-half of the power 
applied to drive the fan is effective in exhausting the tube. 

ORTABLE EnGines.—Messrs. Howards, of Bedford, have 
made an engine having a firebox midway between the ends of 
the boiler, which has two barrels and two sets of tubes, as in 
Mr. Fairlie’s locomotive. This engine, we are informed, is work- 
ing at 800 revolutions per miuute, These makers are not of 
course the firm alluded to in our article last week on portable 
engines, and they have thus far made very few engines of any 
kind, although we believe they are likely to engage ex- 
tensively in the business. 

Tue CiypE Lockx-out.—The men have not begun to return 
as rapidly as was expected to their work. Messrs. Napier and 
Sons are still short of 800 hands. 
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PUBLIC WORKS CODE—INDIA. 


Tue value of an appointment in the Public Works 
Department, under the Government in India, must be 
held to depend, not upon the amount of — first 
given on entering that service—for that is indeed small 
enough, amounting as a general rule to but 20/. a 
month, or 240/. a year—but on the chances of promo- 
tion to the higher grades, and the probable time that 
may elapse after first appointmont before a tolerably 
remunerative salary can be obtained. Now, if the 
past may be taken as an index to the future in this 
instance, a glance at the positions held by civil 
engineers sent out from this country since the first 
establishment of the system of competitive examinations 
in 1859 will afford the best evidence obtainable of the 
average rate of promotion in the service. 

Of the twenty civil engineers who were sent out in 
1859, six are fourth-grade executive engineers on 
salaries of 600/. per annum, nine are first-grade 
assistant engineers, on 480/., one is employed on 
local works, on 600/. per annum; two have died, and 
two have resigned. 

Of the nine sent out in 1860, two are fourth-grade 
executive engineers; one is a first-grade assistant 
engineer; one is a second-grade assistant engineer, 
on 360/. per annum; one has died, one has resigned, 
and three are employed on local works. 

Of the eleven sent out in 1861, one is a fourth-grade 
executive engineer, seven are first-grade assistant 
engineers, and one is a second-grade assistant 
engineer ; one has died, and one resigned. 

Of the ten sent out in 1862, six are first-grade 
assistant engineers, one is a second-grade assistant 
engineer, and three have died. 

Of the ten sent out in 1863, four are first-grade, four 
are second-grade assistant engineers, one 1s a third- 
grade assistant engineer, and one has resigned. 

It would evidently be of no advantage to allude to 
the positions of those gentlemen who went out in 1864 
and 1865, as their services have as yet been too short 
to influence the consideration of the subject of promo- 
tion, those of the latter year not having yet completed 
their period of probationary service. 

Turning now to the pages of the Public Works 
Code, we desire to point out the rules and conditions 
of promotion, and primarily we may premise that it is 
fully and distinctly understood that promotion to a 
higher grade does not take place as a matter of neces- 
sity after a certain length of service in the grade below 
it, but is regulated by the local Governments and the 
exigencies of the service. But in order to assist the 
local Governments and administrations in dealing with 
such promotions, each superintending engineer is 
directed to furnish a half-yearly roll of the members of 
his establishments whom he can recommend for pro- 
motion. These rolls are then submitted by the chief 
engineer, with any remarks he may think fit, to the 
head of the local government or administration. 

The engineer establishment of the Public Works De- 
partment, as limited by the demands of the public 
service, is thrown open to all classes of persons duly 
qualified ; the Government of India reserving the 
right of selecting at pleasure from among all the 
candidates. In ordinary cases no one will be ad- 
mitted to this branch of the department except as an 
assistant engineer or apprentice, and, as we stated in 
a former article, civil engineers sent out from England 
by the Secretary of State for India, under covenant, 
will be posted to the class of assistant engineers. 
They will usually be appointed to the third grade, and 
must serve in that grade for one year before becoming 
qualified for promotion to the second grade. During 
that year they will be considered as on probation. 

An assistant engineer of the third grade, before he 
can be promoted to the second grade, must undergo an 
examination, the object of which will be to show that 
he is capable of preparing designs and estimates for 
all descriptions of buildings and works usually required 
of executive engineers; that he is acquainted with the 
processes for preparing materials, ont with the modes 
of construction in use in India; that he has a good 
knowledge of the resources of the districts in which 
he has been employed, as to materials and of the best 
mode of applying them, and that he understands the 
management of work-people; also that he has made 
himself acquainted with the rules of, and is conversant 
with, the forms of account in use in the department. 
Before being admitted to this examination, an assistant 
engineer must apply to the chief engineer, and in for- 
warding this application, the executive and superintend- 
ing engineers under whom the candidate is serving 
will attach a special report upon those points of quali- 
fication which cannot Ve 


) 
tested by examination, espe- 





cially in regard to-his physical energy and efficiency in 
Seer work, and capacity to manage those under 
is authority. These reports will always be considered 
‘epearne to the examination, and no candidate will 
ye entitled to be examined until such reports have been 
made to the local head of the department and found 
satisfactory. The examination will be conducted by a 
committee composed of one chief or superintending 
engineer as president, and two officers of the engineer 
establishment or of the corps of Royal Engineers, of 
not less than three years’ standing, as members. Suc- 
cessful candidates will be brought on to the permanent 
strength of the Public Works establishment as assist- 
ant-engineers of the second grade with effect from 
the state of their passing the examination, provided 
that they have served one year in the third grade. 
The Government of India may, however, in special 
cases, dispense with the examination, or reduce the 
period of service on probation. 

Before an assistant engineer of the second grade can 
be promoted to the first grade of that class, he will be 
required to pass the first or lower standard examina- 
tion in Hindustani. The object of this first standard 
is to ensure that officers passing it have acquired such 
a knowledge of the Hindustani language as shall enable 
them efficiently to discharge their professional duties 
when serving with natives; to this end, candidates 
will be tested as to their ability to read and translate 
passages from easy Hindustani books, written in the 
Persian and Deva Nagari characters, and to speak on 
and interpret common or professional subjects, so as 
to understand, and to be understood by, any ordinary 
uneducated native of India. 

The details of tests for first standard examination 
are: First. Reading fairly, and construing with accu- 
racy, not less than half an octavo page of the under- 
mentioned works: 1. “ Hindustani Selections” in the 
Persian character ; 2. “ Hindustani Selections” in the 
Deva Nagari character. Second. Conversing with the 
examiners, or with natives of India, on subjects likely 
to occur in the performance of professional duty, in the 
transactions of ordinary business, or in the course of 
every-day life. 

No assistant engineer will be promoted to the rank 
of executive engineer of the fourth grade until he shall 
have passed the examination in the Hindustani language 
for the second or higher standard contemplated in the 
general order of 9th September, 1864, or a similar ex- 
amination in the language of the district in which he 
is employed. The object of the second standard is to 
ensure that officers passing it have acquired such a 
knowledge of the Hindustani language as shall qualify 
them, so far as that language is concerned, for general 
employment, and to this end candidates will be tested 
as to their ability—lst, to read and construe passages 
in books of ordinary difficulty in Urdu and Hindi; 
2nd, to make accurate and idiomatic written transla- 
tions from English into Hindustani, in both the Persian 
and Deva Nagari characters ; 3rd, to read and translate 
petitions, native letters, &c., in Urdu and Hindi; 4th, 
to converse with educated or uneducated natives of 
India. The details of tests for the second standard 
are: First, reading fluently, and construing with 
readiness and accuracy, not less than an ordinary 
octavo page of the undermentioned works : 

1. The Bagh-o-Bahar. 

2. Selections from the prose of the Prem Sagar. 

Second: Translating accurately, and with correct- 
ness of idiom and grammar, not less than half an 
ordinary octavo page of plain English, into language 
similar to that of the Bagh-o-Bahar, in the Persian 
character, and an equal amount in the Deva-Nagari 
character, into language similar to that of the Prem 
Sagar. 

Third: Reading fairly, and translating readily and 
correctly, Hindustani manuscripts, written in both the 
Persian and Deva Nagari characters. These manu- 
scripts may be selected from the proceedings of a case 
in court, from reports or petitions addressed to civil 
or military authorities, from letters passing between 
natives of India in the ordinary course of business, or 
from private correspondence. They should not be 
written with the clearness of a printed book, nor yet 
in a very cramped or crabbed hand, but in such a 
manner as fairly and honestly to represent the written 
characters as practically employed in the eae or 
province in which the examination is held. 

Fourth: Conversing with the examiners or with 
natives of India with fluency, and with such correct- 
ness of pronunciation, grammar, and idiom as to be at 
once intelligible. 

Every candidate passing an examination by the first 
standard in Hindustani will be entitled to receive an 
allowance of 180 rupees (18/.), and on passing by the 





second standard, an allowance of 180 rupees additional, 
or, in the case of an officer passing at once by the 
second standard, 360 rupees. 

The operations of this second examination were 
ordered to be suspended until the 1st May last, and 
promotions of assistants to the grade of executive 
engineer might, up to that date, be made without re- 
ference to the examination for language. But if an 
officer thus promoted fail to pass the second standard 
within one year of the date of his promotion, he will be 
subject to a deduction of 50 rupees (5/.) monthly from 
the salary of his class, and will also be incapable of 
further advancement till the examination be passed. 

Assistant engineers who have not passed the neces- 
sary examinations in the native languages may, at such 
time as is found convenient, obtain three months’ 
special leave for this purpose, without loss of salary or 
service. The grant of such leave will not affect any 
privilege leave to which, under the rules, they may be 
entitled. This leave may be taken in continuation of 
any other leave. 

The posting of assistant or executive engineers to 
particular charges will be regulated by the exigencies 
of the service, without reference to the grade to which 
officers belong. 

The selection of officers for promotion from one class 
or grade to another, either by the Government of India 
or the local Governments, will be made with reference 
to the vacancies to be filled up, and on a consideration 
of the services and merits of individuals, without re- 
gard to mere seniority. In the case of the local ad- 
ministrations, the special grounds on which any recom- 
mendation is made will be stated in the half-yearly 
rolls. No one will be brought forward who is not con- 
sidered decidedly deserving of promotion, and the 
report will be sent up blank if there are no persons 
who can thus be recommended for advancement. 

Local Governments and administrations will, from 
time to time, bring to the notice of the Government 
of India the names of such executive engineers, first 
grade, serving within their respective provinces, as they 
consider deserving of promotion to the rank of super- 
intending engineer, having regard to their administra- 
tive ability and general aptitude for business, as well 
as their more strictly professional qualifications ; but 
the appointment and promotion of chief engineers 
and of superintending engineers, permanent or officiat- 
ing, are vested in the Government of India. 

Such are the rules under which promotion in the 
service, from one grade to another, is under ordinary 
circumstances regulated. The total strength of each 
class in the department, and the proportions of their 
respective grades, are also samiten in accordance 
with certain specified rules; aud as they may be con- 
sidered to exercise a certain influence over the carrying 
out of the rules of promomotion, a short notice: of 
them here will not be inconsistent with the informa- 
tion contained in the former part of the present 
article, but, taken together with it, will constitute the 
most complete information obtainable on the subject 
of promotion in the Public Works Department. 

eginning as before with the lowest grade, namely 
that of assistant engineers, the number fixed for each 
province will be that of actual requirements only, no 
addition being made for absentees, the reserve of execu- 
tive engineers being regarded as affording the needful 
reserve for the class of assistants also. Of the total 
number of assistants under each local Government and 
under the local administrations, taken together, one- 
third, adding one for a fraction of two-thirds, will be 
assistant engineers of the first grade, the remainder 
will.be of the second and third grades and apprentices. 

The total strength of the executive engineers under 
each of the local Governments and in the local adminis- 
trations, taken together, is determined in each case by 
adding to the number of sanctioned appointments of 
superintendent of works, executive engineer, and 
officers ranking as such, one-tenth, with one additional 
for a fraction greater than one-half, to form a reserve 
for filling the places of temporary absentees. The 
number so found will be the strength of executive 
engineers and officers ranking as such. The distribu- 
tion of executive engineers between the four grades is 
found as follows :—Divide the total strength by 16. 
Three times the whole number thus found will belong 
to the first grade (these will include superintendents 
of works); four times this number to the second 
grade; a similar number to the third grade ; and five 
times to the fourth grade. Of any fractional remainder 
after dividing the strength as above by 16, one-fourth 
will belong to each grade, and odd numbers will be 
distributed, if one, to the fourth grade only ; if two, 
one each to the third and fourth grades ; if three, one 
each to the second, third, and fourth grades. . The 
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total number in each grade under each local Govern- 
ment or under the local administrations, taken together, 
will be the sum of the numbers for each grade deter- 
mined in the foregoing calculations. 

All executive engineers will be considered as avail- 
able for duty as assistant engineers in the event of 
there being an excess of executive engineers present 
over the number of charges. ‘In sich cases it will be 
left to the local Government or administration to de- 
termine which of the executive engineers shall be so 
employed, but as a rule thé selection should be made 
from the lowest grade. 

The number of executive ‘and assistant engineers 
will be fixed by the Government of India for each pro- 
vince from time to time according to its requirements. 

The number of superintending engineers will be 
fixed by the Government of India for each province 
according to its wants. Of the total number of superin- 
tending engineers, one-half, adding one for any fraction, 
will belong to the first class; of those in each class, 
one-half, adding one for any fraction, will belong to 
the first grade. 

The total number of chief engineers, and the number 
of those which are to be of the first class, will be fixed 
from time to time by the Government of India; of the 
second and third classes, one-half, adding one for ‘any 
fraction, will belong to the second class, and the rest 
to the third class. The chief engineers of the first 
class will always be appointed to particular provinces, 
whilst the salaries of those in the other two classes 
will be personal, without reference to the province or 
appointment in which the chief engineers may be 
serving. 

It is to be understood that no officer is to be pro- 
moted to fill a vacancy in a higher grade, unless he is 
considered deserving of advancement, and that the 
scale of grades needs not necessarily be worked. up to 
in each class. Vacancies in a superior class may be 
compensated by a corresponding excess in any lower 
class or grade. Promotions may be made from one 
class to another, as from assistant engineer to executive 
engineer, whenever a vacatcy occurs, but promotions 
from one grade to another within a class. cannot be 
made before the lst of April or October following the 
date on which the vacancy occurred. 

An executive engineer or assistant engineer is borne 
as a supernumerary on the departmental list of the 
province in which he is serving—I. When he goes on 
leave of absence for a of period not less than twelve 
months, retaining his place in the department; II. 
when he is appomted to officiate in the room of an 
officer of another department, who will be absent 
from his appointment for a period of twelve months or 
more, or for a superintending engineer who will be 
non-effective in his grade from any cause for a similar 
period; and, III. when he is transferred to local fund 
establishments, unless such transfer is specified to be 
temporary, that is, for a period not exceeding six 
months. 

Promotions in the rooms of supernumeraries. will 
be on the same principles as for any permanent 
vacancy. 

On the return of the officer in whose place a 
promotion has been thus made, he will continue to be 
borne on the departmental rolls of the provinve to which 
he is attached as a supernumerary, but he will be 
absorbed on the occurrence of the first vacancy in his 
class and grade, after his return to duty. 

Whenever the total strength of executive or assistant 
engineers in any local Government or in the local 
administrations, taken together, is to bé permanently 
reduced, the strength of each grade must be brought 
down to the limit determined by the scale, by making 
a promotion for the second only of every two vacancies 
till the excess is absorbed. 

Whenever an executive engineer or assistant engineer 
is appointed to a pone in excess of the sanctioned 
scale, he will be borne as a supernumerary in his 
grade, and will be absorbed in the manner prescribed 
in the preceding paragraph. In the case of the local 
administrations, one excess in one province may be 
compensated for by a deficiency in another, when of 
course this procedure will not be necessary. 

Tue AMALGAMATED ENGINEERS.—We do not know how far 
employers of engineering labour may be aware that the prime 
cost of every description of their work is sent in by their society 
men to the Amalgamated Society. The society men, it is 
understood, intend to strike generally against piece-work. 
Society foremen make no scruple in discussing this determina- 
tion with their masters. 

CLEVELAND Iron.—The fall in the price of iron, and the 
difficulties with masons and other workmen on strike, have 
arrested the furnace building going on in the Cleveland district. 
The masters have decided to lower the price of their men’s 
wages by 1s, per ton. 





THE IMPERIAL MEXICAN RAILWAY. 


On the 31st of August, 1857, Don Antonio Escan- 
don obtained a concession, subsequently confirmed in 
1861 by Don Benito Jaurez, then constitutional presi- 
dent of the United Mexican States, empowering him 
to construct a railway between the town of Vera Cruz, 
a seaport town on the Gulf of Mexi¢o,’azid the capital 
of the country from which the gulf is named. ‘This 
concession, ratified by the Emperor Maximilian on the 
25th of January, 1865, passed int® the hands of 
an English company, A whose @irectorship the 
railway is being constructed. ‘Thev'eity of Mexico 
stands upon a fertile table-land 7840 ft. above the 
level of the sea, and about two hundred miles in- 
land, with a precipitous mountain, range between it 
and Vera Cruz. The two cities ate:iconnected. only 
by common mule roads, by means‘ of which the 
traffic has hitherto been conducted, and ‘the in- 
exhaustible resources of the rich country of the table- 
lands has lain idle, not only from the insufficient means 
of transport, but from the prohibitory charges made 
for the conveyance of goods, amounting to as much as 
24/. per ton in many instances. The advantages and 
the ultimate commercial success of the great engineer- 
ing work under notice are rendered apparent * the 
returns published in the last report of the Directors of 
the Imperial Mexican Railway, which refer, of course, 
only to those portions of the line now completed and 
opened for local goods and passenger ‘traffic. For 
magnitude of work, for steep gradients and sharp 
curves, this undertaking stands unrivalled. No en- 
gineer hitherto has constructed a railway scaling a 
mountain ridge $300 ft. above sea-level, with gradients 
of 1 in 25 for a distance of five-and-twenty miles, with 
many curves in that length of 300 ft. radius. 

From Vera Cruz the railway takes a south-west: 
direction for a length of 120 miles, where it reaches 
nearly the highest point, and from thenee -it turns to 
the north-west, running through a slightly elevated 
country till it crosses between the famous lakes close 
to which Mexico is built, and, turning towards the 
south, it enters a terminal station in the great 
city. Besides the main line, which has a length 
of 265 miles, a branch is now nearly completed 
29 miles long towards the south, to Puebla, a 
town of considerable importance, with a population 
of 220,000 in the city “a 460,000 in the surrounding 
districts. The junction is formed with the main line 
80 miles from Mexico. Previous to the concession 
passing into the hands of the present company, 50 
miles from Vera Cruz had been constructed, so un- 
satisfactorily, however, that a great. part of the work, 
such as small bridges, culverts, &c., together with a 
large bridge over the river Jamapan, has been rebuilt, 
and the ballast has been renewed. over. this section of 
the line, which terminates at a town named Paso del 
Masho, having reached an altitude of 1720 ft. .aboye 
the level of the sea. From this point it: falls with 
moderate gradient for a distance of 5. miles, with a 
heavy rock-cutting to the bridge of the Atoyac, a river 
300 ft. wide at the point of crossing, and there is a 
tunnel through the rock on the other side of about 
130 yards in length. From this point it rises continu- 
ously to the town of Cordova, a total distance from Vera 
Cruz of 67 miles, and, with the exception of several 
heavy banks and a cutting through limestone and con- 
glomerate, the works are generally light, the only im- 
portant one being a bridge over the Rio Seco, of a 
total length of 325 ft. The line at this point attains 
by varying gradients, 1 in 40 being a maximum, a 
height of 2748 ft. Gradients of 1 in 40 and 1 in 60 
predominate for the next 7 miles, where the most im- 
portant work on the railway occurs, a work which 
when completed will stand unrivalled. It consists of 
a’ viaduct across the barranca or valley of the 
Metlac. It will be 1072 ft. in length, and 353 
from ground surface to rail level It is to be 
constructed in three openings of 300 ft. clear span 
each, and will be supported on two massive piers 
of wrought iron 353 ft. high. Each of these piers is 
made up of eight rivetted plate box columns 5 ft. 
square, arranged in the form of a cross in plan, 
the four inner ones being spaced 20 ft. apart, and run- 
ning upwards parallel on one side, and inclining in- 
wards on the other, from 20 ft. at the base to 16 ft. 
at the springing of the arches. Two other rec- 
tangular columns of similar structure are placed 45 ft. 
apart, raking inwards, and two more on the other side 
of the pier, 81 ft. 4in. apart, and inclining inwards 
with a batter sufficient to bring them 16 ft. apart at 
their upper ends. ach pier thus consists of four rec- 
tangular box columns, 353 ft. high, parallel throughout 
on one side, and inclining 4 ft. inwards on the other, 





strengthened by four additional struts or raking columns 
of the same size. By this arrangement an effective 
base covering an area 86 ft. long ‘by 50 ft. wide is 
attained. The whole structure is stiffened throughout 
by a complete system of diagonal and horizontal trus- 
sing. 

The railway will be carried over the openings between 
the piers and abutments, by wrought-iron arches, suffi- 
ciently braced and tied together. The abutments 
will be of massive stone work. Beyond this viaduct 
the line passes through a tunnel 200 ft. in length, and, 
with easy ascending gradients, reaches the city of 
Orizava, where it attains an altitude of 4020 ft. For 
12 miles beyond this point the works are light and the 
gradients easy, and from here may be said to com- 
mence the passage of the mountain summit, which is 
reached 18 miles further on, at an altitude of 
8040 ft. above the level of the mean tide at Vera 
Cruz. In these last 18 miles there is a total rise of 
about 3600 ft., giving a maximum and almost con- 
tinuous gradient of 1 in 25;-witliturves of 300 ft. 
radius, Beyond this point to tle’ terminus in 
the city of Mexico, the course of the line lies 
through a table-land, with a slightly varying 
level, the gradients rising gradually to a height of 
8400 ft., and falling to 7340 ft., the level of Mexico 
above the sea. Besides the stupendous viaduct cross- 
ing the ravine of the Metlac, and which is to be called 
the Maxithilian Bridge; there are three other great 
river-crossitigs, One over the river Atoyac, mentioned 
above, 300 ft. long, and 276 ft. above ground level; 
the Canaletta Bridge, 400 ft, long, with a height of 
97 ft. ; and abridge over the. Rio Se¢o, 325 ft. long 
and 55 ft. high. In addition to these great works, 
there are of course very numerous iron structures 
crossing small and‘wmimportant streams, According to 
the last report of the.engineer to the railway, 55 
miles of the line. are opened: for traffic,90 miles are 
constructed, and the tails are being laid, 110 miles are 
completed so far as the earthworks, bridging, and 
partial ballasting are concerned, leaving about 40 miles 
in various stages of construction, . In these 40 miics 
are included the 25 miles of the steepest gradient. 
Already 133 miles of telegraph has been completed, 
and the railway workshops-at: Vera Cruz, and the town 
of Orizava are progressing rapidly. The railway is being 
formed only for a single line, about, 10 per cent. of it 
being made double for crossings,and sidings. Special 
engines have been designed to work the gradient of 1 
in 25, and it is intended to employ two locomotives with 
one of Sturrock’s steam tenders placed between them. 
The engine and tender, will each have six coupled 
wheels 3 ft. 6 in. diameter, and will weigh: collectively 
90 tons. The cylinders are to be 16 in. diameter and 
22 in. stroke, ae the brake. power, whichis confined to 
the steam-tender, is applied..to, cast-iron discs, 2 ft. 
8 in. in diameter, keyed. on to the centre of each axle. 
The rolling stock throughout is supplied with Cam- 
mell’s-patent buffers, one to each bufler beam. 

) Phe..construction. of the Imperial Mexican Rail- 
way, originally. commenced by Messrs. Smith, 
Knight, and Co. (Limited), is now.,being carried 
out by Messrs. Crawley and Co., the contractors, 
employed by them, for the ironwork being Messrs. De 
Bergue. ‘The engineers are Messrs. James Samuel and 
Andrew Talcott, and we have to thank the former of 
these gentlemen for the information he has afforded us, 
and from whose official reports we have liberally drawn. 


Messrs. PARENT, SCHAKEN, AND Co.—We gave last week 
a memoir of M. Parent, the deceased head of this house. We 
have now to state that it has been determined to wind up the 
affairs of the concern or company, M. Pierre Schaken being 
named sole liquidator. We hinted last week that railway con- 
struction on the Continent had received a severe check from the 
immense depreciation of shares and obligations, more particu- 
larly of Spanish and Italian undertakings. These have turned 
out very badly indeed, for the capitalists who have embarked in 
them. Thus the 20/. paid shares of the Northern of Spain Rail- 
way are worth somewhere about 2/. 10s, each. The 20/. paid 
shares of the;Roman Railway have fared still worse, having been 
quoted within the last few days at i. 10s. each! About 
50,000,0002. has been nominally embarked in Spanish railways, 
and the shares and obligations at present prices are scarcely 
worth 20,000,000/., while a still further depreciation seems im- 
minent. In Italy the state of affairs is equally unsatisfactory, 
and the difficulties of the moment have been aggravated by war. 
Without wishing to take a pessimist view of matters, we can 
but think that the work of railway construction on the Con- 
tinent is likely to be almost suspended for the next few months, 
and the liquidation of the house of Parent, Schaken, and Co., is 
certainly a significant sign of the times. In Belgium, the 
metallurgical works and mechanical establishments also con- 
template a contraction of their operations, although they are still 
pretty well employed. cir se 

Inp1aw Rattways —The cost of maintaining the permanent 
way onthe East India Railway amounted for the last half year 
to 9d. per mile, 
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Tue machine of which we now give a representation was de- 
sigued some years ago for a Continental house. The construction 
here represented gives no leverage to the strain of the cut, the 
line of action and the line of resistance being brought to coin- 
cide with each other in the axis of the ram. 

The movement of the slotting bar is effected by hydraulic 
power, the bar being formed into a round piston rod at its upper 
end, and furnished with a piston which works in a water cylinder 
exactly in the same manner as the steam piston of a steam 
hammer is worked by steam. The water pressure is furnished 
by a set of three throw pumps, worked by a strap, and contained 
within the cistern placed on the top of the machine, the water 
being admitted to either side of the piston by a plain cylindrical 
valve contained in the valve chest, and acteu upon by a tapped 
rod capable of adjustment for different lengths of stroke. 

The breadth of the two pistons forming the valve is less than 
the width of the water-passages, so that in no position can the 
valve completely cover both ports at the same instant. This 
prevents all shocks in working. 

The return stroke has a quicker motion than the down stroke 
by the difference of spaces to be filled with water above and 
below the piston, the displacement of the piston-rod or slotting- 
bar making the difference. 

The machine shown here has a cylinder 10 in. diameter and 
4 ft. stroke, the piston-rod being8 in. in diameter. The total area 
of piston is 78.5 square inches, and the area of annular space 
below the piston 38.3, the returu stroke has therefore nearly 

hree times the speed of the dowa stroke. The sizeof wheels 





that could be operated upon is up to 12 ft. diameter, the clear 
distance between the tool and the standard being 6 ft. 

This machine occupies much less room than those of ordinary 
construction ; it also affords great facility in fitting up the ports, 
since the cylinder, with slotting bar and slides, can be made 
independent of the framing, and subsequently bolted to it. 

There is no self-acting feed motion shown in the drawing, as 
large slotting-machines are best worked without such a con- 
—, the constant attention of the workman being indispen- 
sable. 

The pumps, instead of being worked by a belt, could some- 
times with advantage be driven direct from the fly-wheel shaft 
of a small high-pressure steam engine. 





Tue Mtantonomon.—This ship is now lying at Portsmouth. 
She was towed for a good part of the way across the Atlantic 
by the vessels which formed her escort, This was not because 
of any inability to steam her own course, but from the fear that 
her supply of coal might be exhausted, in case of rough weather, 
before making land. Without coal she would, of course, be 
helpless, as she cannot sail The supply taken was 400 tons. 

Sku Friction.—Under the authority of the Indian Govern- 
ment, an interesting experiment will —— be tried upon the 
Clyde, upon two boats of the same size and form (90 ft. long and 
14 ft. wide), building for the navigation of the Godavery. One 
will have painted iron plates on steel ribs, and the other will 
have brass plates, and the object will be to ascertain the difference 
of power required to move them respectively at a given speed. 





Tae Wuitwortn Company (Limitep).—A brief 
paragraph which appeared in our last number, with 
reference to the Whitworth Company, was likely to 
convey the impression that it was about to pass bodily 
out of existence. The winding up, however, is merely 
a matter of form, as will be seen from the following 
statement :—The company which has been voluntarily 
wound up, and the final meeting of which is advertised 
in the London Gazette and the Times, simply in com- 

liance with the terms of the “Companies Act,” is a 
joint stock company, which was formed in 1863 to 
work the businesses of Messrs. J. Whitworth and Co. 
and the Manchester Ordnance and Rifle Company, and 
the names of both these firms were retained as the 
name of the company, and the two businesses were 
worked as separate concerns, although belonging to 
the same proprietary, until 1865, when all the former 
shareholders, except one, united to form the two busi- 
nesses into one, under the name of “The Whitworth 
Company, Limited,” and to do this it became necessary 
to wind up the Joint Stock Company formed in 1863 ; 
and it is this company, and not the one formed in 
1865, which has been voluntarily wound up. 
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ENGINEERING PROGRESS. 


One wonder so soon succeeds another in the pro- 
ress of engineering and mechanical science, that it is 
ifficult for the | to obtain a clear view of the ac- 

cumulated marvels of even a few years. It is more 
than difficult now, and it is perhaps impossible to fully 
realise the days before gas-lighting, and steam naviga- 
tion, and railways, and electric telegraphs, and especially 
the days before the cheap press, which, by newspapers 
and books, and reviews, has so stimulated and popu- 
larised every kind of human knowledge. But the 
wonders of recent progress are hardly = and they 
carry with them the promise of still greater progress in 
the future. It is but a few years since deep-sea tele- 
graph cables were unknown ; but a very few years since 
the cheap and rapid conversion of iron by the Besse- 
mer process was regarded rather as the amusement of 
an alchemist than as practicable on the commercial 
scale; and it is but a very few years since the steam 
plough was reckoned an absurdity. How can we now 
estimate the ultimate value of these three inventions 
to mankind? How long is it since it was thought 
a to plate ships with armour, and to make 
and work guns of more than five tons weight, 
and to burn more than 16 lb. of powder? How 
long is it since the monitors or turret ships 
were ridiculed as unfit, if not for harbour service, 
at least so for sea? It is but a short time, compara- 
tively, when the plans of the Great Eastern and of the 
larger iron-clads wee regarded as monstrous and ex- 
travagant, if not wholly impracticable. What ridicule 
was there when it was seriously proposed to tunnel 
sub-London with underground ome aay And what 
would have been thought five or six years ago of taking 
a railway up to Hampstead on a gradient of 1 in 27, 
with a station halfway up? ‘Traction engines, six or 
seven years ago, were said to be out of the question; 
twenty-ton blocks of steel were hardly thought of; 
Mr. Ramsbottom’s scoop apparatus for picking up 
water while a train was in motion was an idle scheme ; 
the injector was a highly ingenious but useless toy; 
the centrifugal pump was barely recognised; steam 
fire engines were believed to be, on the whole, in- 
ferior to hand engines; the pneumatic railway had 
not been heard of; breech-loading firearms were me- 
chanical playthings unsuited to the uses of war ; gas in 
railway trains was quite unnecessary, if not inappli- 
cable; the gas engine itself could never be made to 
work ; and the drawing of steel tubes in the cold state 
was absolutely impossible. Brick machinery was but 
little used ; photography was but little practised; gun- 
cotton was a chemical failure. Aluminium had no 
practical application; the coal dyes had not been dis- 
covered, bes the wonderful process of making artificial 
stone by the reaction of chloride of calcium upon sili- 
cate of soda had not even taken shape in the brain of 
its inventor. What ironmaster would have listened to 
proposals for building blast furnaces 102 ft. high, and 
of a capacity of 26,000 cubic feet, or for heating the 
blast to 1300°? As for Siemens’s furnaces, they were 
laughed at. Who believed in frictional gearing, by 
which heavy rolling-mills are now driven ; and who was 
aware that Mr. McHaffie could make castings of any 
form, with all the hardness of the hardest iron, the 


ticability and economy of superheating and surface- 
condensation, and pooh-poohing high steam, great 
expansion, and quick piston speeds. 

ven in the practice of civil engineering it is not 
so long since engineers were in doubt as to the fitness 


cylinder foundations. Wrought-iron arches have given 
much — for discussion, and twenty years ago it was 
believed that the wrought-iron sides of tubular bridges 
would crumple up like paper. Mr. Brunlees’s disc piles 
would, it was thought, be shifted out of their p 
in the Morecambe viaducts. To all that was proposed 
in the way of improvement there was wide unbelief ; 
but we have seen how the liberal feeling of a few, and 
their just confidence in the resources of engineering 
skill, have placed the success of each of these innova- 
tions beyond question. It is common to hear it said 
of every successful novelty that it was sure to go, and 
its success was foreseen. Strictly, this must be quite 
true; for what does succeed must have had the ele- 
ments of success from the beginning, and some one 
must have foreseen the success. But very few of those 
who take credit for their foresight and discrimination, 
after a new principle has been successfully reduced to 
practice, could have been really counted among its 
early advocates and expounders. Very few, indeed. 
Who that can take a wide view of past progress, and 
the present direction of improvement, can doubt, for 
instance, that the farmer’s steam-engine will yet share 
in all the refinements of locomotive practice? Yet we 
copied, last week, from one of the patent journals, 
dealing incidentally with engineering, the authoritative 
declaration of the “ utter a-a absurd fallacy” of the 
proposal to work farm engines at 150 Ib. steam, 300 
revolutions, seven or eightfold expansion, &c., the 
engine, of course, to be very light in comparison with 
the clumsy contrivances which the present portable 
engines really are ! 

ho that is competent to deal with such questions 
shall say that we may not yet make war in submarine 
vessels, sail in the air, run trains under the sea or over 
the sea to France and to Ireland, burn all our fuel in 
the gaseous form, and cultivate the soil entirely by 
machinery? We could name, were we permitted to 
do so, engineers in the highest repute, who say they 
believe the days of the steam engine itself are nearly 
numbered, that hot air will yet take its place, as an 
agent producing far greater effects in proportion to the 
heat applied to it, and from which all, or nearly all, its 
heat, after doing its work, may be again recovered. We 
do not desire to go fully now into questions like these. 
They are of great magnitude and of great promise, and 
no doubt they present. great difliculties, yet, like 
thousands upon thousands of former difficulties, many 
if not all of these will be eventually surmounted. 








STEEL RAILS. 


Harpy anything can be more variable than the 
quality of ordinary railway bars. When properly 
made from good iron, they will last from five to seven 
years in a line having the traffic of the Great Northern, 
and they have withstood fifteen and even twenty years’ 
wear upon lines worked with lighter and less frequent 
trains. On the other hand, it has been common, 
within the last ten years, to meet with rails which 
would split or crush after a few months’ use, and others 
would occasionally break in unloading from the wagon. 
Every railway engineer is aware that the quality de- 
pends almost wholly — the manufacture, and is ap- 
proximately represented by price. 

Since the introduction of the Bessemer process, and 
the partial adoption of steel rails, a notion has some- 
how prevailed that, being all made in the same manner, 
all Bessemer rails must be alike in quality. That 
their quality may be remarkably good there can be no 
doubt with those who saw them twisted like the blade 
of an augur, and without crack or flaw, in Mr. Besse- 
mer’s case in the International Exhibition; nor with 
those who have seen the Chalk Farm rails, which wore 
out seventeen faces of contiguous iron rails; nor with 
the few who have seen a Bessemer rail taken out of the 
line in a hard frost and at once bent double under the 
steam-hammer, without the slightest failure of the 
material. 

The extraordinary quality of these rails may be 
secured with certainty in all others made by the same 
process, but only by the use of iron free from sulphur 
and phosphorus. The inventor stated this, most dis- 
tinctly, six years ago, in his paper read at the Institu- 
tion of Civil Engineers, and great as is the induce- 
ment to employ ordinary English or Scotch irons in 





toughness of copper, and the malleability of lead? 


The marine engineers, too, were debating the prac- —— in the steel trade that only pure hematite iron 
Wh 


make good steel rails. Iron contaminated with 
impurities other than carbon and silicon, upon which 
alone the Bessemer process can properly act, will turn 
out the worst rubbish, wholly unfit for railway pur- 
poses, or, indeed, for any purpose whatever. ten 


of concrete, and the economy and ot of | with suitable irons, the steel may be made too hard, 


but this is the fault of the maker, who has the hardness 
perfectly under control. It should be widely known 
that the rails which showed such wonderful endurance 
at Chalk Farm, now that one of them, if not both of 
them, has been taken up, are found to be unbreakable 
by any force that can be applied to them. Their hard- 
ness is such as to insure a hurability beyond anythin 
before contemplated, and yet their toughness is such 
that they may be drawn into the finest wire. 

But steel rails have broken, and, we may say, a 
considerable number of them have broken, on one of 
the lines where they have been adopted. We might 
name the maker who supplied them, but this is not 
necessary. The fact argues no more against steel 
rails generally than would the breakage of as many 
iron rails be an argument against iron. Either the 
steel had been made too hard, or, what is more likely, 
the maker had been sailing too close to the wind in his 
attempt to use Scotch or other common iron along with 
hematite worth 4/. or more per ton. 

So far as we are aware, no test has been established 
for steel rails, yet the interests of railway companies 
require that one should be adopted, even if it be not an 
extreme one. Our own belief is that every steel rail 
should be capable of being bent double in the cold 
state without flaw, and that it should resist the blow 
of a 5 cwt. ram falling 20 ft., a test twice as severe as 
that applied to iron rails. The “ Steel Committee,” 
formed by Mr. Berkeley, Mr. Fowler, Mr. Scott 
Russell, Mr. W. H. Barlow, and Captain Galton, 
should give this most important point their earliest 
consideration with a view. to its complete determina- 
tion. Without tests and penalties, the make of 
Bessemer steel may degenerate to the quality of the 
poorer kinds of Welsh iron. 








THE TURRET SHIPS. 


Wiruovt giving the name of the “ American Engi- 
neer” who writes the letter, on another page, re- 
specting large-bore guns, we may repeat what we have 
said on a former occasion, that he is one whose state- 
ments, however we may criticise some of them, deserve 
the best consideration from the position of the writer, 
who, of all men in America, sliould be the best informed 
upon the subject upon which he writes.’ We are not 
in a position to endorse all he says of the American 
heavy guns, but our Admiralty and War Office autho- 
rities will find his remarks and reasoning most sugges- 
tive, 

No one can doubt that the turret system has gained 
a great triumph within the last two or three weeks. 
The remarkable disclosures contained ‘in Captain 
Powell’s report of 1861, and which was only wrung, a 
few weeks ago, from an unwilling official department, 
have created astonishment that the provéd capabilities 
of the turret system could have been so long concealed. 
But the stronger facts are the triumph of the Royal 
Sovereign’s turret over the 9 in. rifle gun, and the suc- 
cessful voyage of the Mi-an-to-vo-moh across the Atlan- 
tic. The American craft has become the lion of the day, 
and she has made thousands of converts of previous 
unbelievers. All that we have lately seen goes to show 
that she would be a match for anything, except a shi 
like herself. No shot that we could fire at her woul 
be likely to do her any harm, while as for her guns we 
must own that, however we may doubt their material, 
they are very formidable. We have no doubt very 
much to learn of cast iron, when carefully selected and 
mixed, melted in a reverberatory furnace so as not to 
contaminate it with the sulphur which is present in 
probably all cokes used in cupolas, and so cast as 
to prevent sponginess in the centre of the mass, and 
so cooled as to avoid all strain due to unequal 
contraction. The American railway wheels, of cast 
iron, of which we have had something to say in our 
“Trip to America,” on another page, are wonderful 
for their strength. We are not likely, however, to 
return to the costly experiment of the Royal Gun 
Foundry, where cast-iron guns were once made at 
Woolwich, nor should we feel entire confidence in any 
cast-iron guns which private firms might produce. 
When we know that the American 15 in. guns have a 
service charge of but 35 lb. of powder, it is not enough 
to be told that they may be fired with 601b. So may 
our 9in. gun, but could we depend upon its endur- 





the converters, it is a fact well established and ac- 


ance P e presence of these four cast-iron guns at 
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Portsmouth, and the knowledge that much heavier 
guns are in reserve at home, must, however, put our 
ordnance engineers upon their metal. We are not 
certain that our plated ships might not be smashed 
should we meet one of the monitors in war, and we are 
almost certain that our present guns could not smash 
them in return, Our naval power is not secure while 
we are confined to even our large 12 ton guns, and we 
have but comparatively few of these yet ready for 
service. 


THE ATLANTIC TELEGRAPH. 

To-morrow, with the start of the Great Eastern 
from Sheerness, will commence the fifth expedition to 
lay a telegraph cable across the Atlantic. It is now 
nine years since the first attempt was made to lay the 
first cable—a cable having a central core formed of 
seven copper wires of No. 22 wire gauge (laid six 
round one), insulated by three layers of gutta percha, 
and protected by a serving of tarred hemp, surrounded 
by eighteen strands of charcoal-iron wire, each strand 
being composed of seven wires of 224 wire gauge. 
This cable had a total weight of 20cwt. per knot in 
air, and 13.4 ewt. in water, and had a contract breaking 
strain of 4.85 times its weight per knot in water. The 
total length of the cable shipped was 2174 nautical 
miles, a length which was divided between the Aga- 
memnon, a vessel provided by our own Government, 
and the United States frigate Niagara. It was ar- 
ranged that the laying of the cable should be com- 
menced by the Niagara, the shore end being landed at 
Valentia, and that, after she had discharged almost the 
whole of her cargo, a splice should be made with the 
cable carried by the Agamemnon and that the latter 
vessel should continue the laying of the remainder of 
the cable. Unfortunately, however, the cable parted at 
about 280 miles from Valentia, after a length of about 
330 miles had been laid, and the whole undertaking 
was consequently postponed. In the following year, 
however, 1858, an additional length of cable having 
been manufactured to make up for the portion lost in 
1857, a renewed attempt was made, it being arranged 
this time that the Niagara and Agamemnon should 
meet midway on the Atlantic, that a splice should then 
be made between the two portions of the cable, and 
that the two vessels should then shape their courses for 
Newfoundland and Valentia respectively. After ex- 
periencing most violent weather, the vessels met at the 
rendezvous on the 25th of June, and on the following 
day made the first splice. This, however, was broken 
almost immediately, and a second splice had to be made 
before the vessels started. After about 80 miles had 
been paid out, the cable parted, and the vessels had to 
return and make the third splice. Bad luck, however, still 
attended the expedition, and after about 260 miles had 
been run out from the vessels, the cable again gave way. 
The vessels then returned to Queenstown ; but another 
trial being determined upon, they again proceeded to 
their rendezvous, this making the third expedition to 
lay the cable. The final splice was made at midnight 
on the 28th July, 1858, aa this time the attempt was 
successful, the vessels arriving at Trinity Bay, New- 
foundland, and Dowlas Bay, Valentia, almost at the 
same time on the 5th of August. The shore ends 
were then landed, and up to the 3rd of September 
following about 400 messages were sent through the 
cable. On the date last mentioned, however, the cable 
failed, and no intelligible signals were ever received 
through it afterwards. 

This failure, however, did not cause the abandon- 
ment of the enterprise. After several attempts had been 
made to recover the lost cable, the Atlantic Telegraph 
Company issued its prospectus on the 22nd of Decem- 
per, 1862; and in May, 1864, a contract which had 
been previously entered into was concluded, and the 
construction of the cable was put into the hands of the 
Telegraph Construction and Maintenance Company, 
formerly Messrs. Glass, Elliot and Co., who were to 
receive payment in unissued shares of the Atlantic 
Telegra i Company. The cable, which was manu- 
factured under the above contract, was in many re- 
spects a great improvement upon tiat of 1857-8. A 
committee, consisting of Mr. W. Fairbairn, Mr. Whit- 
worth, Captain Galton, and Professor Thomson, was 
appointed to determine upon its construction, and the 
experiments made by the gentlemen furnished many 
important data. One important point ascertained was 
the depreciation in the insulating power of all the 
substances experimented upon, occasioned by the ab- 
sorption of water when immersed in that liquid and 
subjected to a high pressure. Under a pressure of 








5900 lb. per square inch, the greatest impermeability 
was shown by vulcanized india-rubber, the other sub- 
stances experimented upon taking the following order 





of excellence: 2nd, Chatterton’s compound; 3rd, 
gutta percha; 4th, masticated india-rubber; 5th, 
Wray’s compound; 6th, carbonized india-rubber; 7th, 
india-rubber not masticated, When the pressure was 
increased to 15,000 Ib. per square inch, however, this 
order was slightly modified, the series then standing 
as follows: 1st, Chatterton’s compound; 2nd, gutta 
percha ; 3rd, masticated india-rubber ; 4th, carbonized 
india-rubber; 5th, Wray’s compound; 6th, india- 
rubber not masticated. Vulcanized india-rubber does 
not seem to have been tried at this pressure. 

The temperature of the water influenced in an im- 
portant degree the amount of absorption. In both the 
above series of experiments the temperature had gene- 
rally been below 45° Fahr.; when, tena this tem- 
perature was increased to an average of 75° Fahr., the 
pressure being at the same time raised to 20,000 Ib. per 
square inch, the respective valves of the different insu- 
lators was found to be as follows: 1st, Chatterton’s 
compound; 2nd, gutta percha; 38rd, india-rubber ; 
4th, Wray’s compound; 5th, vulcanized india-rubber. 
Under the pressure of 20,000 lb. per square inch, the 
absorption of gutta percha was increased six times by 
raising the temperature of the water from 45° to 75°, 
that of india-rubber being under the same cireum- 
stances increased two and a half times. Long con- 
tinued immersion had also a great effect upon the in- 
sulating power. In the case of the Gibraltar core, the 
time which elapsed before a certain fixed quantity of 
the charge had escaped was, after the cable had been 
immersed under a pressure of 10,000 lb. for 282 hours, 
136 minutes ; a power of retention which was reduced 
to 32 minutes after 405 hours’ immersion. In another 
case, the insulation ofa core of india-rubber was almost 
destroyed by an experiment of 80 hours’ duration. 

In the case of the Atlantic cable, the conductor 
(which consisted of a strand formed of seven copper 
wires, No. 18 wire gauge, laid six round one, an m- 
bedded in Chatterton’s compound) was insulated by the 
application of four layers of gutta percha, alternated 
with four layers of Chatterton’s compound. Great care 
was taken in the selection of the copper forming the 
conductor, it having been ascertained by experiment 
that the conductivity of copper varied in different 
specimens as much as 85 per cent.; the presence of 
arsenic being extremely prejudicial. In the case of 
that employed in the construction of the conductor of 
the Atlantic cable, the conducting power was not to 
be more than 15 per cent. below that of pure copper, 
all the material used being carefully tested. The core 
just described had a diameter of .464 of an inch, and 
weighed 400 lb. per nautical mile. Next to the core 
was a padding of soft jute yarn, saturated with a pre- 
servative mixture, and around this the protective coat- 
ing, consisting of ten wires, .095 of an inch in dia- 
meter, drawn from Webster and Horsfall’s homo- 
geneous iron, and each enwrapped in five strands of 
Mauilla yarn, saturated with a preservative compound ; 
these wires being laid spirally. The cable had a break- 
ing strength of 7 tons 15 ewt., its weight in air being 
35 ewt. 3 qrs., and in water 14 ewt. per nautical mile. 

Of the cable thus made 2400 miles were supplied 
and shipped, the distance from Valentia to Newfound- 
land being 1640 miles. During the progress of its 
construction, the cable was tested in the most search- 
ing manner, and every care was taken to discover any 
fault which might oceur. As the cable was completed, 
it was stowed away in eight large tanks erected at 
Morden Wharf for the purpose of receiving it, and 
from these tanks it was conveyed to the Great Eastern 
by two hulks, the Iris and Amethyst, which had been 
lent by the Lords of the Admiralty for the purpose. 
The Great Eastern had been chartered by the Tele- 
graph Construction and Maintenance Company, and 
litted with three large tanks, situated, one in the fore 
hold, one nearly amidships, and one in the after hold. 
The fore tank was 51 ft. 6 in. in diameter by 20 ft. 6 in. 
deep, and held 693 miles of the cable, whilst the middle 
and after tanks were 58 ft. 6in. in diameter by 20 ft. 
6 in. deep and 58 ft. in diameter by 20 ft. 6 in. deep, 
and held respectively 899 and 898 miles of cable. The 
total capacity of the tanks thus amounted to 2490 miles 
of cable. 

The paying-out machinery, like the new cable, was a 
great improvement on that supplied to the Niagara and 
Agamemnon for the first Atlantic cable. After leaving 
the hold, the cable was laid over a light Y-pulley, the 
shaft of which was fitted with a friction-wheel for regu- 
lating the speed. From this pulley the cable passed 
along a wrought-iron trough to the paying-out 
machinery, this trough being furnished with smaller 
V-wheels, and also with guide-wheels at the angles. 
The paying-out machinery consisted of six Y-wheels, 


having their shafts fitted with brakes, and also having 





bearing upon them an equal number of jockey or 
riding wheels, the shafts of which were likewise pro- 
vided with brake straps and levers loaded by weights. 
These wheels, &c., served to keep the cable. taut on 
the paying-out drum, this drum being 6 ft. 1 in. in dia- 
meter by 1 ft. broad, and the cable taking four turns 
round it. The drum was provided with “ knives” to 
prevent the overriding of the cable, and upon its shaft 
were placed a pair of Appold’s brakes. A duplicate 
drum and brakes was provided in case of accident; 
and the overhanging shafts of both drums were fur- 
nished with belt-pulleys for connecting them with 
duplicate brakes in case their own should fail. From 
the drum the cable passed under the dynamometer 
wheel to the stern wheel, the latter being a strong 
V-wheel, supported by wrought-iron girders over- 
hanging the stern, and having a bell-mouthed casting 
placed half round it to prevent the cable from being 
injured by its flanges. 

The dynamometer consisted merely of a weighted 
pulley placed between two other pulleys, and having 
the cable passed under it at an obtuse angle. When 
the strain upon the cable was increased, it straightened 
it and raised the weighted pulley, the amount of the 
strain being shown by a scale fixed to the guide-rods 
of the dynamometer wheel. According to the indica- 
tions of the dynamometer the pressure on the brakes was 
increased or relieved, by means of an apparatus re- 
sembling a double-purchase crab, placed near the 
dynamometer, and connected with the weights by which 
the brake levers were loaded in the following manner : 
From the drum of the crab (which was worked by 
gearing connected with a pair of steering wheels) a 
chain led to a small drum fixed upon a shaft which ran 
longitudinally over the whole length of the frame carry- 
ing the six Y-wheels. On this longitudinal shaft were 
also fixed six other small drums, these having chains 
depending from them, and connected with the weights 
by which the jockey-wheels were pressed down on the 
lower wheels. When the first-mentioned chain was 
coiled on the drum of the crab, it was uncoiled from 
the corresponding drum on the longitudinal shaft, and 
thus imparted motion to the latter, and raised the 
weighted levers by coiling the chains coupled to 
them upon the small drums. Ali the brake wheels 
were run in water. In addition to the paying-out 
gear, the Great Eastern was fitted with picking-up 
machinery, this latter, however, proving, when it came to 
be actually used, lamentably defective, and eventually 
leading to the temporary loss of the cable. Buoys, 
&e., were also provided in case the cable should have 
to be cut away. 

On the 24th of June, 1865, the Great Eastern left 
her moorings in the Medway, with the cable on board ; 
and on the 23rd of July following the vessel com- 
menced the actual laying of the cable, the shore end 
having been landed at Foilhummerum Bay by the 
Caroline on the previous day. The non-success of the 
expedition, and the eventual fate of the cable of 1865, 
are matters of such recent occurrence that it will be 
unnecessary to give an account of them here, and we 
may therefore proceed to describe the cable which is 
now on board the Great Eastern, and point out the 
improvements which have been made in the mechanical 
arrangements to enable it to be laid with success. 

For the new cable nearly the whole of the funds 
have been subscribed by the directors of the Telegraph 
Construction and Maintenance Company. ‘These 
gentlemen have invested 100,000/. in the new ex- 
pedition, and eight of them have also subscribed 
10,0007. to the Anglo-American Telegraph Company, in 
which Mr. Cyrus Field has taken a similar amount of 
stock. The arrangements made with the Great Eastern 
Steamship Company are, that if the new cable is success- 
fully laid, they are to have transferred to them 25,0007. 
in shares of the Anglo-American Telegraph Company, 
and in the event of the cable of 1865 being completed 
they are to have a further amount of 50,000/. in 
ordinary stock of the Atlantic Telegraph Company. 
There are also some minor arrangements about the terms 
upon which the ship can be retained for further service 
after the cables have been laid, but into these it is not 
necessary that we should enter. 

We have dwelt somewhat upon the details of 
construction of the cable of 1865, and of the machinery 
for laying it, because there are many points of resem- 
blance between them and the corresponding details of 
the new cable and machinery. -The core and insulation 
of the new cable is exactly similar to that of 1865, but 
the protective coating has been slightly modified. It now 
consists of ten wires, .095 in. in diameter (No. 13gauge), 
drawn from Webster and Horsfall’s homogeneous 
iron, and galvanised, each wire being surrounded 
separately with five strands of white Manilla yarn, and 
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the whole being laid spirally round the core, which is 
padded with ordinary hemp saturated in a preservative 
mixture. The weight of the new cable is 143 ewt. per 
nautical mile in water, and 31 ewt. per nautical mile 
in air, its specific gravity being thus slightly greater 
than that of the cable of 1865... Its contract breaking 
strain is 12 times its weight in water. As in the case 
of the cable of 1865, the new eable has been tested 
throughout the whéle course of its construction in the 
most careful mannér,and the progress which has been 
madein telegraphic science Eilbeonturned to the utmost 
account in making the tests as delicate and accurate 
as possible, ..It-would bé impossible,for.us to desexibe, 
these tests, or the instrtiments used for carrying: them 
out, within the limits of the present article, and we 
must, thereforey refer such of our readérs as require 
further information on this portion of the subject to 
the numbers of this journal for the 2nd, 9th, and 16th 
of March last, in which, at pages 130, 148, and 173, 
respectively, will be found articles in which the 
principles of these tests are explained. The total 
quantity shipped of the new cable is about 1750 miles, 
making, with the remainder of last year’s cable, a total 
length of 2730 miles. Of, this: length a portion is to 
be employed in completing ‘last year's cable, as we shall 
explain presently; and to relieve the Great Eastern 
from a part ‘of thé ‘immense load which. she~would 
otherwise have to carry, 315 miles fhe remhainder of 
last year’s cable has been shipped om board the Med- 
way, a screw steamer of 1900°tons burthen, belonging 
to the British and American Steam Company, which 
has been chartered by the telegraph company for the 
purpose. 

The cable was conveyed from the works of the Tele- 
graph Construction and Maintenance Company to the 
Great Eastern by the two Government hulks, Iris and 
Amethyst, which had performed the same duty for 
last year’s cable. The operation of coiling the cable 
into the tanks of the Great Eastern was a very simple 
one. The cable was led from the hulk alongside, over 
a series of V-pulleys, into a temporary wooden house 
erected over the tank into which the cable was to be 
coiled. In this house was placed a very rough-looking 
er of machinery, by means of which the cable was 
1auled on board. It consisted of a frame carrying a 
yair of shafts, on one of which was fixed a Y-wheel, 
into the groove of which the cable was pressed by a 
small weighted wheel running upon it. On the same 
shaft as the V-wheel was tixed a large belt pulley, 
this pulley being driven by a belt leading from another 
and smaller belt pulley fixed upon the second shaft. 
This last-mentioned shaft also carried a V-pulley, in 
which ran an endless wire rope leading to a similar 
pulley on the crank-shaft of a small oscillating engine, 
which was placed near the stern of the vessel, and 
which was, by means of this wire rope, enabled to 
communicate motion to the coiling-in machinery over 
whichever hold it might be placed.\.. The: machine just 
described was furnished with a counter, which regis- 
tered accurately the quantity of cable taken in. From 
the V-wheel, by which the cable was hauled into the 
vessel, it passed down through an iron ring, about 1 ft. 
9 in. in diameter, into the tank, where it was received 
by men who laid it in regular coils. The rate at which 
the cable was taken in varied from 2 to 5 miles per 
hour; with a good set of men in the tank, 30 miles 
could be coiled in during a working-day of 104 hours ; 
but 25 miles was considered a fair day’s work. The 
state of the cable was continually tested during the 
whole time the coiling was taking place. *Last night 
the last portion of the cable was taken in ‘from thé 
Iris, and ‘the lengths now in the tanks of the Great 
Eastern are as follows : In the fore tank, 670 miles of 
cable and 3 miles of shore end; in the middle tank, 
865 miles of cable; and in the after tank, 839 miles ; 
making a total of 2374 miles of cable and 3 miles of 
shore end. 


In general principle the machinery for paying out the 
new cable is the same as that employed mi 1865, but 
many improvements have been made it.’ Amongst 
other things it has been connected with a pair of trunk 
engines, made by Messrs. John Penn and Son, which 
work up to 80 horse power, and which will be employed 
for Gali in the cable over the stern of the vessel, if 
such a course should become necessary. The picking- 
up gear fitted to the fore part of the vessel is quite 
new, and is very much more powerful than that used 
last year. It is driven by a pair of trunk engines, 
exactly similar to those connected with the paying-out 
machinery, and consists of apairof iiaaaialene 6ft. 
in diameter, fixed upon saad shafts at a short distance 
apart. The drums are each furnished with a powerful 
brake, and are driven through ‘an arrangement of gear- 
ing interposed between them and the engine, this 


two different speeds. The cable will be led to the 
hauling-in drums over a series of V-guide pulleys inter- 
posed. between. them and the Y-wheels carried by a 
frame fixed on wrought-iron girders, projecting over 
the bows of the vessel. In addition to the improve- 
ments made in the paying-out and picking-up machinery, 
many things have been done to the Great Eastern it- 
self. ‘The bottom has been. thoroughly cleaned, 
and many repairs and’ renewals ‘have’ been made 
in thé’ rigging and other general fittings. The 
size of ther paddle floats has’ also'-been reduced, 


and the wheels have been fitted witht an arraiger 
by whticheither.,of: theme: ¢ait, be readily. 
'contiected ‘fess ‘ thay four minutes: ‘adedionon. 
‘necting apparatus is very simple ; the innef'éind of each 
paddle-shaft is furnished with a large dis¢# A:Gh it, 
and around each‘of these discs is ‘placed *@ sshtap fur- 
nished with a boss, into which the outerie 
corresponding crank-pin enters. Each stig 
open on one side, the ends of the strap on’ € 
the ‘opening’ being furnished with lugs like those of an 
eccentric strap. By means of a right and left handed 
screw working in these lugs, each strap can be drawn 
tight round its disc, and thus made to drive the 
latter by friction. ‘The screw for tightening up each 
strap is turned by a worm gearing into a worm-wheel 
fixed on it, the spindle of the worm being also furnished 
with a worm-wheel, which is, in its turn, driven by a 
‘worm moved by a hand wheel. This disconnecting 
gear will prove of great use in giving perfect com- 
mand over the vessel whilst she is engaged in picking 
up the cable of last year. Amongst the many im- 
provements which have been introduced in the appara- 
tus to be employed during the present expedition, we 
must not forget to mention sr which have been 
made in the instruments for testing and signalling. 
The kind of instrument which will be imately 
adopted for transmitting messages, is, we believe, 
not yet finally determined upon; but the various 
instruments employed for testing and for trans- 
mitting signals between the ship and shore. have 
had many improvements introduced into them, 
and their delicacy has been greatly increased. 
How great this delicacy really is was most effectually 
shown a few days ago, when a bight of the cable was 
lowered over the side of the Great Eastern after the 
copper conductor had been stripped of its protective 
coating for a length of Sin. To prevent the possi- 
bility of a film of insulating material adhering to the 
wire, the latter was polished with sand-paper, yet, 
notwithstanding this, and notwithstanding the fact 
that the part so exposed was about 600 miles from 
the shore end, signals were transmitted through the 
cable without any inconvenience, and were read off 
by Professor Thomson’s reflecting galvanometer. 
Although, however, distinct signals were transmitted, 
the current was a very weak one, and it is very 
doubtful if it would be possible to transmit regular 
mes under similar cirtumstances. Still the fact 
that a perceptible current could be transmitted at all 
was a eunlh which was quite unexpected by most 
people, including the greater number ofthe electricians 
on board. 


The Great Eastern will be accompanied on her 
present expedition by H.M.S. Terrible, and by the 
steamers Medway, William Cory, and Albany. All 
these vessels, except the Terrible, have been provided 
with grappling gear, buoys, &c., similar to those on 
board .the Great Eastern. The William Cory will 
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‘carry the shore end of the cable, which’ is to be landed 


at Foilhummerum Bay; this shore end is 30 miles in 
length, and weighs about 20 tons per mile. The 
Medway will have on board, in addition to the 315 
miles of last year’s cable, the strong cable, 91 miles in 
length, which is to be laid between Newfoundland 
and the American continent. The load of the Great 
Eastern herself will consist of nearly 2400 miles of the 
cable, together with 8500 tons of coals and 500 tons 
of telegraph stores, making with the tanks, &c., her 
total dead weight of cargo more than 14,000 tons, this 
load being exclusive of her engines, masts, ship’s 
fittings, &c., which will amount to about as much more. 
Amongst her a stores are included 20) miles of 
grappling-rope, capable of bearing a strain of 30 tons, 
and 5 miles equal to a strain of 11 tons. 

After the coaling of the Great Eastern has been 
completed at Bearhaven and the splice made with 
the shore end, the vessel will proceed on her voyage, 
and will first lay 100 miles of the new cable. A splice 
will then be made with a portionof the:cable remaining 
from last year, and of this 300 miles will be laid down 
the gentle slope into deep water known ’as the Trish 
Bank. Another splice will:bé then made, and for 
the remainder of the distance the new cable only 


occupy more than ten days, if no accident. occurs, and 
during this time signals will be constantly sent. from 
the vessel to the shore, stating the position of the ship, 
the state of the weather, the grag cable paid out, 
&c. Professor Thomson, with Mr. Willoughby Smith, 
will go out in the Great Eastern in charge of the elec- 
pm arrangements, whilst Mr. C; F. Varley will re- 
main at Valentia in charge of the, shore end. The 
arrangements for laying the cable will be under the 
charge of Mr. 8S. Canning, Mr. Henry Clifford, and 
Mr. Temple, and the ship will be under the command 
of Captain Anderson. 

If the cable is. successfully laid, as there is every 
reason to believe it will be, the Great Eastern is to 
take in a further supply of coal at Newfoundland, and, 
accompanied by her squadron, proceed to the spot 
where the end of the cable was lost last year. Efforts 
are then to be made to grapple the cable, and, if the 
end can be got on board, a splice is to be made with 
it, and the pt of the cable completed. After the 
experience of last year, there seems little reason to 
doubt that a hold can be obtained of the cable now at 
the bottom of the Atlantic, and that, by the aid 
of the improved: picking-up machinery, it can be 
raised to the surface. The plan that will probably 
be adopted for lifting the last year’s cable will be that 
of two vessels grappling the cable simultancously, the 
one with a: cutting and the other, the Great Eastern, 
with a holding grapnel. The former vessel would be 
about three miles westward of the latter, and the point 
at which the cable would be grappled would be so 
chosen that, although near the end, it would be clear 
of the lost buoy rope, &c., of last year. After the 
cable had been hooked by both vessels, it would be 
carefully lifted; and when it was got fairly off 
the bottom, the vessel with the cutting grapnel would 
apply sufficient lifting power to cut the cable. . This 
weal leave three miles of free cable to the west of the 
Great Eastern, and the latter vessel could then pro- 
ceed steadily with the hauling in, at the same time 
working gradually to the eastward, so that the cable 
might be lifted nearly vertically. If, as is expected, 
this grappling operation can be successfully carried 
out, and the remainder of the cable laid, we shall thus 
have two lines of telegraphic communication open to 
America, and there is no doubt but that there will be 

lenty of work for both of them. Mr. Cyrus W. 
Pield, to whose energy and perseverance the carrying 
out of the Atlantic telegraphic enterprise is in a great 
measure due, will out with the Great Eastern, 
and we trust that this time his voyage will be a suc- 
cessful one, and that both the objects of the expedition 
may be accomplished. 


INSTITUTION OF CIVIL ENGINEERS. 

Ar the meeting on Tuesday, the opposition of a few 
membets to the proposal for a new house was such 
that the project is, for the present, abandoned, and the 
subscription list, with 25,000/. promised, is cancelled. 
In other words, the Institution is prevented, by this 
opposition, from receiving this sum, which would have 
doubtless been increased to 40,000/., as the willing 
gift of its members, That the present liouse is 
sufficient for the convenience of the members, not 
to say the importance of the . profession, few 
will admit. That there need be the slightest fear 
that, in the event of erecting and furnishing a new 
building, the Institution would be allowed to want for 
means, no one can seriously pretend, unless, indeed, 
they are incapable of understanding the feelings and 
intentions of the leading members. The real stumb- 
ling block has been the objection of a few to permit 
the Institution to receive unequal gifts from its own 
members, and this objection must utterly fail when 
tested by any principle, and it must, we think, have 
some foundation in jealousy. It is to be regretted that 
the real interests of the Institution should suffer from 
such a cause. 

The movement cannot, however, be permanently 
abandened.. After one or more years have been lost, 
the imperative necessity for further and better aecom- 
modation will be beyond all question or cavil, and the 
gentlemen whose obstinacy has lost the present, oppor- 
tunity will be duly remembered for their pains. . It 
might be that, an anonymous subscription list. would 
prove acceptable to all‘the members, the riames of the 
subscribers being known only to the Council. Were 
such a list started, we are po. that the subscriptions 
would be greater instead of less than they have been. 
We know too well the views of some of the larger 
guarantors on the recent list to imagine that they have 
had the least notion of personal popularity in their 
minds in putting down their hundreds and thousands. 
They knew simply that the work was needed, that. it 














gearing being arranged so that it can be worked at 


will be laid. ‘The entire voyage out is not expected to 


would cost a considerable sum, and, others being: less 
able than themselves, they were ready to put their 
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hands into their pockets and to lay down their money. 
Were they certain that their gifts would not be mis- 
construed, we believe there are those who, for the sake 
of the cause, would have been glad to have given even 
twice what they had heel An anonymous list 
might meet the difficulty. It may be said that the 
names would still leak out. This does not follow. We 
believe that, in the management of the benevolent fund, 
no one beyond the council and the recipients has ever 
known of a single application made for assistance, and 
where not granted, there is not even a record of the 
application. Let the whole case for and against the 
movement for a new house be put fully before all the 
members, and invite them to decide, and if they desire 
to subscribe, to do so anonymously, and if sufficient 
wane are promised, let the question be decided by 
ot. 


SELLERS’S BOLT-SCREWING MACHINE. 


Mr. Wit.1aM Severs, of Philadelphia, whose bolt-screw- 
ing machines are already well known in this country, many of 
them having been made by Messrs. Sharp, Stewart and Co., hus 
recently patented the improvements which we illustrate by the 
accompanying engravings. According to this plan, the revolv- 
ing cutting-dies can be adjusted by hand whilst in motion, and 
the depth of the cut taken can thus be varied at pleasure. 
Several arrangements for this purpose have been designed by 
Mr. Sellers; but of these we only show one in our illustrations, 
as that is = sufficient to show the principle of the machine. 
Figs. 1 and 2 are respectively a plan and vertical section; Fig. 
8 is an end elevation; Fig. 4, an enlarged section of the die- 
box; and Fig. 5,a front view of the die-box with the cover 
removed. 

The ry wep is communicated, by the ordinary belt 
pulleys, to « hollow central spindle, shown in Figs. 2 and 4, 
this spindle having formed on it, at one end, a face-plate, to 
which is attached a cylindrical piece of metal, termed the die- 
box. This die-box is provided with radial grooves, in which the 
cutting-dies can slide — Around the central spindle is 
omy another hollow spindle, as shown in Fig. 4, this spindle 

eing also furnished with a face-plate at one end, and havin 

some spiral grooves cut on the inside of it, the use of which will 
be explained presently. On the face-plate of the outer spindle 
are fixed three spiral cams of equal eccentricity, having between 
them spaces through which the cutting-dies can be readily in- 
troduced; the arrangement, which is similar to that employed 
by Mr. Sellers on his former screwing-machines, is shown by 
Fig. 5. Outside the cams just mentioned is bolted a cover- 
plate, furnished on its inner side with — cams parallel to 
those on the face-plate, as shown in Figs. 4 and 5. This 
arrangement of cams and cover-plate, &c., is called the cam- 
box. 








The dies are made so that their outer ends fit against the 
cams fixed on the face-plate of the outer spindle, and they are 
also furnished with notches on their front side, which fit the 
cams on the cover-plate. The first-mentioned cams are used 
for forcing the dies in to their work, and those on the cover- 
plate for withdrawing them, the revolution of the cam-box 
around the central spindle giving a radial movement to the dies. 
The inclination of the cams with the dies is equal to ahout 5°, 
so that the outward pressure of the dies, when they are making 
a cut, cannot force them back, as would be the case if the angle 
of inclination of the cams with the dies was greater than the 
angle of friction of the surfaces. 

he manner in which the cams are bronght into action is as 
follows: The central spindle is at one end directly supported by 
passing through a boss formed on the bed-plate, whilst at the 
other end it is carried by the outer spindle, which, in its turn, 
s through another boss cast on the bed-plate, As will be seen 
rom Fig. 2, the outer spindle carrying the cam-box only extends 
just through the boss last mentioned, whilst beyond it the inner 
spindle is surrounded by a sleeve which slides upon a feather, 
and is thus made to revolve with the spindle. ‘This sleeve is 
furnished with spiral projections which fit the corresponding 
recesses within the cam-box spindle, and at one end of it it is 
provided with a collar or ring, which revolves in a semicircular 
guide supported and moved by a rod sliding through bosses 
formed above those carrying the main spindle, as shown in Figs. 
1, 2, and 8. On the same figures is shown the handle or lever 
by which the sliding-rod is moved. ‘The semicircular guide is 
secured to the sliding-rod by a gib and screw, so that its position, 
and consequently that of the sliding sleeve, can be varied with 
reference to the stops between which the guide moves. From 
the above description it will be seen that, as the sliding-sleeve is 
moved, by means of the lever and guide, along the central 
spindle, the spiral projections on the sleeve, acting on the corre- 
sponding recesses in the cam-box spindle, turn the latter round 
the die-box, and the dies are thus moved inwards or outwards 
according to the direction of the motion of the cam-box. The 
sliding-rod is enlarged at one end in order to allow the lever to 
be firmly attached to it, and this enlargement forms a stop, 
which prevents the rod being moved beyond a certain distance 
in one direction. When the rod is thus at the end of its traverse, 
the guide which moves the sliding-sleeve can >e adjusted at any 
desired point upon it, the rod being graduated to enable this to 
be done accurately, so as to suit any size of bolt which is to be 
screwed. The movement of the sleeve upon the central spindle 
sof such extent as to cause the revolution of the cam-box 
throughout the whole length of the cams; but as this extreme 
movement would brin, e dies opposite the ings between 
the cams, the motion is limited in one direction by fasteuing the 
gib on the rod so that it acts asa stop by coming in contact with 
one of the bosses, and prevents the full movement taking place. 
When it is required to change the dies, the position of the gib is 
changed, so as to allow the sliding-rod and consequently the 
sleeve to move through their entire traverse. To enable the 
sliding motion of the to produce a rotary motion of the 
cam-box spindle, the spirals are made of such a pitch that they 
form an angle of about 45° with a plave perpendicular to the 
axis of the spindle. 
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WILSON’S BOILER 
We presented in a recent number, a section of Mr. E. B. Wil- 
son’s puddling furnace, as now in use with much success at the 
Milton Ironworks, near Barnsley. We now give a section of the 
same general arrangement of the inclined dead plates, as applied 
to the steam boilers at the works. ‘The direction of the currents 
of air is shown by the arrows, a portion entering opposite the 
centre of the main flue, while the rest goes in through a pierced 
plate, within the door on the extreme left, this plate being 
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TWENTY-INcH GuNs.—The proprietors of the Fort Pitt 
Cannon Foundry, Pittsburg, intend sending a 20 in. cannon from 
that city to the Paris Exhibition. It will be 22 ft. long, 54 ft. 
diameter at the breech, and will weigh 50 tons. When com- 
pleted it will be mounted on an iron carriage weighing 8 tons, | 
and will be accompanied with specimens of balls, shells, and | 
cartridges. The cost of this monster will be about 30,000 | 
dollars. It requires 100 tons of melted iron to cast one, and 
14 days to cool it off properly by means of the water core. 


FURNACE, MILTON IRONWORKS. 





shown in full section, although it is really perforated with nume- 
rous openings. The slack coal is fed through the door at the 
top, and falls at nearly the slope corresponding to the shadows in 
our illustration. The poorest slack is used, there is no stoking, 
no production of smoke, and but very little refuse descends into 
the ash pit at the bottom of the flue. As we stated in our 
former notice, Messrs. Dawes are making a general alteration of 
all their furnaces to Mr. Wilson’s plan. 





Mancuvrine Surps or WAR.—Lord Clarence Paget has 
been putting the Royal Oak, the Resistance, and the Victoria, 
through some manceuvres at Malta. They were each made to 
go through a figure 8 within a prescribed distance, not exceed- 
ing three times the vessel’s own length, as marked out by buoys 
on the water. The ships got through the manceuvre in the 
order in which we have named them above, the Royal Oak first 
and the Victoria last. With twin screws, which are at last being 


| adopted in the navy, ships may turn upon their own keels. 
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On Friday last-about sixty members of the Society of 
Engineers visited the Crossness pumping-station at the Southern 
Ontfall of the Metropolitan Main Drainage. Mr. Bazalgette, 
the engineer in chief to the Metropolitan Board of Works, 
had not only kindly given permission for the visit, but had 
placed at the disposal of the Society the valuable series 
of lithograph drawings of the works, of which it may be 
recollected bound volumes were exhibited in the International 
Exhibition of 1862. The members bled at the London- 
bridge station of the North Kent Railway at noon, and pro- 
ceeded by train to Plumstead, where a train of carriages and 
wagons drawn by one’ of Manning, Wardle, and Co’s tank en- 

ines was in readiness to convey them over the private line of | 
ir. Webster, the contractor, direct to the works. They were | 
received by Mr. Frank E. Houghton, the resident engineer in 
charge, and after a luncheon (in the school-room, provided for 
the children of the men engaged at Crossness), they made a | 
general examination of the works, and afterwards received from 
Mr. Houghton a very clear explanation of their plan and details, | 
the drawings being open for the purpose of reference. Those 
who have not seen the Crossness pumping-station have pro- 
bably little idea of its extent, its architectural beauty, not to 
say splendour, nor of its almost entire freedom from any unplea- 
sant odour from the vast mass of offensive matter upon which | 
it is continually at work. When we visited the works, there | 
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was hardly any evidence to the senses of what was going on in 
their vast subterranean reservoirs, and in the thirty-two great 

umps beneath the engine-house. It is not too much to say that, 
for size, loftiness, and espezially in internal decoration, the 
Crossness engine-palace surpasses anything of the kind yet 
erected. Nor is there reason for believing that solidity or excel- 
lence of workmanship has been in any way sacrificed to display. 

The sewage is brought to the Crossness pumping-station from 
Deptford by a circular sewer 11 ft. 6in. in diameter inside, this 
sewer being laid under the ground at depths varying from about 
1 ft. 6 in. to 78 ft. beneath the surface, the latter depth occur- 
ring in the course of its passage under Woolwich. For the 
greater part of its length this 11 ft. 6 in. sewer is formed of four 
rings of brickwork, but under Woolwich, where, as we have 
already mentioned, it is laid at a great depth, the thickness is 
increased to five rings. The sewer has a fall of 2 ft. per mile, 
and the sewage passes through it with a velocity of about four 
miles per hour. 

The junction of the 11 ft. 6 in. sewer with the various culverts 
at Crossness is shown on the left-hand side of Fig. 1. In this 
figure the upper part is next the river, and it will be seen that, 
from the point where the sewer joins the culverts, an outlet leads 
direct to the river. This outlet passage is termed the deep 
outlet, and discharges the sewage 8 ft. below low-water 
mark, or about 26 ft. below high water level. There are also 
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two other high-level outlets, the use of which will be described 
presently ; these latter discharge the sewage about 2 ft. above low- 
water level. At the junction of the sewer With the works at 
Crossness, — or sliding-valves are introduced, by means 
of which the sewage can either be turned at once into the dee 
outlet, or can be caused to pass into the lowest story of a triple 
culvert, which is laid across the end of the reservoirs between 
them and the river and parallel to the latter. The position of 
this triple culvert is shown in the plan, Fig. 1, aad a section of 
it is given on the right-hand side of Fig. 2. It consists of three 
culverts, one above the other; the lower one, into which tie 
—< can be turned direct from the sewer, being 12 ft. 6 in. 
wide by 9ft. 3 in. high in the centre. The bottom of this cul- 
vert is formed by an invert 1 ft. 104in. thick, and the sides by 
walls 8 ft. 9 in. thick. The top, which also forms the bottom of 
the middle culvert, consists of brick arches turned between 
cast-iron girders. The middle culvert is 13 ft. 9in. wide by 
7 ft. Gin. high, and it is roofed over by York landing-stone 
— cast-iron girders, another layer of York landings, 
supported by the same girders, forming the floor of the upper 
culvert. This last culvert is 18 ft. wide by 12 ft. 6 in. high 
in the centre, and has a semicircular top formed of four rings of 
brickwork, this top being strengthened by counterforts, as 
shown in the figure. The manner in which these culverts are 
used we shall now proceed to describe. 
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As we have already said, the sewage arriving by the 11 ft. 6 in. 
sewer can be turned direct into the deep outlet, and thus dis- 
charged at low water; this, however, is but rarely done, the 
— being to discharge the sewage at or near the time of 

igh water. ‘To enable this plan to be carriedjout, it is necessary 
to raise the sewage considerably above the level at which it is 
supplied, by the sewer, and it is therefore, by means of a pen- 
stock, turned from the latter into the lowest culvert of the 
triple culvert which we have been describing. In Figs. 3 and 4 we 
ive an elevation and section of one of the main penstocks. 
rom these it will be seen that it consists of a cast-iron 
sliding door or valve bearing against a seat, also of cast iron. 
The door is 1}in. thick, and 1s strengthened by ribs at the back, 
as shown; it is raised by chains worked by gearing above the 
and level. From the lower culvert the sewage is led by two 
ranches into the pump chambers, which are each 32 ft. 6 in. 
long by 21 ft. 7} in. wide, aud are 42 ft. deep below the floor of 
the engine-house. This floor is, however, considerably raised 
above the surrounding ground level. By the pumps, which, to- 
gether with the engines, we shall describe presently, the weg 
is raised and discharged into the upper story of the triple cul- 
vert, and by this it is led to the reservoirs. 

The reservoirs, a portion of the plan of one of which is given 
in Fig 1, are four in number, and hold altogether 4,340,000 
cubic feet. This capacity, large as it is, is, however, less than 
that of the Barking Creek reservoirs, connected with the northern 
outfall works, which hold 6,485,000 cubic feet. The reservoirs 
are arched over with brick vaultings, eee by brick piers, 
as shown in Fig. 2, and each reservoir is furnished with sixteen 

penings or passages, 3 ft, 9 in. high, eight leading to the upper 
and eight to the middle story of the triple culvert. Each of 
these passages is fitted, at the end next the reservoir, with a 
sliding cast-iron door or valve, bearing against a cast-iron seat, 
and capable of being raised or lowered by gearing above the 
— level. By raising the valves belonging to the passages 
eading from the upper culvert, the sewage is allowed to flow 
from the latter into the reservoirs, where it remains until near 
the time of high water, The valves of the passages communi- 
cating with the middle culvert are then opened, and the sewage 
discharged, by the action of gravity, through this middle culvert 
into the deep outlet, whence it flows into the river. From the 
section, Fig. 2, it will be seen that the bottom of the upper cul- 
vert is slightly above the level of the floor of the reservoirs, 
whilst the bottom of the middle culvert is below that level. The 
middle culvert is also connected with the two high-level outlets 
mentioned above; these are generally only used to relieve the 
reservoirs in cases of emergency; they only lead as far as the 
river wall of the works, whereas the deep outlet is taken some 
distance out into the river. One of the high-level. outlets was 
opened for a short time during the visit of the Society of Engi- 
neers on Friday last, the tide being nearly low at the time, and 
the powerful stream of black sewage which rushed . the 
—ae culvert certainly did not appear to be:nice. to 
wit! le it 

On its way from the lower culvert to the pamp-chambers, the 
sewage is passed through screens which separate the coarser 
matters from it. The first of these screens we of 4in. 
mesies, and the last of parallel bars 2 in. apart, iginally, 
the chambers in which the screens are placed were furnished 
with filth-hoists, worked by the pumping engines, these hoists 
each consisting of a number of buckets fixed to endless chains 

ing over drums at the top and bottom of the. lift. The 
nckets of these hoists were intended to raise the solid matters 
from the bottom of their chambers, and at the same time clear 
the screens in front of which they were placed. It was, how- 
ever, found that the power required to work them: was very 
great, and that, owing to the complicated manner in-which rags 
and other refuse matters entwined themselves about the: bars of 
the screens, they did not perform their worle efficiently. Their 
use has consequently now been abandoned, and the solid matters 
are raised from the screen-chambers by buckets filled by hand 
labour, and hand labour is also employed ‘to clear the sereens 
themselves. 

Of the pumping engines and boilers at Crossness we. have 
already given illustrated descriptions in the t volume of 
this journal, at pages 149 and 198 respectively, but for con- 
venience of reference it will be advisable to regent the priacipal 
dimensions here. The pumping engines, w are four in 
number, and are named the “ Victoria,” the “ Prince Consort,” 
the “ Alexandra,” and the “ Albert Edward,” were made by- 
Messrs. James Watt and Co., from designs furnished by: Mr. 
Bazalgette, and are fine specimens of workmanship. They are 
beam engines, each having the cylinder placed under one end 
of the beam and the fly-wheel shaft under the other, whilst the 
pump plungers, of which there are eight to each engine, are 
worked from points on the beam between the centre and ends. 
As the engines are all alike, a description of one of them will 
serve for all. ‘The beam is made double, the two parts, which 
are 6 ft, deep in the middle, being about 5 ft. apart. The length 
between end centres is 40 ft. 6 in., whilst the horizontal distance 
between the centres of the cylinder and crank shaft is 40 ft. 
The cylinder is 4 ft. in diameter, with a stroke of 9 ft., and the 
piston rod is coupled to the one end of the beam by the ordinary 
arrangement of parallel motion, The connecting rod, which is 
of wrought iron, and is 28 ft. 9 in. long between end centres, is 
coupled to the other end of the beam and to an overhung crank 
on a shaft carrying a fly-wheel 27 ft. in diameter. The rim of 
the fiy-wheel is furnisbed with teeth for a portion of its width, 
these teeth being employed for turning the engine round by hand 
by the aid of suitable gearing. 

The steam and exhaust valves are of the dvuble-beat class, 
and their spindles are connected to arms fixed to rods sliding 
vertically in guides fixed to the cylinder. Tie lower ends of 
these me A bear upon cams placed on a cam shaft running under 
the floor of the engine-room, close to the back of the cylinder, 
and parallel to the fly-wheel shaft ; this cam-shaft receiving its 
motion, through a pair of bevel wheels, from a longitudinal shaft, 
which is in its turn driven from the fly-wheel shaft by means of 
bevel gearing. The cams for moving the steam valves are made 
with three steps for cutting off the steam at different points in 
the stroke, ~ ¥ by means of an arrangement of levers, either of 





these can be bronght under the ends of the steam-valve 
rods at This valve gear appears to work exceeding! 


well, as the subjoined diagram, which has been reduced from 
one supplied to us by Messrs. James Watt and Co., will show, 
This diagram was taken from the bottom of the cylinder of the 











* Albert Edward” engine on the 30tb of May last, the engine ab 
the time that’ i¢ was taketi making’ 124 double strokes per 
minute, add the steam being cut off ut 13 in. of the 9 ft. stroke, 
The maximum steam pressure in the diagram is 294 Jb. ; and 
the jmom yacuum rather over 121b., whilst tlie average 
vacuum is 11 lb., and the average effective pressure on the piston 
throughout the. stroke 18.61b. At a piston speed of 225 ft. per 
Mitiote this: \fivesan indi¢ated ' wer of rather over 201 
horses, the éngiges being’ each rated at’ 125 horse-power nominal, 
The vacuum would, nq doubt, be higher if good water could be ob- 
tained for condensing ;' at present the condensing water is drawn 
from the river, at what, in warm weather, is a comparatively 
high temperature, but an artesian well is in course of being 
sunk, from which, it is boped, that an abundant supply of suit- 
able water will be obtained. Of this well we shall speak 
presently. We have by us another indicator diagram taken from 
the top of the cylinder of the ‘ Alexandra” engine during a 
late trial; this trial lasted three and a half days, during which 
time a duty was obtained of 87,000,000 Ib. raised 1 ft. high by 
the consumption of 1 ewt. of coal. This diagram is almost exactly 
Similar to the one of which we have given an illustration, the 
Steam being cut off at the same point of the stroke; it is, how- 
ever, a little fuller, the maximum pressure being 353 1b. It was 
taken whilst the engine was working at 11 double strokes per 
minute, which is about the average speed. , aes 

To return, however, to our description of one of the engines 
—the parallel motion, in addition to being coupled to *the’ 
main beam is also attached to another beam 16 ft. long between 
end centres, the other end of this beam being carried by a pair of 
vibrating links hung from the engine frames, | Tothe centre bf 
this beain is coupled the air-pump rod, which therefore has a 
stroke of 4 ft. 6 in., the diameter of the pump barrel being 2 ft. 
The rod of the cold-water pump is also connected to the same 
beam, the point of attachment being 4 ft. from the fulcrum. 
The cold-water pump thus has a stroke of 2 ft. 3in., whilst its 
diameter is 1 ft.6 in. The distances of the centres of the air- 
pump and cold-water pump barrels from the centre of the 
eylinder are 7 ft. 10 in, and 11 ft. 9} in. respectively. 

The two main pump barrels are each 12 ft. in diameter, and 
are each fitted with four plungers. The plungers are 4 ft. 6 in, 
in diameter, and their na are coupled tothe beam in pairs— 
two pairs on each side of the main centre. The distances from 
the«main centre to the points of attachment of the plunger-rods 
are. 5 fj, 0} in, and 10 ft. 14 in. respectively, so that two pairs of 
the plungers havea stroke of 2 it. 3 in., and two pairs a stroke 
of 4ft, Gin. The plunger-rods are coupled to crossheads 
working in guides fixed above the pump-barrels, and any of 
them can be disconnected at pleasure, the plungers so de- 
tached being secured at the lowest point of their stroke by an 
arrangement provided for the purpose. The plungers are made 
of cast iron, the metal being 14 in. thick, and they are each 
provided with a central rod, cottered into them, and coupled 
to the crossheads above mentioned. ‘The pump barrels are also 
made of cast iron, and are formed in four rings; their total 
-height is 25 ft., and they rest upon cast-iron girders, which are 
in their turn supported by stone blocks bedded upon concrete. 

Around the lower part of the pump-barrels are formed open- 
ings, each 3 ft. high and 10 in. wide, for the admission ot the 
sewage. The suction-valve gratings are fixed in the barrels at 
a height of 16 ft..above the bottoms, the valves being flap-valves, 
formed of leather held between two $in. wrought-iron plates. 
The openings in the suction-valve gratings are, except where 
reduced to suit the curve of the pump-barrels, each 1 ft. 6 in. by 
Qin. The delivery-valves are also flap-valves, and are hung on 
a vertical grating fixed to a branch leading from the top of each 
pump-barrel. Lach of these gratings has twenty-four openings, 
each 1 ft. 6 in. by 12 in. The engines are arranged in the engine- 
house in ro so that the fly-wheels are situated in the four 
corners of the house, and the pumps of each pair of adjoining 
engines discharge the sewage into an iron —- 10 ft. high 
by 11 ft. 6 in. wide, placed on the top of the wall dividing tue 
two pump-chambers. From this iron passage two culverts, each 
9 ft. high and 4 ft. 9in. wide, lead to the upper story of the 
triple culvert which we have already described. The maximum 
lift is 33 ft. 6 in., of which height the sewage is raised 12 ft. by 
suction. 

As we have just mentioned, the four engines are placed in a 
single éngine-house. This is a handsome building, standing back 
some distance from the river front of the works, and having its 
floor considerably elevated above the level of the surrounding 
ground. The interior is very tastefully decorated, and altogether 
we think that the whole forms the best specimen of what may be 
called “ engine-house architecture” that we have yet seen. At 
the back of the engine-house, and joined to it, is the boiler-house, 
in which are placed the twelve Cornish boilers which supply the 
engines with steam. ‘These boilers were made by Messrs. D. 
Adamson and Co., and are arranged below the ground level, in 
two rows, six in each row. The firing space between the rows 
is 40 ft. wide, and it is traversed by rails laid to a 3 ft. gauge, 
on which run the wagons which bring the coal from the vaults. 
It was originally intended to have made a raised platform down 
the centre of the firing space for the conveyance of the coal; 
but the arrangement which has been adopted is that of dis- 





charging the coal into vaults formed by the side of the boiler- 


house and bringing it thence to the boilers by means of the 
wagons above mentioned. From the floor of the boiler-house, a 
small tunnel, provided with a tramway, is led to the outskirts of 
the works for the discharge of ashes. The coals are brought to 
the works by water, and being unloaded at the river wall, are 
conveyed to the vaults by small wagons running on.tramways 
laid to a 3 ft. gauge. Kh Gs 

The boilers are each 30 ft. long and 6 ft. in diameter, and are 
placed in the rows at a distance apart of 9 ft. from 'gentre to 
centre. They each contain a single flue 3 ft, 3 im in diameter, 
for a length of 10 ft. from the front end which formsithe fur- 
nace, and then decreased by means of a tapered ring to 2 ft. 
11 in. in diameter for the remainder of, jts length, e longi- 
tudinal joints of the flue plates are 1, and the rings thus 
formed are united by means of Adatt tent flanged joints. 
The flues are each traversed by thtee v tand five diagonal 
water tubes 8 in. in diameter. .The flame, &c., after leaving the 
internal flues, is first taken under the bottoms and then along 
the sides of the boilers, after which it passes off through a cul- 
vert 9 ft. 9in. high by 5 ft, 6 in. wide, which leads to a remark- 
ably handsome chimney-shaft. This shaft’forms one of the 
principal features of the works ; it is about 160 ft. high, and is 
square externally. ‘The outer shells of the boilers are of 3 in. 
— lap-jointed, and are well stayed to the end. plates. For 

ull particulars respecting the dimensions of the flues, the mode 
of setting, fittings, &c., of these boilers, we must refer the reader 
to the illustrated description which we have already mentioned. * 
The boilers at Crossness have been found to work extremely 
well; with good Welsh coal, 10 1b. of water have been: evapo- 
rated in them by a pound of fuel. At present, Tanfield coal is 
being extensively used at Crossness, and is found to answer well, 
the evaporative power being little below that of the Welsh coals, 
whilst the price is considerably less. We believe that it is now 
being supplied at the works at 14s. 6d. per ton. Generally 
speaking, six boilers are in use at one time, these supplying 
steam to the three engines which are usually worked. 

On Friday last, after the visitors had examined the pumping 
machinery, they proceeded to inspect the cement testing-house 
and the progress of the boring of the artesian well, to which we 
have already alluded. In the cement testing-house is situated 
Mr. Grant’s testing-machine, of which we gave an illustration 
at page 50 of the present volume. Mr. Grant is the resident 
engineer of the South Drainage Works, and during the past 
sev@iiyears he has tested samples taken from every lot of cement 
Pied fr use. During the last six years the strain which an 

1 in. square bar of the cement delivered is required to stand 
has been 500 Ib., and upwards» of 70,000 tons of cement. have 
been received and used under this stipulation. At Crossness.are 
stored away'an' immense number of samples all duly ticketed, 
some of these being preserved in order to test the effect of age. 
All the mortar used about the works consists of equal parts, by 
bulk, of cement and sand, whilst the concrete is formed of one 
part of cement to eight of ballast. In some places the proportion 
of cement in the concrete has been increased to one-sixth. A 
very large proportion of the cement has been supplied by the 
Barham Company. 

The artesian well which is being sunk at Crossness, is in- 
tended to draw water from the green sand which crops out 
at Farnborough, about 400 ft. above the level of the works at Cross- 
ness: A'depth of 709 ft. has vet been reached, of which 
depth about 100 ft. consists of a well lined with iron cylinders, a 
furtherJength of about 400 ft. of a bore containing 18 in. wrought- 
iron piping,-and the remaining depth of a 13 in. bore through the 
chalk. The surface water has been carefully excluded and, as 
yet, no other water has been obtained ; indeed it is not likely that 
it will be until the chalk is pierced, unless by accident a fault is 
struck. The well is being sunk by Mr. Clark, under a sub-con- 
tract from Mr. Webster, who is the contractor for the whole 
wonks. It is expected that the water when reached will rise to the 
| surface, and there certainly seems every probability that this will 
be the case. Good water is much wanted at Crossness, as the 
river water at present used, being brackish, is very bad for the 
boilers, whilst its temperature prevents a thoroughly good vacuum 
from being obtained in the condensers. 

From the cement testing-house and well the party proceeded 
to the river wali, and witnessed the discharge of the sewage (to 
which we have already alluded) from one of the high-level out- 
lets. The river wall itself is a fine piece of work. It is founded 
on.oval cylinders, each about 8ft. by 13 ft., and placed 18 ft. 
apart from centre to centre along the line of the wall. These 
cylinders were sunk down to the gravel and partly filled in with 
concrete, the upper parts were then removed and arches turned 
between them, and upon these the river wall was built. In con- 
cluding our description of the pumping station at Crossness we 
cannot help remarking upon the thoroughness with which: the 
whole of the work has been carried out—a thoroughness which 
reflects the utmost credit upon both the engineer and the con- 
tractor. 








Tue Corutss Encrne.—Messrs. Pirie and Sons, of the 
Stoneywood Paper Mills, Aberdeen, in a letter which they have 
addressed to Mr. William Inglis, remark: ‘‘ We have great satis- 
faction in being able to say, that the first opinion we formed on 
the merits of the Corliss engine has never for an instant been 
altered. We believe this principle to be the most perfect that 
has as yet been invented for regulating the speed of the steam 
engine, and we may inform you also, that if we ever have to 

ut up additional engines, we shall certainly apply this principle. 
We have the Corliss engine we brought from America working 
at this present moment, and as perfectly as it did on first start- 
ing. We had to remove it from its first site, as it was not 
powerful enough for the work required, being but of 20 in. 
diameter in cylinder, with 4 ft. stroke, whereas we required one 
of 83 in. cylinder, 4 ft. stroke. This last mentioned engine we 
put in on a different principle of regulation, as we were not, at 
the time, sure of being able to get one on the Corliss principle 
manufactured in this country of first-class workmanship.” A 
number of these engines are now being made by Mr. Douglas, of 
Kirkcaldy ; Messrs. Losh, Wilson, and Bell, of Newcastle ; Messrs. 
Hick, Hargraves, and Co., of Bolton; and Messrs. Manlove, 
Alliott and Co., of Nottingham. 








* ENGINEERING, March 30th, 1866, page 198, 





| 








— 


















+P 





_ June 29, 1866.] 


ENGINEERING. 








439 








RECENT PATENTS. 


TuE Queen’s printers are making good progress 
with the specifications in arrear, nearly one hundred 
being now printed weekly. Among those published 
this week are the following :— 

W. E. Newton, No. 1958, a.p. 1865, patents as a 
communication a novel form of water meter. It is an 
ingenious application of the old “ wobbling plate,” as 
applied in the disc engine. Four upright cylinders 
have their pistons attached to, and revolve with, this 
plate, the revolution being caused by the entrance and 
discharge of the water, under pressure, through suit- 
able central openings in a fixed plate below. As the 
pistons go up and down, the wobbling plate goes 
round and drives a central spindle with its indicating 


ear, 

, R. B. Mitchell, No. 1959, a.p. 1865, patents a brake 
upon the old principle of utilising the momentum of 
the carriage. The axles are to slide freely, as the 
resistance comes on, within horizontal grooves or 
guides, and as the momentum of the axles carries them 
forward, they are to work brake levers and brake 
blocks, acting upon the wheels. 

Baldwin Latham, the engineer to the Croydon Board 
of Health, together with a Mr. Campbell, patents (No. 
1963) a system of hot-air drying apparatus for hay, 
grass, straw, &c. The drying is proposed upon sound 
oe 5 on the hot air being sent over and among the 
iay by means of fans. Bold as is the departure from 
ordinary haymaking practice, there is no reason to 
suppose that, in the language of a contemporary, the 
idea ‘is an utter and absurd fallacy,” whereby “ there 
is not the least danger of old hands being taken in.” 
Grass ought not only to be cut by machinery, but to be 
dried also, independent of rain and storms, by appa- 
ratus properly inlguad for the purpose ; and without 
committing ourselves to the details of Messrs. Latham 
and Campbell, we can only repeat that they are pro- 
ceeding upon sound principles. 

Here is Colonel Baker again, No. 1967. We have 
noticed his contrivances before, but here is one which 
may turn out well. We had an article, some weeks 
ago, upon tidal power, and it is only right to say that 
—although we were then unaware of it—Colonel Baker 
had already taken a patent covering the ideas which 
we advanced. He proposes a low-water and a high- 
water tidal basin, and to place turbines within syphon 
pipes communicating between them, or between each 
of them and the sea. The principle is sound, and its 
application is but a question of detail and of cost, 
especially in tidal estuaries like those of the Severn 
and the Dee. 

Swinburne and Laming (No. 1969) patent an amus- 
ing railway brake apparatus. These gentlemen are 
schemers, and not engineers. They intend to drive 
pumps for compressing air, one to each carriage, by 
means of a strap working on one of the axles. When 
the brake is to be put on, the compressed air, if enough 
of it is ready in the reservoir, is to be turned on by a 
cock, to work u piston, which works the brakes, which 
stop the train. This is an old idea—a very old idea. 
The objections are many. There is the bother of the 
straps, one to each carriage, the loss of power in 
pumping to waste when the brakes are not wanted, 
the Soot weight of the apparatus itself, and the want 
of means (which the patent does not specify) for putting 
on all the brake force properly, by a yielding connexion, 
as it must be, through along train. Railway engineers 
may imagine an express train, timed to stop at intervals 
of from 50 to 80 miles only, and having one of these 
pumpers to each carriage. To be good for anything, 
this wonderful apparatus should be ready to stop the 
train within half a mile after leaving a station; and 
supposing the power required to stop it to be con- 
tinually pum 4 to waste over a run of 50 or 80 miles, 
what would = the increased constant resistance to the 
motion of the train? Our boy has worked it out, and 
Swinburne and Laming shall have the result if they 
will call. 

Robinson and Varley, of Huddersfield, No. 1972, 
patent furnaces and furnace-doors. The outer furnace- 
door and the inner perforated plate open separately, 
and the fireman can shut either when he likes. ‘Then 
there are steam jets under the bars. We will not say 
how old are these jets. And then there is an admis- 
sion of air at the idee. behind the fire—not merely 
Parkes’s split bridge, but the air is to be let in in jets, 
and the damper controlling the admission is to be 
regulated according to the judgment of the fireman. 
We believe Robinson and Varley’s arrangement to be 
a judicious one, but we much doubt if either of the 
details, is new. 

Mr. Ramsbottom, of Crewe, No. 1975, has a patent 


for improvements upon his a for rolling 
steel tyres, and he includes what is likely to be ames 
heard of within the next few years—a mode of rolling 
large and thin rings for boilers, so as to dispense 
with longitudinal seams of rivets. We can imagine 
the oracular dictum of one of the second-rate engineer- 
ing journals, pronouncing this an “ utter and absurd 
fallacy,” but we are inclined to believe that, although 
it may not yet have been carried out in practice, Mr. 
tw & hs mode of making steel boiler rings will 
yet come largely, if not, indeed, generally, into use. 

Mr. Ephraim Sabel, as the London correspondent of 
Monsieur Martin D. Henvaux, of Saint Servais, near 
Namur, in Belgium, has a series of heavy patents, 
Nos. 1964, 1976, 2012, and 2018, for improvements 
in iron-making. Those really interested in the subject 
should purchase these blue books; they form a sort 
of treatise on iron-making, and contain in all about 
fifty large octavo pages. ‘The first of them is for some 
application, not entirely clear, of the three-roll mill, 
and for an arrangement of puddling and mill furnaces. 
We have gone carefully through these specifications, 
and are really at a loss to determine what is the thing 
patented; and we will nevertheless do the patentee 
the justice to say that his observations read more like 
a prospectus than a specification. His patent, No. 
1976 (A. p. 1865), is for rolling rail piles on the flat 
instead of on the edge; but we fear ironmasters in 
plenty could be found who would come forward to say 
that this had been attempted long ago. His third 
patent is for plate rolls, three high, so as to save time 
and loss of heat in passing. This, we are sure, is very 
old; but we are not so sure whether the fourth patent 
has been practised. It is for cutting up puddled flat 
bars into widths by means of rotary shears formed 
upon the rollers themselves. What we have said is 
rather for the purpose of indicating the nature of the 
patentee’s ideas than to describe them, and we recom- 
mend those who are really concerned to send for 
Sabel’s four blue books. We have not totted up the 
price, but they are thick, and it will be safe to send 
20s. worth of stamps for them to the Patent Oifice. 

Colonel Stodare, in a brief provisional specification, 
No. 1988, explains how he has succeeded in humbug- 
ging half of all London with a clever optical illusion. 

Emile Martin, No. 1990—the gentleman who has 
done so much, and yet so little, with the feed-water 
separator—patents an old dodge familiar to all who 
have examined Mr. Beattie’s boilers on the London 
and South-Western Railway. He proposes to set up 
fire-brick lumps, tiles, or tube-plates in front of the 
copper tube-plates of locomotive boilers. There is no 
new idea whatever contained in this patent, but we 
apprehend that it may become a “ fighting patent.” 
Under the American law, which provides for prelimi- 
nary examination, Mr. Martin would not have ob- 
tained the power of bringing actions for infringement. 

Frederick Ransome, whose new process for making 
artificial stone is one of the most wonderful within the 
range of modern science, and second only to the Bes- 
semer process, patents a mode of forming roofing-tiles 
so as to leave an air space between them to prevent 
the too rapid transmission of heat. The tiles .are to 
overlap each other for more than half their length, and 
distance-pieces are to be formed upon their underside, 
so that air spaces shall be formed between them when 
they are laid. No. 1991. 

That irrepressible. patentee, M. P. W. Boulton, 
patents (No. 1992) a dodge for the consideration of 
the Gas-engine Company (Limited). He proposes to 
utilise the heat of explosion of the gas in gas-engines 
by allowing it to reach wetted surfaces communicating 
with the explosive mixture. The heat of explosion is 
to vaporise the water, and thus add to the useful effect. 
We shall pronounce no opinion upon Mr. Boulton’s 
many inventions, further than that we believe his 
greatest invention is yet to be made known. 

McEwen and Neilson (No. 1996) patent a modifica- 
tion of Nicholson’s jet (a.p. 1806) and Ewbank’s 
apparatus, see his “ Hydraulics,” p. 489, for raising and 
forcing water. The same plan has been at work 
during the last three years. in New York, but it. has 
not come. into extensive use. There is a hollow 
globe, within which an annular conical steam jet is 
discharged through a nozzle pipe, to draw: up and 
force water. ‘The details of the ‘plan ‘were ¢ommuni- 
cated to us from New York, in 1863, but we believe 
nothing has come of it, In any ease the proposed 
mode of raismg water must be most wasteful of steam, 
and besides, although it may slip by the patent for 
Giffard’s injector—which has yet. six. years to run—it 
is, we think, shut out by a number of patents, among 
others Danchell’s provisional specification, equal in 
publicity to that of a patent. 











Last year, early in August, many of the mem- 
bers of the Institution of Mechanica Engineers saw 
the peat works at Derrylea, 41 miles west of Dub- 
lin. Myr. Charles. Hodgson, who was so kind and 
attentive, and to. whom the members drank such 
bumpers at the works, had patented that great tra- 
velling girder, 300 ft. long, whieh We saw moving up 
and seratching, down the bog. He patented it the 
very day we heard his paper, the number being 2004. 

Topsail Cunningham, as Mr. H. P. D. Cunningham 
is now always termed as a mark of respect, patents 
(No. 2014) chain gear for running guns out on board 
ships of war. Their own recoil sends them in, Mr. Cun- 
ningham differs from engineers in preferring an endless 
chain and chain gear to racks and pinions as used by 
Kricsson. As we said last week, in noticing another 
of Mr. Cunningham’s patents, he prefers chain gear 
where an engineer would prefer a rack and pinion. 
There is nothing at all new in the real principle of 
motion, 

W. H. Preece, the telegraph engineer to the London 
and South-Western Railway, patents (No. 2016) an 
additional improvement upon his electrical railway- 
signal apparatus. It is a contrivance, which could 
not well explain without drawings, whereby the danger 
signal sent back by one station to the station behind it 
cannot be turned on to “line clear” until the blocking 
train has actually passed the station at which the 
ma Fey is made to work. 

uke Anderson (No. 2017) patents a machine for 
making horse-shoes. The specification is worth send- 
ing for by those really interested in improvements of 
this nature. Is is one which we could not explain 
intelligibly without drawings. 

Captain Adderly Sleigh, R.N., patents a perpetual 
motion (No. 2020). e pnt the specification to 
Mr. Dircks, and to others who believe that onl 
ingenuity is required to solve the problem of self- 
created motion. 

William Clark (No, 2921) patents, as a communica- 
tion, a rotary pump or engine, for it may be used 
either way, The details are cleverly worked out, but 
the piace is old. 

F. G. Mulholland (No. 2025) patents a nostrum for 
covering submarine telegraphic cables. There are 
about a dozen ingredients—pitch, tar, turpentine, and 
other substances ; but the patentee proposes to omit 
some of them, as may be convenient. 

Smith and Brook (No. 2037) patent a self-coupling 
for railway trains. Hold your hands up in front of 
you, and hook all the fingers of one ah upon those 
of. the other, and you have the action of the new 
coupling. There are spring gear and levers to engage 
them together when the train is being made up. The 
object is to save the lives of those who couple up the 
trains, and there is great ingenuity in the contrivance 
for getting the carriages apart again. 

A. A. Foubert (No, 2043) patents a regulating steam- 
valve whereby steam may be let off from a boiler, 
worked. at high pressure, to another engine or any 
apparatus to be worked at a lower but uniform pressure. 
M. Foubert’s apparatus consists of a hollow Bourdon 
tube, into which the full steam from the boiler is 
allowed to enter. The tube straightens according to 
the pressure of the steam, and, according to the draw- 
ing, it.is to adjust a plunger or piston controlling the 
area of discharge of steam through the apparatus. 
We ‘see no provision for the pressure of the steam 
upon the plunger itself, and as we read the drawing, 
the apparatus in its present form would be worthless. 


It is to be remembered that whatever the patent laws 
require, the drawings aud specifications of patents do 
not always give real definite information for working 
out the alleged inventions; yet they may at the same 
time sufficiently eover principles, and it is upon this: 
consideration only that we have abstained from gibbet- 
ing a few of the contrivances noticed in our present 
abstract. 








Tur THomAs Syowpon.—Mr. Snowdon, of Stockton, has. 
just tried a steamer, one of two which he has had built for the 
Swedish trade, and named for himself. Of the hulls Mr. 
Snowdon says, “I do not think there is a plate in them that 
would not carry 26 tons tensile strain. The angle and deck 
beams are of equal quality, and last, not least, the rivets are so 
good in quality that I have never had to change one. I need not 
say the vessels were built under inspection, and, besides this, I 
have closely watched them from inning to end.” The 
engines are by Messrs. Thompson, Boyd, and Co., of Newcastle. 
They have 42 in. cylinders and 27 in. stroke; the speed of. 
piston at 70 revolutions is 315 ft. per minute, and the indicated 
power on the trial was 412. Thé boiler pressure is 29} lb.’ On 
trial the engines cut off at but’ slightly more than one-eighth 
stroke, and the diagrams, of which one is: before us, were excel- 
lent. The engines, it is belieyed, wiil work with a consumption 
of 24 lb. of coal per indicated horse-power. per hour. 
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Daarwar being one of the principal cotton produ- 
cing districts of the Bombay Presidency, means for 
improving and facilitating communications within that 
district must always prove of the highest importance ; 
but whilst the Government is engaged in constructing 
or completing the main lines of communication, 
whereby the produce of the district is enabled to reach 
the coast for shipment, it must, of course, to a great 
extent rest with the inhabitants themselves to improve 
existing tracks between the several smaller villages, 
and whilst Government is thus engaged in providing 
for the general wants of the community at large, 
private enterprise is left to take the initiative in the 
construction of works having for their object the oe 
vision of improved accommodation for the individual 
village communities. It was with the latter object 
that the Yangul Bridge was constructed, and it formed 
the last of several subscription bridges constructed 


over the Bunnehulla, a river which runs through the 
centre of the chief black-soil plain of the Dharwar 
district. 


The characteristics of the Bunnehulla river are some- 
what peculiar, and such as not only rendered it a 
greater than usual obstacle to the lines of communi- 
cation which cross it, but also necessitated more than 
ordinary care in the designing of bridges to be erected 
over it. Rising in the west, within the range of the 
south-west monsoon, it is subject to high floods during 
the months of June, July, August, and September, 
while, being fed by large tributaries from the east, it is 
liable to considerable freshes during several of the 
other months of the year. 

The waters of this river are brackish, but fresh 
water is to be met with a few feet below the level of 
its bed. Its banks are of black soil, of the most un- 
stable character, giving way with the slightest set of 
the current against them, and then presenting steep 
scarps, so that the road-slopes at the river crossings 
are most difficult to maintain. Its bed, consisting of 
silt and sand, overlying clay mixed with runkur, 
abounds in quicksand during the rains, so that the 
crossing of this river was at ali times.a matter of diffi- 
culty and anxiety. The Bunnehulla thus formed a 
serious impediment to all communication between the 
villages on both sides for at least six months of the 

ear, and the inhabitants of the Hooblee, Nowlgoond, 
Dumbul, and Roan Talookas therefore subscribed to 
build bridges along its course. In this they were 
assisted by Government, who contributed towards their 
subscriptions, and bridges were thus built at Seergoo- 
pee, Hebsoor, Purdessoor, and Yangul. — ; 

The design of all these bridges is similar, and will 
be readily understood by reference to the accompany- 
ing illustrations of that at Yangul. Timber piles, 
averaging from 10 to 12 in. square, and from 20 to 40 
ft. in length, were driven into the river bed in rows 
of five in each row, at distances of about 2 ft. apart, 
and connected together with horizontal and cross 
pieces to form piers. The three end bays on either side 
of the river consist of spans 17 ft. in width, the re- 
maining eight bays being of 20 ft. span each. The 


depth to which the piles are driven into the river bed 





























varies from 8 to 15 ft. The piers are connected b 
longitudinal timbers, immediately on which the roa 
planking and materials are laid, the width of the road- 
wa ap apr y 10 ft. 

tach pile of the bridges was hooped at top with a 
28 lb. nA sg and shod or pointed ots V-shaped strap 
of iron 3in. X $ in. e nuts of the bolts, used in 
pais together the woodwork, are rivetted instead of 
yeing screwed on the shank, that being found to be the 
more economical method. The timber was obtained 
from the neighbouring forests of North Canara, and 
the simplicity in design of these bridges derived its 
origin from the want of skilled labour and trained 
superintendence to carry out work of an elaborate 
construction. 

The pile engine used on these occasions consisted 
of an upright, or standard, formed by two vertical 
pieces, between the faces of which the monkey worked ; 
two longitudinal pieces into which the foot of the 
standard was morticed, and to which it was stayed at 
the back; and a frame or platform from which the 
above was hung, and on which it could be moved 
transversely. The platform itself moved on four wheels 
along a tramway constructed over the site of the 
bridge. 

The ram was formed from an old gun, taken from 
the Fort of Noorgoond, after the capture of that place. 
The gun was sheared off at the breech, and a lug 
leaded into its muzzle gave the means of lifting it by 
a pair ofnippers. The weight of this ram being 680 lb., 
and the maximum fall 1S feet, the momentum obtained 
was equal to 23,1201b., or 10°3 tons. Five men were 
required to work the engine, viz., four at the winch 
and one on the top, to facilitate the descent of the 
nipper after the ram. 

The scaffold was constructed with stout poles, fas- 
tened in old telegraph-post sockets or shoes, the 
sockets being screwed into the bed of the river as 
deep as they would readily go. On the top of these 
poles—which were set in pairs—were fastened light 
cross _ to carry the tramway girders, along which, 
guided by a slip of wood, ran the wheels of the pile- 
engine frame. Thus the engine was enabled to com- 
mand the whole length of the intended bridge, while 
the transverse motion of the standard of the engine on 
its own frame served the same end as regards the 
breadth of the structure. 

The quantities and cost of the Yangul Bridge 
were as follows: 656 running feet erecting 
tramway for pile engine, 988 running feet 


piles driven into bed (labour oo =6rere AST BO 

1861 c. ft. timber in piles (exclusive of driving) 545 4 0 
5290 c. ft. timber girders, planking, and stand- 

Mw ws 0 6ot! Oe 6 OC 

Total cost of bridge ... £3164 6 0 

Cost of making approaches, &c. oes eee 195 2 0 

Grand total £3359 8 0 





The length of the Yangul Bridge is 263 feet. The 
rates for wood varied from five to seven shillings } ng 
c. ft.; the pay of coolies (labourers) was 63d. per day, 





and of carpenters 1s. 6d. per day. 
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From the foregoing it will be seen that the cost 
of this bridge was a fraction over 12/. per running 
foot, and even when including the cost of approaches 
it did not amount to 13/. per foot. The construction of 
such a bridge at so low a cost (for India) was, of course, 
mainly owing to a plentiful supply of large timbers in the 
vicinity ; and although similar bridges might very pro- 
babl be economically constructed in many other parts 
of India where required for similar purposes, such 
structures would undoubtedly be found to increase in 
cost very rapidly in proportion to the distance from 
which materials might be procurable. 








MONITOR GUNS. 


To tHe Epitor or ENGINEERING. 

In your original article criticising American ordnance, 
you introduce the subject by saying, “ We sometimes 
‘hear it proposed to make guns of 20 inch bore to 
‘throw shot of 1000 Ib. weight at the full velocity 
“ attained with the 68-pounder, but it requires only a 
** moderate knowledge of the science of gunnery to 
“* perceive where the difficulty, if not the impossibilty, 
* would arise in respect of strength of endurance of 
“ such size.” This assumption I met by an emphatic 
denial that American artillerists had even proposed such 
velocity—about 1600 ft. per second—as they well under- 
stand that it is not great velocity, but adequate ris viva 
of the projectile which destroys armour plates. I deem 
it proper to quote another passage from your original 
article bearing on “ standard velocity.” Discussing 
low velocities and large bore of guns, and showing 
that there “ would be no corresponding advantage in 
“increasing their size,” you say, “Keeping to a 
“ standard initial velocity of 1600 ft. per second, we 
« believe we are not likely to succeed in making guns 
“ upon the present mode of construction to withstand 
“ charges of 100 Ib. of powder.” Again, you informed 
your readers that armour plates of any required thick- 
ness may be obtained, and said, “ but no manufacturer 
“ can give us a 20 in. gun to send its 1000 1b. round 
shot at 1600 ft. per second.” It was this reiteration 
of the problem, and the prominence given to the 
question of initial velocity, coupled with the fact that 
ahigh rate has never been proposed by our American 
artillerists for the 20in. gun, which called for the 
reply which has so displeased you. _ 

t now propose to discuss your article on great guns 
of May 25th. To disprove the correctness of the 
statement contained in General Barnard’s work on sea- 
coast defence, that a 3341b. shell attained an initial 
velocity of 1328 ft. per second with a charge of 40 lb. 
of powder, you quote Mr. Holley’s work on Ordnance 
and Armour, page 578. Passing by the recorded rae 
formance of the 15 in. army P on that page, and re- 
ferring to the performance of the 15 in. navy gun, we 
find it stated that a 4001b. cored shot attained an 
initial velocity of 1480 ft. per second, with a charge of 
60 lb. of powder. Let us see how far this result, re- 
corded by Mr. Holley, falls short of that mentioned in 
General Barnard’s work, which you say ~ surpae 
“ anything yet recorded in gunnery.” As a body fall- 
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ing freely through a space of 34,225 ft. attains a rate 
of 1480 ft. per second, we find, by multiplying the 
former by the weight of the shot, that 13,690,000 foot- 
pounds represent the power developed by the 60 lb. 
charge. Hence for each pound of powder burnt a 
dynamic force of 228,166 foot-pounds was developed, 
according to the data furnished by Mr. Holley. Re- 
ferring to my former communication, it will be seen 
that the 3341b. shell, projected at the initial rate of 
1328 ft. per second with 40 lb. of powder, developed 
230,342 foot-pounds for each pound of powder con- 
sumed. General Barnard and Mr. Holley therefore 
agree within less than one per cent. respecting the 
power produced by a given quantity of powder. 

In estimating the comparative effectiveness of Ame- 
rican and English ordnance, you compare the result of 
the 15 inch army gun firing 315 Jb. shell, recorded by 
Mr. Holley, page 578, with Armstrong’s gun firing 
603 Ib. steel bolt. Would it not have been more satis- 
factory to have compared the effect of the 15 inch 
navy gun firing 400 lb. shot with 60 lb. charge, recorded 
on the same page? By this comparison your readers 
would have obtained the important information that, 
while the Armstrong gun developed only 174,191 foot- 
pounds, the 15 inch American navy gun developed 
228,166 foot-pounds for each pound of powder burnt. 

In support of the English system of constructing 
ordnance you say: “ We prefer to make the strongest 
“ guns, and work them at high pressure, in order to pene- 
“trate armour. The Americans, on the contrary, make 
“cast-iron guns, worked at low pressure, which we are 
“reasonably certain will neither punch nor smash our 
‘best and thickest armour.” With your permission, I 
will test the correctness of this statement, which reflects 
so unfavourably on American guns. An Armstrong 
603 lb. steel bolt, fired with 40 lb. of powder, is pro- 
jected, you state, at 860 feet initial velocity. at 
rate being acquired by a fall through 11,555 feet, the 
force imparted to this supposed formidable bolt is only 
6,967,665 foot-pounds with a 40 lb. charge, while the 
400 |b. spherical shot from the 15 inch cast-iron 
gun, fired with a 60 lb. charge, has an initial velo- 
city of 1480 feet, and develops 13,690,000 foot-pounds. 
The impact of the latter will therefore be twice as great 
as that of the former, so that, unless the Armstrong 
gun is fired with 80 lb. charge, “the low-pressure” 
American gun has greatly the advantage. But the 
Armstrong gun will not stand 80 1b. charge, while the 
American 15 inch navy gun has proved safe at 60 lb. 
It will be said that the cylindrical projectile will pene- 
trate more readily than the sphere. To this I reply, 
that the difference of diameter is only 13 inches, and 
that before the sphere enters the armour-plate so far 
as to produce a cavity of equal diameter with that of 
the bolt, the plate will be Ey The foregoing 
facts, then, prove that our small 15 inch cas¢-iron gun 
has greater power and endurance than the Armstrong 
wrought-iron gun, which is the most formidable asin 
of ordnance which England has yet produced. They 
also prove the fallacy of the supposition that the ap- 
proved high-pressure system is superior to the low 
pressure which you inform your readers that the Ame- 
ricans have adopted. But our iron-clads will also 
carry 20 inch guns, the power of which exceeds the 
15 inch guns in the proportion of 100 to 60. ; 

Having fully discussed the merits of this great cali- 
bre in my former communication, a few remarks on the 
armour question will close the present one. You ex- 
press surprise that no particulars have been furnished 
relative to the practice of 20 in. guns against armour. 
The reason is simply that no targets have been con- 
structed for this purpose, our Navy Department no 
doubt deeming the expense unnecessary. England, 
with her accustomed liberality, conscious that she can 
afford ot to keep such secrets, has permitted all 
nations to benefit by her extensive target experiments. 
Not only have the various structures been made |e 
lic, but the calibre of guns, weight and form of the 
projectiles, charges of powder, initial velocities, and 
the exact result of each shot have been placed before 
the world. In addition to this, the English iron 
manufacturers, with their superior facilities, have 
furnished stronger materials than could be produced 
anywhere else. Under such circumstances, other 
nations who aspire to maritime equality, have only to 
keep an accurate record and take care that their ord- 
nance is ahead of England. Why build targets here 
to test the effect of a certain impact, when the English 
do it for us? The early target exhibitions with 44 in. 

lates, which attracted so much attention, inspiring 
bclings of security in England, attracted but little at- 
tention here, as we had already tested plate targets 
under the impact of 12 in. shot fired with 30 lb. 
charges. How little we thought of the supposed in- 


vulnerability of 44 in. armour will be seen from the 
fact that our first iron-clad built in 1861 had 5 in. side 


solely of iron 8 in. thick. It must not inferred 
from what has been said, that our naval authorities, 
although averse to target exhibitions, have omitted to 
test the power of the 15 in. gun, + was done at a 
a early period, though the result has never been 
made public. It may be stated, however, that the 
effect of the 15 in. shot with 60 lb. charges proved 
to be so destructive at short range, that all further 
experiments with armour were discontinued, and all 
devises for reducing its weight by ingenious expedients 
were banished. A thickness of 10 in. of iron, with 
heavy wood backing for side armour, and 15 in. thick- 
ness of iron for battery were accordingly adopted as 
minimum dimensions. 

Should some of your ordnance officers, as you 
suggest they might do, demonstrate that the 20 in. 
shot fired with 100 Ib. charge cannot destroy an 8 in. 
armour plate backed as in your iron-clads, I shall ask 
the privilege of again offering some remarks relative to 
the power of the American 20 in. navy gun. 

You tell your readers that my pect all as to the 
“punching effect of a 20 in. shot against an 8 in. 
“plate is wrong,” inasmuch as I “ assume that shot 
“punch out cylinders only, whereas they punch out 
“ frustra of cones.” I have not assumed that they 
punch out cylinders, and I beg to assure you that I have 
seen too much punching not to know the precise form 
ofthe fracture produced in perforating iron by pressure. 
The subject of perforating armour has engaged my 
attention since 1842, when a 44 in. plate was for the 
first time pierced by a 12 in. shot. The result of my 
investigation of the subject, and my endeavours to 
establish a safe practical mode of estimating the 
force which infallibly will piercé amour, is the one 
stated in my former communication, viz., calculate the 
cohesive force, in pounds, of the area of metal re- 
presented by acylinder of a length equal with the thick- 
ness of the plate, and of equal diameter with the 
shot, and multiply that force with the thickness 
of the plate in feet or fractions of a foot. The 
product will give the required number of foot-pounds 
of vis viva to be imparted to the shot, provided the 
wood backing does not exceed twice the thickness of 
the plate. Those who question the safety of this rule 
will do well to test it practically. Respecting the 
fracture produced in punching, I would briefly 
observe, that its form is the one which causes 
the least resistance to the punch. This self-evident 
proposition needs no demonstration. Nor will it be 
necessary to show why a much greater force would be 
necessary to punch a cylindrical hole than the self- 
regulated conical one. The truth may be readily 
ascertained by punching boiler plates with steel 
washers inserted under the same, bored out to cor- 
respond with the diameter of the punch. 

e reader will perceive, from what has now been 
said, why the practical rule which I have adopted for 
estimating the necessary force to pierce armour plates 
is based on the cohesive force of an area represented 
by a cylindrical perforation. Respecting my assump- 
tion that there is a constant resistance to the projectile 
through the entire thickness of the plate, it is booed on 
the consideration that a great amount of the motive 
force is absorbed in compressing the projectile as well 
as the metal of the plate at the instant of contact, 
when the inertia of the latter offers an infinite resist- 
ance. The yielding of the entire target, and numerous 
other causes, contribute to the reduction of the impact 
of the shot, and greatly diminish its power to overcome 
the cohesive force of the matter to be separated. All 
these have been carefully considered before adopting 
the rule under consideration. The reason you give in 
explanation of the fact that the resistance of armour 
plates increases in the ratio of the square of the thick- 
ness, viz., “ because the surfaces broken away enlarge 
“so much more rapidly than as the mere increase of 
“ thickness,” I cannot accept. Nor do I suppose that 
your expression had reference to anything but my 
novel, many will contend questionable, if not erroneous 
rule for estimating the amount of force necessary to 
destroy armour. e property of plates to resist the 
impact of shot in the ratio of the square of their thick- 
ness, I need scarcely observe, is based upon well-known 
dynamic laws. By doubling the thickness of the plate, 
there is twice the cohesive force to overcome, or twice 
the quantity of matter to be disturbed by the projec- 
tile. At the same time, the latter, in order to effect 
penetration, must act through twice the space ; hence 
its vis viva must be fourfold to penetrate a plate of 
double thickness. An American ENGINEER. 
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armour and 2 ft. oak backing, with a battery composed | 5 g, 


NOTES ON RAILWAYS. 
arr gauge of railways in India, Canada, Spain, and Brazil is 
in. 


The Serra do Mar, the Brazilian coast range of mountains, 
rises with a slope of about two to one, to an elevation of over 
half a mile. The San Paulo Railway is carried up this sierra 
by means of four planes, inclined 1 in 10, and of a total length of 
five miles. . 

The earthworks of the Punjaub Railway, executed by native 
contractors, cost 2s. only for each lineal yard of line, or 176/. 
only per mile, 

e South-Eastern —s Company’s works at Ashford, 
Kent, employ upwards of persons. The population of the 
place has increased from 2809, in 1831, to nearly 9000 at the 
present time. 

In the collieries about Newcastle the railways are of a gau 
of 20 in. and upwards, and have curves of from 10 ft. to 12 
radius. 

The change of 
Eastern Counties 
per mile. 

The proportionate cost of railways, in round numbers, taking 
the United States as 1, is Germany 2, France 3, and England 4. 

The Duke of Wellington’s first trip in a railway train, after 
that in which he attended the opening of the Liverpool and 
Manchester line when Mr. Huskisson was killed, was made in 
1843, This was upon the South-Western Railway, in attendance 
upon her Majesty, who had not made use of the new mode of 
conveyance until 1842. 

The Merton tramway, about 10 miles long, and running 
through Merton and Croydon, was in use in 1809, and was 
worked altogether for about twenty years. The rails were of 
cast-iron, about 8 ft. long and 6 in. wide, with a high flange or 
tram on the outer edge. They were supported apon the tops of 
ae driven into the ground, at a distance corresponding to the 

— of the rails. 
he Box incline, on the Great-Western Railway, is 2} miles 
long and inclines 1 in 100. 

The maximum gradients of the London and North-Western 
line between London and Birmingham are 1 in 830, with the ex- 
ception of the Euston incline, which is 1 in 66, 

ils of a depth of 64 in. have been used on the North London 
Railway. 

The Giovi incline of the Turin and Genoa Railway is 6 miles 
long, and rises 889 ft. Average gradient 1 in 36; steepest gra- 
dient 1 in 29; sharpest curve 20 chains radius; 2.55 miles of 
tunnelling. The Semmering incline, on the Vienna and Trieste 
line, is 18} miles long from Payerbach to the summit, and 
descends 84 miles to Muzzuschlag; the ascent on the first- 
named portion being 1325 ft., and on the other 705 ft. On the 
longest slope the ave gradient is 1 in 47; steepest gradient 
1 in 40; and on both slopes there are 30 curves of 660 ft. radius, 
and 38 curves of 924 ft. radius. Whole amount of tunnelling 
2.66 miles. The Bhore Ghat incline, near Bombay, is{15{ miles 
long, rising 1831 ft; average gradient 1 in 48; steepest gradient 
1 in 37; sharpest curve 990 ft. radius; whole amount of tunnel- 
ling 1.44 miles. The Alleghany inclines of the Baltimore and 
Ohio Railway, in the United States, comprise two slopes of 1 in 
454 for respectively 11 and 9 miles, with a gradient of 1 in 50 
for 9 miles more. Sharpest curves 600 ft. radius. 

The Canadian railways are not all of the 5 ft. 6 in. gauge, as 
appears to be generally supposed. About 150 miles are of the 
4ft. 8} in. gauge. 

There are two railways in Canada—the Erie and Ontario, and 
the Grenville and Carillon—which are not worked in the winter 
time. 

The 
made 4 

There is a curve in the main line of the North Woolwich Rail- 
way of but five chains radius. There are curves of respectively 
eight and ten chains radius in the London and North-Western 
line. There are or were two curves of ten chains radius in the 
main line of the Lancashire and Yorkshire Railway, and there 
are two of respectively eight and twelve chains radius in the 
Great Northern Railway. 

The estimate originally made by the Belgian engineers, for the 
wear of rails upon their lines, was 120 years. At present ten 
years is not under the average life of rails, whilst many are 
_—— so much worn in twelve months as to be no longer fit 
or use, 

The Linz and Budweis Railway in Austria, worked by horse- 
power, is of a gauge of 3 ft. 74in. 

M. Thiers, in 1834, while in the French Ministry, gave as his 
opinion, after returning from England, where he seen the 
es and Manchester Railway, that “railways were only 
toys ps the curious, or means of transport in certain exceptional 
cases xf 
In the United States there are now six railway gauges, viz.: 
4 ft. 84 in., 4 ft. 10in., 5ft., 5ft. 4in., 5 ft. 6in., and 6ft. A 
“ com ise gauge,” as it is called, of 4ft. 94 in., is also laid 
down, over which the rolling stock of both the 4 ft. 8} in. and 
and 4ft. 10in. gauges is run. At the time when Mr. Robert 
Stephenson, in his evidence on the gauge question, stated that 
all the American lines were of the same gauge, the 4 ft. 8} in., 
4 ft. 10 in., 5 ft., 5 ft. 4in., and 6 ft. gauges were down and in 


uge and alteration of rolling stock on the 
ilway, from 5 ft. to 4 ft. 8} in., cost 1000/ 


pange of railways, nominally 4ft. 84in., is commonly 
t. Shin. 


use. 

In 1843 there were seven widths of gauge laid down in the 
railways of Great Britain, viz.: 4ft. 6in., 4ft. 84in., 5 ft. 
5 ft. 3in., 5 ft. Gin., 6 ft. 2in., and 7 ‘t. : 

The gauge of the Russian railways is 6 ft., which is that also 
of several lines in the United States. 

The Oldham incline on the Lancashire and Yorkshire Railway 
is 1} miles long, and has an inclination of 1 in 27. 

In working railway trains through curves of 800 ft. radius, on 
the Virginia Central Railway, U.S., a sponge saturated with oil 
is kept constantly pressed against the flange of each wheel, an ar- 
rangement which is found materially to diminish the resistance. 

On some of the American railways the whistle is sounded at 
crossings and elsewhere by automatic mechanism connected with 
the wheels of the engine. The revolutions of the wheels corre- 
sponding to the distance traversed, they are connected to a barrel 





like that of a music-box, and the whistle is blown whenever a 
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in this barrel has been brought in contact with the lever by| The gauge of many of the American horse railways is 5 ft.| toa space 18in. in breadth, 25 in. in depth, and 4 ft. 10in. in 
which the whistle-cock is a 2} in., my this width accommodates the majority of ordinary | height. 


Under heavy traffic, railway chairs are crushed nearly through 
the sleepers. 

On the Orleans Railway of France, when the profits reach 
8 per cent. 15 per cent. of the surplus is reserved for the 
sas Sp 

oint andi ntermediate chairs of 424 1b. weight are in use on 

the London and North-Western line. 

The ruling gradient on the South-Eastern Railway is 1 in 
100 


On the Western Railway of France there is, in addition to the 
engine-driver and fireman, an inspector who rides upon the 
engine, and who attends, as far as ible, to the general 
observance of signals or accidents made from or happening to the 
train. 

In the execution of railway earthworks one man will shovel 
into a wagon from 15 to 18 cubic yards of earth daily. 

Upon all the railways of the Grand Duchy of Baden and of 
Prussia only one passenger was killed, in a period of six years, 
for every 17,514,977 carried. 

On some of the American railways twenty-four tons of dead 
weight are carried for every ton of passengers. 

Most of the German and Prussian railways, which have been 
found to be the safest in the world, have single lines only. 

The London and Birmingham Railway was begun May 14 
1888, and opened September 17, 1888. The London an 
South-Western line was opened May 21, 1838; the Great 
Western in June, 1838; the Eastern Counties, June 20, 1839; 
the South Eastern in May, 1842; and the Great Northern 
August 7, 1850. 

he following rule is in force on the German railways: “ In 
the waiting-rooms of each station, or in each booking-office, 
properly-bound books, with the seal of the company fastened to 
a string running through all the Jeaves, must be kept open for 
any complaints that travellers may think themselves authorised 
to enter therein, with the statement of their name, rank, and 
residence subjoined.” 

Mr. Robert Stephenson estimated the average amount of 
earthworks on British railways at 70,000 cubic yards per mile. 
On the London and Brighton line, the average on the original 
length was 156,000 yards per mile. 

Compound railway bars, in which a single bar may be said 
to be divided vertically throughout its length, and one part 
advanced beyond the other so as to break joint, have been con- 
siderably, although not successfully, used in the United States. 

The London and Birmingham Railway was the first of any 
magnitude, the works of which were let by contract. 

At the Rhine Ferry of the Aix-la-~Chapelle, Dusseldorf, and 
Rhurort Railway, twelve coal wagons, weighing collectively 133 
tons, are lifted, two together, 20 ft. in twelve minutes. 

The local settlement of railway embankments may create 
oe where the line is nominally level. On a line 
ascending nominally at the rate of 1 in 88, a gradient of 1 in 
43, for 200 ft., was discovered after the railway had been for 
some years in use, For 100 ft., however, beyond both the top 
and bottom of this incline the line was level. 

In 1846 an eminent French engineer came to the conclusion 
that a railroad between Alexandria and Suez would be too costly 
to be feasible. 

The Pennsylvania Central Railway Company, in the United 
States, have seriously considered the substitution of inclined 
= for the twelve miles of gradient of an inclination of 1 in 

5, up which their goods traffic is now carried. 

In one year on the Eastern Counties Railway, 1,112,570 tons 
of parsenger engines and carriages were run in the conveyance 
of but 42,644 tons of passengers, estimating 15 passengers to 
the ton. 

In working the Pennsylvania Canal and Alleghany Portage 
Railway, in the United States, the boats are made in several dis- 
tinct sections, fastened together by hooks, and at the end of one 
division of the canal are loaded, each section separately, on rail- 
way carriages, carried over the Alleghany mountains and 
launched, and again fastened together in the next division of the 
canal on the opposite side. 

The flat-footed or contractor's rail, with a base 6 in. wide, is 
now largely used on the Great Western Railway. 

In four of the thirty-two American States, railways can be 
built without any application for Governmental permission, the 
companies having a right to take whatever land or other property 
they require, paying for it according to mutual agreement or 
to arbitration. 

Captain Moorsom once stated that loads of 18 tons were suc- 
cessfully moved twenty years ago, and by locomotive power, for 
three-quarters of a mile, up an incline of 1 in 18, on the West 
Cornwall Railway. 

At Posen, Prussia, was a railway, one mile 200 yards in 
length, consisting of a single line of iron bars supported upon 
columns, the carriages being suspended at the sides from the 
axles of large wheels running along the rail. 

Upon street railways a pair of horses can draw 100 passen- 
gers with ease, at from six to eight miles an hour. 

On the Whitstable branch of the South-Eastern Railway, an 
ineline of 1 in 30 for { mile has been successfully worked for 
many years by locomotive power. ‘There is also another incline 
of the same pitch, } mile long, on the Folkestone branch of the 
same line. 

The rails of street railways, as laic down in the American 
cities, weigh 75 lb. per yard. 

It was estimated by Mr. R. Stephenson that seventy millions 
sterling have been paid by British railwsy companies under the 
head oF Land and Compensation.” 

The first railways were laid down on a gauge of 5 ft. from out- 
side to outside of rails. ‘The width of the latter being 1}in., 
the inside gauge was 4 ft. 8) in., whieh was necessarily retained 
when the rails were afterwards widened. 

When the original bill for authorising the construction of 
the Brighton Railway was before the Parliamentary committee, 
the expenses for counsel and witnesses were 10002. daily for 


oe 
settlement of 2 embankments is sometimes such 
that, in one instance on the Great Northern line, 26 ft. in 


0 Sa a filled in at one point to restore the 
orig: vel of the 7 





vehicles in that country. 

The 184 miles of railway between Sydney and Paramatta, 
mo South Wales, had cost, up to the end of 1857, 49,4587. per 
mile. 

The two great halls of the King’s-cross station of the Great 
Northern Railway are each 800 ft. long, 105 ft. wide, and 71 ft. 


-high from the rails to the glass roof. 


The Eastern Counties Railway was commenced and partially 
constructed upon a gauge of 5 ft., which was afterwards changed 
to 4 ft. 8hin. 

The Dae and Budweis Railway, in Austria, was opened in 
1828, by horse-power. The iength of the line is eighty miles. 

In the execution of railway works long deep cuttings of gravel 
or sand can be opened—working two levels at each end—with an 
average haul of one mile, at the rate of from 600 to 1000 cubic 


yards a day. 
Upon the Georgia Central Railroad, U.S., the passenger 
engines are run 191 miles daily for six days in the week. 


Some of the engines have been run more than 60,000 miles in one 
year. 

Mr. W. H. Barlow has whitewashied a line of rails for a mile, 
and observed the passage over them of a fust train of twelve 
carriages. Where there were yielding joints or little imperfec- 
tions in the line, spaces 5 in. long were found where the wheels 
had not touched the rails. 

On the Paris and Orsay (Sceaux) Railway, the engines and 
carriages are run around curves of 82 ft. radius, the carriage 
wheels being loose on the axles, whilst there are guide wheels 
also bearing laterally against the rails. This system is that of 
M. Arnoux. 

The Arbroath and Forfar and Dundee and Arbroath Rail- 
ways were originally laid down on the 5ft. 6in. gauge. The 
Ulster Railway of Ireland, now of the 5 ft. 3in. gauge, was 
originally Jaid 6 ft. 2 in. between the rails, 

The average passenger fare upon the age railways of the 
State of New York, U.S., is 1d. per mile. At this rate more 
than nine-tenths of the passengers are first-class. 

Mr. Gooch has mentioned that a railway carriage was once 
driven at 40 miles an hour around a curve of 600 ft. radius, at 
Bristol. The motion of the carriage was steady without any 
appearance of a disposition to overturn. Mr. Bidder has esti- 
mated that a railway carriage could be driven, on the narrow 
gauge, at a speed up to 130 miles an hour, on a curve of balfa 
mile radius, before the centrifugal force would overcome its 
gravity and throw it off. 

On the London and -North-Western Railway the average 
weight of passenger and goods trains, inclusive of engine and 
tender, was 99 tons in 1848, and 112 tons in 1852. At the 
former period 30 tons was the average weight of engine and 
tender, whilst, in 1852, their average weight was 31 tons. 

The Brighton, South-Eastern, Eastern Counties, Midland, 
and North Eastern Railway Companies established their renewal 
accounts in the year 1849. With the exception of the London 
and North-Western, no other line had then established such an 
account. 

The Liverpool and Manchester Railway was publicly opened 
on the 15th of September, 1830. The engines were started from 
Liverpool on that day in the following order:—The Northum- 
brian, driven by George Stephenson; the Phoenix, by Robert 
Stephenson; the North Star, by Robert Stephenson, senior 
(brother of George); the Rocket, by Joseph Locke; the Dart, 
by Thomas L. Booch ; the Comet, by William Allcard; the 
Arrow, by Frederick Swanwick; and the Meteor, by Anthony 
Harding. 

The summit of the Copiapo Extension Railway in Chili is 
4470 ft. above the sea. ‘The summit of a branch railway to be 
built from the Copiapo Railway will be 6624 ft. above the 


sea. 

The summit of the Alar-del-Rey and Santander Railway, in 
Spain, is 3524 ft. above the seu. 

There;is a continuous incline of 1 in 186 for 22 miles of the 
Manchester, Sheffield, and Lincolnshire Railway. Mr. Peacock 
has stated that engines with 18 in. cylinders, 24 in. stroke, and 
having six coupled wheels, each 5 ft. in diameter, have drawn 
500 tons up this incline at a speed of 18 miles an hour. The 
weight of the engine and tender being about 50 tons, the total 
resistance of gravity and friction would be about 14,400 Ib., and 
the total power required abcut 700 horse power. 

M. Deroider, of the Belgian railways, once introduced a third 
rail within the 4 ft. 83 in. gauge line from Brussels towards Mons. 
This rail was placed to give a gauge of 3 ft. 9in., Mr. Robert 
Stephenson having advised M. Deroider to adopt that width in 
preference to 8 ft. 6 in., as he at first proposed. Upon 10 or 12 
miles of this 3 ft. 9 in. gauge a small locomotive with outside 
cylinders was Aodicle  ~ worked for sometime. Mr. Stephen- 
son often rode upon this engine, and it was understood that the 
3ft. Yin. gange would be adopted for the 60 miles between 
Ghent and Antwerp. 

The King’s-cross station of the Great Northern Railway com- 

rises 26 acres of ground, and 184 miles of single line in sidings. 
The land between King’s-cross and Holloway cost 470,000/. 

As a proof of how much of the wear of railway bars is due to 
concussions, wooden rails may be mentioned. These have borne 
heavy loads, drawn by horses at slow speeds, as at the Holyhead 
Harbour Works, and for as long a time as many iron rails laid 
down and worked in the ordinary manner. 

Upon 5814 miles of Irish railwaye, the Parliamentary ex- 
penses up to December, 1853, averaged 331/. per mile; land and 
compensation, 16272; contract works, 6924/.; permanent way, 
2788/.; stations, sheds, and workshops, 782/.; rolling-stock, 
1254/.; engineering, 421/.; law and valuation, 540/.; and sun- 
dries, 10964 per mile. The average totul cost was 16,0482 per 
mile. 

An incline of 1 in 26, on one of the Belgian railways near 
Lidge, at first worked by stationary power, was afterwards 
worked by locomotives; but more recently stationary engines 
have been again resorted to. 

The New-street Railway Station roof at Birmingham is 864 ft. 
long, and varies from 1{1 ft. to 212{t. wide. It contains two 
acres of glass, weighing 115 tons, and comprises 1(50 tons of 
ironwork. Its whole cost was 82,2742. 

Every passenger in a French railway train is by law entitled 





In working curves of 300 ft. radius, on the Baltimore and 
Ohio Railway (U.S.), it was found necessary, even for speeds of 
but 10 miles an hour, to elevate the outer rail 9 in. above the 
inner one. The usual formula would give a super-elevation of 
about 2 in. only, but 9 in. were to obviate excessive 
friction. On another eutve of 300 ft. radius, worked at 8 miles 
an hour, the outer rail was raised 6} in. above the inner one. 
Even with this allowance, it was necessary that a steep gradient 
should be inclined 58 ft. per mile less on the curve than on a 
straight line, in order to make the resistance as nearly equal as 
possible throughout. 

The Northern Railway of France, on which are ouple ed 
some of the largest locomotives yet constructed, is partly laid 
with the Vignoles, or flat-footed rail, spiked directly to the 
sleepers, the joints being fished, and no chairs being used, 

On his examination on the gauge contest, Mr. Brunel de- 
clared that, had he to make the Great Western Railway anew, 
be should adopt a wider rather than a narrower gauge than 7 ft. 

Most of the rails made for the Bombay, Baroda, and Central 
Indian Railway are 64 in. in depth. 

The original quantity of the earthworks carried across Chat 
Moss was 277,000 cubic yards; 670,000 yards of material were 
required, however, for their formation. 

30 in, cast-iron pipes are occasionally employed as culverts on 
some of the American railways. 

The first-class railway fare between London and Southend is, 
by return ticket, but 1d. per mile. 

_ The engine-shed of the North-Eastern Railway, at Gateshead, 
is 450 ft. long by 280 ft. wide, and contains five turnables com- 
municating with 90 stalls for locomotives. 

_ For the p e of removing the driving-wheels from locomo- 
tives a contrivance called a “drop-table” is used on the 
Northern of France and on several American railways. A 
platform of sufficient length, and resembling that of a railway 
weighing-machine, is made in the line and supported either by 
serews or upright racks beneath. An engine being run upon 
this platform, and properly supported so as not to descend bodil 
with it, the platform is lowered intoa pit beneath, carrying with 
it the driving-wheels, the axle-guards of which have been pre- 
viously opened at the bottom to allow them to descend. The 
wheels being lowered, they are rolled along the platform to 
beyond the end of the engine, and the platform is then raised 
to the level of the line, and the wheels run off to any point 
desired. The operation is an expeditions one where the table is 
moved by steam power. 

Mr. Vignoles, in 1840, expressed the opinion that the cost of 
working railways ‘per train per mile” was irrespective of 
gradients or curves. A “train” being, however, an indefinite 
quantity, itdid not follow that the actual cost of carriage per 
ton was unaffected by gradients and curves, 

The original rope drums of the London and Blackwall Railway 
were 23 ft. in diameter, and revolved, on an average, with a 
surface speed of 26 miles an hour. The rope was 5fin. in 
circumference, upwards of 6 miles long, and weighed about 
40 tons. 

The Cowran-hill cutting on the Newcastle and Carlisle Rail- 
way is 110 ft. deep, the slopes standing at 1} to 1. 

On the St. Germain Railway of France, the pay of first-class 
— is 187. per month, inclusive of premiums. 

_ the test for rails, adopted by the Sardinian engineers and also, 
in some cases, by Mr. Robert Stephenson, was to let fall a weight 
of from 2 wt. to 3 ewt. from a height of 16 ft., striking the top 
of the rail at the bottom of its fall. A ram of 3 cwt. falling 

16 ft. would strike with a force equal to 4 tons 16 cwt. static 
pressure. 

In Philadelphia, U.S., where there are about 150 miles of 
street railways in operation, the leading journals are reeommend- 
ing the substitution of steam for horse power. There are 
already upwards of twenty steam fire-engines in use there, one 
of which, we believe, is self-propelling. 

Yellow grease for railway carriages is composed of 253 parts 
tallow, 87 palm oil, 25 soda, and 634 of water. This, at least, is 
one of many prescriptions. 

The Canterbury and Whitstable Railway was opened in May, 
1830, some months before the public opening of the Liverpool 
and Manchester line. 

The railway station at Birmingham is about 250 ft. above that 
of the North-Western line in London. The Tring summit is 
332} ft. above London; the Blisworth summit 170.8 ft.; the 
Kilsby summit 308 ft., and the Berkswell summit 290 ft. above 
the London terminus. 

If it were required to run a train at a speed of 60 miles an 
hour around a curve (on the narrow gauge) of 10 chains (660 ft.) 
radius, the outer rail would require to be elevated 10.7 in. above 
the inner one. At 30 miles an hour a super-elevation of 2§ in. 
would be necessary. 

On the Indian railways the fourth-class fares average about 
one farthing per mile. 

We are not aware of any authenticated instance of a railway 
speed greater than seventy-eight miles an hour. 

It has been found that on some lines of railway having frequent 
sharp curves, the flanges of the leading wheels of ordinary,six- 
wheeled engines require to be turned anew every six weeks. 

Tue PyRoMETER.—Mr. E. A. Cowper's pyrometer is used 
for taking the temperature of hot blast of 1160° Fahrenheit and 
upwards, in Cowper's hot-blast stoves for blast furnaces. A 
p ar of copper is so adjusted that its specific heat shall be as 
1 to 50 to a pint of water. The copper is heated in the hot 
blast and dropped into the water, when the rise in the tempera- 
ture of the water is read off the sliding scale, the zero of which 
has been previously adjusted to the temperature of the water. 
His pressure gauge consists of a very flexible diaphragm, having 
an area of 1 ft.,on which the pressure acts; the amount of 
sg being ascertained by weights applied to a lever which 

eeps the diaphragm in place. The scale commences with the 
hundredth of an inch of water. The principle of the p er 
is that, we believe, of Mr. Wilson, who read a paper on the sub- 
ject at one of the meetings of the Institution of Mechanical 


| Raginas, in 1852. Mr. Wilson employed platinum for very 
i 


high temperatures, although copper answers for # range up to 
1200° or even more. 
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